APPARATUS AND METHODS FOR GENERATI NG PRESSURE WAVES
REFERENCE TO CO- PENDI NG APPLI CATIONS Priority is

wo hei7neshbsd r om US provi si onal application No. 6B¢8020d260622
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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 "mm generat| ng pressure and

net hods of \DYEd B0 HOR NG si onal

appl i cation 60/ 924, ZOS%MWVW and ent itled

" Appar atus and Met hod PRESSORE: o~ Pressure Waves"

. FIELD OF THE I NVENTI ON The present invention relates
gener to speakers.
BAW%EM@%@M%@ %ﬁ%ﬁ@éﬁ&g}s the art for

act uapgpstyCRNAhikRd"Gor@NUS aﬂr@%s&ﬁal”&ﬁh@atﬁﬁﬁ M@t @0/%02 ?26 filed 22

believed to be represented by the foll ow ng, aI
Mﬂyc ﬁ()%fr entSergited nt Anl capparahitss fmngwsatmlghemtg and from a US

ngsbo&a gppgﬁc% 3%8{190%8/§§%g—8 §}]e§b% ?Rgg’agg ent1tled ”lgppalatus for

etREiMRNBI@RRkd Gnd aA¢tBEdsOBf nﬂ&v‘lhfa@iu@é Fhear&sl" tahadNEEMAES rovisional
and el ectrostati c devi ces. 373, 955: The Abstract and

éleplwmom 60{924203 iled éMEuInﬁOW and nent8kds HapaggtusaprcaMeshods for
1016675: The Abstract shows an

Haﬁg%§p&§mﬁ§§@§g%utput transducers. 6,963, 654: The

Abstract Figs. 1-3, 7-9 and colum 7, line 4 1 -

colum 8, line 54 show the transducer operation based

on an electronagnetlc force. 6,125, 189: The Abstract;

Fi gs. FEELD QFHAEANVERTI@N | ine 1 - colum 5, |ine 46,

show an el ectro-acoustic transducing unit including

el ectrostatic driving. W 8400460: The Abstract shows

an el #b¢ pesag neihionetitst geaetatla s suaaors hay spgifadallats speakers.

of magnets. 4,337,379: The Abstract; colum 3, |ines

28-40, and Figs. 4, 9 show el ectromagnetic forces.

4,515,997: The Abstract and columm 4, lines 16- 20,

show vol une | evel .
BACKGROUND OF THE INVENTION

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
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.
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.



6,795,561 : Columm 7, lines 18-20, shows an array of
mcro actuators. 5,517,570: The Abstract shows mappi ng

wa@bdoalzebenonena to discrete, addressabl e soungcpipeed000622
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JP 57185790: The Abstract shows elimnating the need

for a DA converter. JP 5 1120710: The Abstract shows

a digital speaker system which does not require any

DA convgr r. JP.09266599. The Abstract shows )
directly ’éé%l%?:ngh? SR Kigs Isi §rimf cobump dplanekkr column 5, line
6, 959, 09.6: The Abé,t r%ﬁ@v %d e@é?:ltﬂdmaogﬁticl 't&ﬁ§du%9f 631m§thCiWcluding
a plurality of transducers arranged wthin an §rray.

Met hods for manutlactrestdtiogiriyolgymer nagnets are

P F I N e R,
Properties of M giapmehiRgcdhFhi@Risi um _

Ferrite/ Polyi m de Cigg osi t'es"”, %AEEE_Jour nal of

M cr oel etB3 6AEEhaddicc Absteygtt enhemn 61,4hnes2%-40,188F Figondl, 9 show
Lagorce, L. K, Brand, O .apd M G Allen, "Mgnetic

mcro actuators Elg‘gté%h%ﬁ?efﬁ%f%’?ﬁgr magnet s", | EEE

Jour nal F13beT:0-RlceMstractRal asliugal 4, Byisd BnB0, sBOW)volume level.
March 1999. United States Patent 4,337,379 to Nakaya

descri be®73:ppkindrolamedt linpg 8220 shoves) ancarray o4 dBigse aqtuators.

t ransduc ' UGhNg ALl [ 4 -col ] - i .
truotur 2 beftad e Apbthel sfont MurBisi bl i uompepe 1g disorete
al describes a dadipéssatgesoundaixelype acoustic

transdyc flat-type dj aphragm The Sot system

i ncl udﬂ’sg’ifﬁ%:g. ,A%/ig_e%is O {EMBatRE g Necarios a Bl Converter.
di scl 0ftis #9091 0: ! TP GAhARS AP HARE: HYCHMMHich does not

mentioned in the specification,
publ i cati ons andregatreaty Bek vomewettsr.ci t ed t herein

di rect Lhdirect]|y, are hereby incoyporated b .
refer ei%%%@k%&Rﬁ@?&%qﬁgﬁ ﬁi\‘?m‘ﬁf%lﬂ}fﬁ’@p s t‘ggm}/1 signal to a
i nvention provi dgsakdrn accordance with a preferred

enbodi nent thereof, an array of mcro speakers for
gener at i HP°B0¥urldet Abptragtoandeeiomd <, tlimes 80 Bvehdws guplrality of
intensity, coded. jnto a digital .input signal, wherein
each mcro speaktézrnglchﬁ% Udes gg‘?“n'%@t\bllnﬁ I B%ehent ;
substantially all the noving el ements are configured
to nove in a long oscillating stroke in response to )
app! yMsghodn far mangtaciusigs sradapeiomaginds jage fesceibed in the following
Ret&ed. el ements fromthe array are restrained from
r are allowed to respond to the oscillating
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

Lagorce, L. K., Brand, O. and M. G. Allen, "Magnetic micro actuators based on
polymer magnets", IEEE 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.

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.



stroke in response to electrostatic force which is

applied thereto and which prevails over the
wehegtissssmgnet i ¢ force and, typically, the sprpogIL2007/000622

retraction force, whereby the nunber of oscillating

el enments is substantially proportional to the

intensity of the sound coded into the digital signal.

Further in accordance with a preferred enbodi nent of )
the pr@gehiclostiesneli ath Publicaiong fnd| p#eiit docypenisderisoned in the

5 ideangfEl Al ofo‘g'xte:;gﬂ)ﬁ étYo‘?szangr dtdht ggg{n%hﬁp .’cit§(?|tﬁe%iﬁddirectly or
ement s ‘are addresse |ngrm%s. urther in
acliecitig nochantctiyhneorporafedrbyadfeemipedi nent of the present
i nvention, 2" elenments are configured to nove or are
restrained fromnoving in response to the value of the
(n+k)th bit of the input signal. Still further in
accordance with a preferred enbodi nent of the present
i nvention, the el enent conprises a plate restrai ned by
conpliant flexures. Further in accordance with a
preferred enbodi nent of the present invention, the
el enment is configured as a round plate with serpentine
flexures. Additionally in accordance with a preferred
enbodi nent of the present invention, the el enent
flexures are made of a material of sufficient
el asticity. Further in accordance with a preferred
enbodi nent of the present invention, the el enent
conprises a free floating noving el enment. Stil
further in accordance with a preferred enbodi nent of
the present invention, the el ectromagnetic force is
generated using a coil that surrounds the array. The
array may be manufactured using |ayer |am nating
t echnol ogy, and/or PCB production technol ogy, and/or
waf er bondi ng technol ogy and/or a suitable conbination
of these technol ogies. Al so provided, in accordance
with a preferred enbodi nent of the present invention,
IS an actuator apparatus conprising an el ectromagnet
generating a magnetic field, an el ectrode, a magnetic
force-driven novable part operative to nove toward
andaway fromthe el ectrode along a gradient of the
magnetic field, the novable part including a pernanent
magnet di sposed within the magnetic field, at |least a
portion of the novable part having a first electrica
potential, and wherein the electrode is selectively
charged by a second electrical potential which differs
fromthe first electrical potential and is operative
to provide selective notion of the novable part in the
desired direction of notion responsive to the magnetic
field by selectively electrostatically



| at ching the novabl e part thereby to selectively
prevent notion of the novable part responsive to the

woBanaticgo fi el d. 1n yet other enbodinents, thepcrar2007/000622
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actuation el ectromagnetic coil nmay be constructed as a
conductor line passing and carrying electrical current
along a line, which is |located on the sides of the

el enents, either as a gart of an electrode |ayer, as a

spacePUMMER G PFHE INYENTAON PCB |i ke layer with
. . h . '
By er THE AR RREANT Bro sk 06 hetaRhEe ol AprERAES lembodiment

theecodic buary ofshicue spenkers Thegemerasing ussumpt thui @e@dspdnds to received

accqr.dance w .a preferred enbodi nent of the present
SR B GoreddtioR Ge i SETS. PORyLh B FIGPgaker includes a

RIS flgCMm&ftf 8B5tanilyl FARL nRRB AL HERYES c%flﬁ%\g}b@tb move in a long
corresponds to at | éast one characteristic a
dioglilatial simjeiin ssponat teappdyieg apettemdiingtlegtramagnetic force; selected

ccordance with a clock, e _appar at.us risin t
PRSP THET 18 drtv o atrioed PRwCH e ALAPFhT Harnddd B oscillaring
btfsKeUl rdPoe takleadtosMticoreMehi&l RIPPLSH theReS &dwEiek Brevails over
i ndi vidual noving elenment is responsive to alternating
thegeleetramagnetiel forqdands typisally, athaespring tetragiédn force, whereby the

t el. C o) n res t hve .axi-s
Rub iR Gt e Pl s hla Rl S ERRE L ITHERS of e souna
tdved entpaite dgRal sighat.he presence of an al ternating
magnetic field, at |east one |atch operative to i .
sel ect VRAryin| aseidange Wihgt Prsfrared psaladingentsef de mygsenginvention,
&hi&m 'E&rﬂeﬂgaarel ¢ s&{1 ?ndi@st.lﬁgﬂ}n gAlﬁ’é}ﬁétNegn ot N ra%la}{iotnf) selected
prevent sai Fndi vi dua novi ng “el ement's Trom
clempotsdremgldrassshingrelpsct r omagnetic force, a nmagnetic
field_.cantrol system operatjve . to receive _the clock . n
and, - QS df AGICYIanEE YA g ered odimen osfiesenl invention, 2
akehts wahexghf‘edfté’ ffe 0P aRAkfridd®¥oR fmdVBYd BGesponse to the value
el ements; and a latch controller operative to receive
gthd (miikgihttat ofi thpimpussigmedl and to control said at |east

one | at ccordin . Further. in accordance with a, . .
or ot es LB G BLsBReosr it & PRt B ERRHRANE ¢ bt imvention
e letmedk compiideg aplRORRLSnéSbHtERNRE kirbd.n a fluid

medi um and wherein at | east one of the magnetic field

cont r byrthey dn aspordagce with pawefsred ampediment pisthe pegsantjigeention, the

LemdRf ig 9&1&?%116&5% troﬁHcf plg{etv['iitlﬁ é'grgent 1fne Tﬂlggurég und to

correspon east one characteristic of the

di gi t AHditiopalty dh gambrdshéd Iwitlurd hpeefeired agalaoditaace oM thl present
a preferred enbodi mrent of the present .inyention, the
Gusbptiprn s clamond devorshue Reave |°_§ﬁ§ﬁﬁertql1 ef widjcice %@Fmé a

shor t egkherdy 8éSRShPe ViR %gﬂ&t:f_eh*@d ERBodiRiAo ARE pYRE§hEntion, the
each the noving el enent defines a cross section which
¢tlsmpatrqoerpdisesd fee floatingsnavigelohemovenent and whi ch

N N I S R
theleBdctr¥@agietic6rce is generated using a coil that surrounds the array.

The array may be manufactured using layer laminating technology, and/or PCB
production technology, and/or wafer bonding technology and/or a suitable combination
of these technologies.

Also provided, in accordance with a preferred embodiment of the present
invention, is an actuator apparatus corhprising an electromagnet generating a magnetic

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



shortest wavel ength. Further in accordance with a
preferred enbodi nent of the present invention, the

wb adogasiesdi mensi on of each the cross-secti ons PST/aR007/000622
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order of magnitude smaller than the shortest
wavel ength. Still further in accordance with a
preferred enbodi nent of the present invention, at
| east one | atch conprises an el ectrostatic |atch.

rwRY Heam jthe glechipémmtongwi radiens ralt e ragenskip difldrethe Bpvable part
Frl%?ucﬁ)ﬂgg% E&jﬁra'n@(tetﬂ%%l%p dﬁ)totsécf@fﬁh Qi nl gh&ﬂ ﬁéﬂrgpz{r% tlg’a%?‘ a ?BI’UOH of

east ectro 8ast one
dies poselle hetrwbeving he fastr algctatalmpotentinl.e hﬁdmaﬂ’(eselﬁ Nifle t dlectrode is

Ieast one electrode. Still furth accordance .
egig yisharesd Pid serdisrbinal ppentid ‘*g‘r“é’s‘élffﬁl B s gt electrical

Bbteh@®AShd & e?eﬁﬁl%q? rISPdquar@%] e@fivé fotiBh GFgleQIm\adBlehpagt in the desired

I nsul ati ng teria in accordance wt
giredtonr gddmetrbo dcsmemw@fto tthe nmgesten fieidnbe seliectivelatelectrostatically

| | af ches f h. Vi
R P o TR B, SR R R Tanl Of 2 vt pr

k@p%&%gom%hg%@ﬂsfe@ﬁpect ively. Still further in
accordance wit preferred enbodi nent of the present

| nventn 1% othst embedimesitethsacunomelortiagnefepribmay be constructed
SEFROAAED: P AP TRORE o ol DOBRSTL 20y i o

ah tHeestdils of e démés eitheti 3@ patteifanckceodyiay&ess z&spacer layer or on

conduct r. Further in accordance with a preferre
8 RERIEFERD 1 oyre VHeRsHNgs RossPPRfing i (hF el éheof'fpacel layer

I(ﬁgtem{( owgog ﬁf@{g}[ ﬁelEQ'ra'ﬁﬁ Qb&f e Eﬁﬁ:{t& ﬁﬁ%ﬂﬁé i c

naterla I n accor ance W t preferred
enbodirhenatis cthui Ipmvpaleeis ant accondemdtei with 4 Ipeeﬂalad:d: fembodiment of the

contraller, in at |east one de of Iatc ntg@
BIS&T 4 (R YRUOR. A, Atpalps appargfusy &eﬂéraﬂﬁgrﬁel? Yé‘F TGkt least one
SISHRE bF WHIHE BordSipbhidsaioCat! 88! ohe ' BARBRFLNE of @ diBRal input signal
el ectromagnetic force to be substantially proportiona

Sétlmi@dj p@n@h@ﬂalm iapgasdanice ywuhm olorlatthe Appaoetesi comprisieg at least one
9 I nput accor dan

e SRR GE R BTG RF SRTBE otk Yfacnts, wherein

éddhaMdﬁz@dﬁa[ infB4nd elidhallid kaspOhsiveO s alkémang RRAgRHRMABIES and is

whereji n_consecutive rows are nutually skewed. Stil

Fepstraiged ftraet aleranely Rackiand fpstoplong adespreibigi axiiesismsive to an
%%ﬁg@g%%gﬂé fhiRY (556‘129 {hlaleeu & %N}ﬁiﬁnﬁ; f&re@eg ?41 an alternatmg |

and a eco co- I near S an
hapohicrigld as leastams latole bpﬁie(s;veaofsbllestﬁvell}alaodmi dd deapDGict slubﬁbt of said

di sposed within the f|r hal f-axis and a second .. . ..
E’ﬁ' %@mﬁlﬁ il |abﬁ]eaaﬁ %o Q;]‘ll\}g PO} ﬂg:r%gc‘@narevent said individual

Hﬁlvfn'gaé(lbﬁ'lents from responding to said electromagnetic force, a magnetic field
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
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 latch controller is

woperaticse€ to address at | east sonme of the noveOQIL2007/000622
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elements individually. Additionally in accordance with

a preferred enbodi nent of the present invention, the

latch controller is operative to collectively address

at | east one group of noving elenents which is a

subset of the array of noving el enments. Further in

accor ?ﬁﬂ ?ﬁt% Elb?c%gp({e]lﬁéee\;v{tﬁg &QIQQA %Q(gdl%t ntt orﬁ{up pr%?e%t Enven’uon
i nvention rol 's’0

delsoand hasedt YeagOisheasseagth théreﬁy ﬁﬁd&fﬁfe(aeshofte@ fMaugl8ngth present in
characterized in that each n'th group in the sequence
Bsntovind sandr pogsd sachnBisymRBe nﬂe‘@F@n@ﬁ‘t‘@s dis Ciop Section which is

P%r?t&ﬁgéﬁln& fonind Lib o9 Wn}é’ﬁ@ﬁlﬁl Mh ch @& Egtaqgtg&st d%tn'exllgflon thereof

I n accordance w a pre erre I ment
alh'cb“pmeesteme langesh tlinmmsioat ofl emmbt the eossfsettion Ismnilahbrelatlve to the

e%or{fr:e 51 a cross section defining a periphery and
ts‘f’?vﬁeﬁlg ‘by at |east one flexure attached to the

per i phgitber il H&&)P(Fa'hcé RitAGGRERARE emibbliheat Qf b @kds8t invention, the
enbodi ment of the present” invention, at |east one
lmgmtwgmednemmf casfdthetasossesseticaisris Ay ofdeg ol mesgnitnde $noaltee dhan the
fro .2 Si sheet of material. Still further in

*&06 ST dane gegﬁﬁ]th a preferred enbodi nent of the present

I nvengiiofurtidh il &sidafdtewith @preferréBeriBsd@Biht dTehe present invention,
Additionally in accordance with a preferred enbodi nent

aff eqsﬁ@nw@élmnpinﬁmqlmos@ﬂc ladist one flexure is
for rre ul‘?ﬁerqﬁ] ?%g)?éa{nlcg élg%rrr%gsé&'ﬁg(}dl &{ttol% qfril b{ésem mventmn at

accordance w ment of 't
lenstemie titch th@pmiwesi geﬁt emenélectarier dmslest Ratr ﬁ&: space mamtamel

floati el e Additionally in cordance
fsRsst bR R MBS CIRFTES (he a ke |°8?1V\fe
el ect §GIMRGART ifadcBfdascd @1t9§%%f%&ﬂerﬂ§ddqﬁeﬂ &%é p&&% invention,

surrounds the array. Further in accordance wt
pirleds¢ pneespacerivonitanasitis imedh of pr selating matengi.on, t he

PSRt BRSSP ugnion.

RA& dHe bR dodippiBéNByvddREILES dRSedchah&hg %&n&h%sé}amtéw@, latch the
i ndj vi dual noving el ements fromresponding to the

BlogisgreaRaih &t ™o lniching positigos fssesrtielsl, in accor dance

W th spﬁ’ Iﬁﬂ‘ﬁ{erﬂ fccglr f/n?cde \gﬁ? g%ee{fﬁr?%i orgcp 1%elptro?§he n%resent invention,

I nven an actuati on generat

phlyst ord ofethé eolingalerh@dstonditieat peinkiabst Hignehi ch
corresponds to at | east one characteristic of

di git Byrtheg p@ﬁc@iﬂbﬁﬁlﬁ? “g@@p@éelﬁérqn@jmdggmt)pf the pr%sent invention, at
RG& Qﬁlg ghfife rf%\tntfg éleﬁlkzﬁ’t% léomhﬁ?es MERLAGELIGONPr i si ng

provi ding at | east
Further in accordance w1th 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
force to be substantially proportional to sound signal intensity information coded in the

digital input signal.



array of noving elenments each constrained to travel
alternately back and forth along a respective axis in

WO e®passse0 t 0 an el ectromagneti c force operati VBCT/IL2007/000622
t hereupon when in the presence of an alternating
magnetic field, selectively latching at |east one
subset of the noving elenents in at |east one | atching
position thereby to prevent individual noving el enents
f r om Fadhssiapergrdagce wathe rrefersdspbadiment of de present invention, the

LA AL NSRS PR ASEANE DB CORL UL Kb o
ofutuablyishkgwvel. ement s, and receiving the digital input

signal,.and controlljng the | atchipg step accordingly, )
Furt nail irfl‘ﬁﬂé‘?é sb%f&a#@egw% aarf&?%?@?m‘é@l@ﬁmﬁt rﬁes# invention,
s HRGxR &afised AVRTHhAIPRXistNE ol sBESHR LANRE! BABaBs BAY the@lvo latching

el ectrostatic |atches and at | east one space

peditersi meludeepaitat ddchime ppsition dlispbsetdc webinatie fist fholfrmed and a

of an,insul ati.n terjal..and wherein.the latch and at
ReaBT it i B et Pl i e btFea st ng Pc3
pr odugpitien ih B€ORRINBEWith St prbferbd eiBBdinicht ACEOPRABEEnvention, the
with a preferred enbodi nent of the present invention,

fafeh gprisgllesf isnepeAdyeeltentddress ceinrrs semg  ahghetmeving elements
10 L AY8hu ﬁ?ndvvi ched between a pair of electrode |ayers
spacecf1 romthe magnetic |ayer by a pair of dielectric

spaceAdliaipaily. ifruidcbaiantd vadc of qrefegedv dhb@lipestt of rdd present

embodi nent, of the present invention, at |east one of
fyentiogy é‘}esla?cgl woHaReaE &p@atle‘swn@lkﬁfatf@y AdHassay least one group of

hl%gﬂlg%lléﬁ%ﬁts which s 4 H.fb@%qu rt]llierhrfsa %?W%el%&ﬂs.a

preféerred enbodi nent of the présent invention, at

| east Fatler of atdoeddnes with ai gefernad tmbodinedt ofSthagrdseytanvention, the

nati technol.ogy. Additi in cordance wt

s loRE Sl Sapoanede OFctnsipeebbn crvehe guoHE of erows

tigasderDR8 iP{hat %hlrﬁ}iegrr&lg 8t LA WoR BN many molving
production technol ogy. i1l further in accordance

olemhnty ap thefpaeaedigdntd oidii areup wiidre Mhes goriatsgert i nvent i on,

at le one_ latch has a..notched configurati.on. . ]

Addi ¢ P ARG i cleradf Sl 8 R tod S lir At S rssemb iy ontion,
&f lebionpr ES®BtmbVINE RIcnMAts Bds 4 eass seRnl @iffhg@peAphery and is
annul ar confi gur ation. Further in accordance with a

20 restaniped Byjatdeashangieurgattached torthepertplievent i on, at
| east ! : { i ' P ELo
LR LR S, B LLALRL AR E AR fenion,

lehg ope essevitg eloment dndnifs attrditiag flemres hizt folméhfom a single sheet of

conf.iﬁur ation which includes a central area which

pekieht s air from passing so as retard escape of air
ther eyl fitel fTURBrdGRAY Rl a BRIMRSI b BYRiADY JFehSh8 R nvention,
and the latch. Further in accordance wth a preferred

25 eatrbastiomeiitxuod ist Seepgutiesent i nventi on, at

Additionally in accordance with a preferred embodiment of the present

invention, at least one flexure is formed of an elastic material.

Still further in accordance with a preferred embodiment of the present invention,

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



| east one of the noving elenents is configured to
prevent | eakage of air through the at |east one

wohewussso Still further in accordance with a prefarynedooos22
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enbodi nent of the present invention, the apparatus

al so conprises at | east one space maintai ner disposed
between the array of noving elenents and the | atch,

the space nmmintainer defining a cylinder having a

e¢lexable vei ehntwaydgiching rRﬂSHlOéﬁ thergly teruevsnt e indyidpg moving

t gg&g{ﬁl t whose
g#gg@ﬁgggﬁﬁ%EB&ﬁﬁikﬂﬁ? enoug tgéggg?d the flexures
and aAlhm;doeidedmntacmdlz[ltce dvittharoghep (pl’efmmsenbodlment of the present
cross-section is Sln}l@r to the cross-s on o
Spieptiofe As aarthation mefhgd &5 SFRRRENG A Y%{C% &b Ak aSt one attribute
SRR HTB HesPonds e RMIERE fb‘h&dﬂ&%@kh@tﬁb ofih dlgi@a‘-itmﬁﬁeslgnal sampled

per manent magnet i s annul ar. i1l further 1In
acmrh@élryoe agfartaree pmdf eIctasH, éwbndhwbn@mprﬁsm@ praqvidisgat least one
i nvention el ene

afE 8t Rt dY R, Ouf b Gt B a RO BEE L rorth atong a

FRPERIEE laxBIil r@psllgéh@ﬁﬁle&c&bmhgﬁﬂc fORe op&a i @Ricupsd ABkn in the
is disposed on at |east one of the first and second

giegense of gpahemaiing mesertislinid splechivaly prtelfieg pelgast one subset of the
S‘H;Qfﬂ% fﬂ?xﬁémg In{ :Strlgas H&S Fa%hl@%(fﬂﬁdnoﬁae%g % etvhr(l)tqngivisd%al moving
conp to

Ses

Bletrcan frﬁml usipmghbg it6 gihB geltdieongdgnatic Cff)rceo\t¢dag/1@g en@ ek and,
into_at |east one Iatchlﬁg position. Still further in
accortinglcronfioll ngapphieation of dhesletamasastioioreee the agshef moving

bl@)ﬁ%ﬂ{s' Ofhd t ARen glt gﬁs& fACinpat i hﬂg%rﬁgé%ﬂtfo?ﬁ]n the latching step

conprises a top pos tio
hamuhnyg p03|t|on and wherein the step of bringing the

array to.at st one latgchin ition nprlses
o1 no P if prcofian SO aoftc{ersd REDPGISEY HERTEEER HHetion, the
ﬁftd]?dblﬂ;ﬁfs@s 4 p&i br él@&rdsﬁh@ itk RAS i BN Sn@Hshed nBARINE: separates
subset, r|3|ﬁg¢ c@ remai ning el ements in the array

a

thet pin ¢fela1ich@omdo Hifrag lpséattngonsterlma@demﬁrmhehe latch and at

Ieralgt one %pegces eq(ir?tg%ef zlljrg %ﬁa{ntﬁﬁa%ﬁg?(f %stmgdf’gg g)é%(gtﬁgog %ngévg]ggy

are i Btill |ﬁ(ﬁ1tHer ifccardntoiit Mprett el eigbdlimeht (IMBe present invention,
respectively, the total pressure Eroduced by the

His\ATRY of m%rr& eempnts gRMpises @ 1grskic laysr wdmchﬁﬁ between a pair of

Q@Qt%cfeq ot eg&gl tﬁ@wggne‘#f rl%%& 'b? 9 ohi? of Bﬁletc?'?l pacer lerl?l 1S.

pressure pr novi nts In e SECO
subseFuifuartif acodrdinnae mﬁdaipﬁ:éelwdt dmiodineatterf rtbtd plesent invention, at

el EL isdter i wiRM e e G 57 B RPNl ar 1y

and t By Mvierth &lcERBALSWRRGDrdEi PEnBRYiMBEH of il Aesent invention,

natural resonance frequency thereby to define a
aideast ahe oftho trynrsds fnaeqﬂaetnceyl ustnggaydr (bzrrnmhm@tleclagplmgy
novi n n first and.second

el ect %88§1t°3? ch ih a?cccﬂ Cgan%\ef Vil i RiElgTTR | Rbodiggent of the present
pivefiddd, ¥elehs? oh@bLihe Idy@rsTOWiaRGfactured using PCB production technology.

Still further in accordance with a preferred embodiment of the present invention,
at least one latch has a notched configuration.

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.
8



elements into the top and bottom | atching positions
respectively when charged with a polarity opposite to

wo b7psweet erm ned polarity. Still further in pcT/i1L2007/000622
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accordance with a preferred enbodi nent of the present
i nvention, the step of putting the array of noving
el ements into notion conprises charging the first

electro-itgiig | at ch of each npvipg el enent included, i
i n t hetl fipdier spacerdagge with 2 perienred §mbgspesntof thopresrat invention,
B REGTRE B ‘ﬂa@ lc@ﬁ]{;}é@f?tio%h@%ﬁh ri‘lgclﬁcbs@ ef@ecﬁ%fjar.ea hiCél 'events air
el ectro-static latch®of each noving el enent | el uded!
frmmfj jssisgcoms reiaﬂldsaspami df] hlil?hpl@b? to tyshappasidce bet&Je?ﬂn ¢he moving

redet er,nj n polarity, and applying a sequence o
gﬁ@@?ﬁ%%@?‘ﬁhc forces of alternating polarities to
the apideroh a8RYdde HHBE PleforrddBRIdInéd & fithd Bresent invention, at
i nterval between consecutive applications of force of
tehst onared theomavingyelemgntels conBigured te preveiriedhpge of diefliregh the at
f\e é:[ho%n?li n% frequency level for the sequence, thereby

87 e reRdE, at any tinme t, anplitude of oscillation
of al Btilputieg ircdRoRIBhG WHIPS PrdféreddvdrabialimBRidfiial present invention,
resonance frequency is sufficiently simlar to the
the agpas ey alse gampgsestaf pastione ipase apainteiner diseasad hetyvepr thelarray of
e el | | '
KBRS S1ERE o bl PfASL Fac iR SRRt ifihe a cross
sdctivh, and twhetdie aclesist ené of the queigyelbusts comphseslaateidhgate element
before the frequency | evel becones so dis' -simlar to
?vﬁggercq)]sats&ptéqn S @ﬁaﬁgeggk P&X@%@?f fg:§.u{eé apg gdgad element mounted
{HRFHBGF WhBsel dEssABt it 1Y Sfeni t@ﬁl@'ckcﬁ@s&&ﬁ)n Fild1§11388r. S
of noving elenents, and wherelin the extent of
var i abirther of atdoeddnre guthrecprefeened endodimeepofdse posdnhénvention, at
gat ural resonance Lr g}g}gqncy range. Further in
: Eségpagﬂgéanﬁﬁ“t[ﬂa%‘e Péfetfed enbodi ment of the present
| nvengii furteR th Ach @G0T b RFerfedd ittt B hthd B¥enPhnvention,
nmovi ng el enments wherein consecutive rows are mutually
Hicimgeieag elsment hasufishand sesord sidesdfaing the first ang sedopdreads of the

j of e nt inv iagn, the at.least on

ST Db eERRL el 57 R o SEHAER by RLpGR pfAtcast one
ot 6iess andFsocbh@sides) accordance with a preferred

enbodj nent  of the present invention, the magnetic . )

fi el dFEERE incceydanenvith agrelsied pabedimenbefias presentanypntion, the
t] net | ' d t_| - :

B A AR M Dl b ol il BB 1y, o6 ncluding

brirggineg the afrag bfimoempretdnhants intui at heasoorierlalching Ipesigemer at or

accor tiilg o the clock. Still further in acc?r dance

wi t h F HefeidpRis Witht Pesferiaderphaddmpnt of thetiefeghinvention,

heat Rh&Rnelat&igh g&?ﬁt\{ﬁ{ donkseh R 1hRhDY PR Eﬁggg%m latching

the clock. Furt in accordancé with a preferre

posifoi ansnwhertint the stapesfebminging, thatdray, intoha least aye Aeishiag position
gogrﬂ%}esl%% gggl\gggz}z F’llﬁsg stugseet S(’)tf%?e ?rfovic’nng gl%ltnleﬁ/tgli tllg ta?rQ{z IR0 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
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.



specific noving elenents at a tine determ ned by the
di stance of the specific noving elenents fromthe

wa@envasseef the array. Still further in accordapcEmaméineoe22

10

15

20

25

30

a preferred enbodi nent of the present invention, the

magnetic field generator conprises at |east one

conductor. Additionally in accordance with a preferred

enbodi ment of the present invention, the conductor

conpr Furdher an aesiordanes; Wity aaprefesrad ﬁnxbndelmem pf thepreshetrinyention, the

ccor dan eferred enbod

Rt BB e, R T e TR, sl D B RY moving

tlemshts Oeraeh RIefie¢ af GudivRlvaD ARREL gdsdnan@t frk@asty @igeby to define a

conductor. Still further in accordance with a

pitarb rf‘rse@ar@rrtﬁ@awrémra%ge fon dhepdreayeqf mpyine glamsnts, y¢herein first and

f e ty Y,

503 Mo LA R EREORR Bl nieh S R nRE e Ymoving

ﬁlemsamtintlorthe idp and bétteen Jatéhiex podtomr Esmpwlgtw&d:n charged with a
gectrve degrees. tionally, addressing of

|y
Bropgedte; tﬂ%rae FARBROlgI Y Figs. 1 - 19 is

aC hi eyl riheP LM 6ida8cd WRh Q%Yéf@r’i&ﬁéjnﬂ)(ﬁﬂﬁéﬁ oq’fthe resent invention,
per pendi cul ar interconnects between select el ectrodes

thedstepudt pisting $hegaraay pf ooeBE ﬂg’ﬂﬂ!mi Md gnetimh eommises gharging the
whi ¢

A3t iR dheh S ot P S, B TR URe B sebsep with a

pélafie dppbsite tBABE predB@ithined PoREGY CHABHR e kEtoRd electro-static latch
preferred enbodi nent of the present invention, the

of eaghrmaeying elepsnt inaluded i the S@r@@ss@é@t rv@th a polatityeqpppsite to the
8(9[51?!%1&? %&ernyfea)%gfégﬂlplﬁ%l %nge? e leEtlggmgé%ﬁc }‘orces of

udeé |rst an Seco

glerhdtimpspdlantiesgtod el argntof anovsg sbahdmjal whdreihhthe time interval
Still further in _accordance wiith a preferred,
Refsen srvsecube apRlicahitset Torch wE Hici sgpe Pokasity Vaigsraver time, thereby

e 8 chidgiie &ﬁﬁ RIE Bl @\fhé}gb fo fihEESRL at any time t,

Cross- sectlon c nesses. Regardi’ng term nol ogy
asplitubie o€ |0|sc111@(10myf allhnevihg I‘eﬂﬁﬂl@lts mhem:‘d edlitidudl ncdturdleresonance

ny set.o g.el.enent s mhose are preferab
BRdsBEt T B Ry SR ey iR e e B rdh freauency
10k ¢ aPBes ENAEME) sISNAS chabldahé B8 Porsunhensy wﬁamehtsrmrbse natural
be planar or curved. Above, Below It is appreciated

Teienaneh &regeanas is sibblae'to didcurtsal Gwquensyl leved 10 bR datalred before the
t“f'g@%ﬁ?}g {e%?]lqbee%gl?lgsms nglst larn,g%he& }1 Fra{ ﬁetggd%lgg r};lgqé{ency as to cease

recti on 0
Bleasing shel Snplitudensl cdoiiatihrovede setthoSmoeiag ekalenBeadd®herein the

gxa}rgrﬁ gfn Ci/ariation of the frequency level corresponds to the natural resonance
frequency range.

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.

Further in accordance with a preferred embodiment of the present invention, the
magnetic field control system also comprises a magnetic field generatbr 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.
- 10



alternatively the noving el ements may nove al ong any
desired axis such as a horizontal axis. Actuator: This
wo eforsssd Nt ended to i nclude transducers and OpEEIL2007/000622
devi ces for inter-conversion of energy fornms. \Wen the
termtransducers is used, this is nerely by way of
exanple and it is intended to refer to all suitable
actuators such as speakers, includin oudspeakers.
Act uab8H f @t@@haecorrﬁn@e vih mpreferred @ﬁg@hm@@t 9fril¢ pugeendiryvention,

URQIATE < BL RATRRARNLS Akl i¥PURAIGSL T coni unct i on

many suc orns an actuator, each

colu rrﬁu:nttl;mnn: atdoyddnoe hirdi meﬁrm wmbgdmieatreﬁthﬁ peespat ihvéftion, the

| atches or "latching el enents" therefor, ch latchin

BTRhBAT 3 ?Fatfijdfiﬂ}ﬁigwg i, thepster q§| finelul ale g comprises qatching
5 'sﬁb%iﬂcaﬁlb%?lg %én@at@ﬁﬁ@ ' (ﬁielﬁﬁﬁa 't 1B QidediRe 'B?\fheﬂ %)emﬁc moving

el enent fromthe Co I'sS appréciated t
allf:menttsaftqnngleetleetcwﬁxhagnml c force applied to the array

SR TR e A B i

¢ madpnetidé AEIakhabioR LORPides aflehdt OAE cidugted to produce
a magnetic field gradient which is co-linear to the

desi r Addiivasilfin n‘éﬁtcptdﬁln@ﬂ‘ wuﬂe angrefieged| embodimentTiof sthe present

current m r| curre nt, fl vvlng t hrough
10 g‘@‘ﬁé ‘é?e O cton QR g st oneiiiticr i ve

el enEHﬁrtl&fr i@ aycoeddnes w&ﬁlatp&bﬂeﬁe@ @ﬂlﬂ:}b@‘lﬁf@ﬂf bDthe prebbf ih@dntion, the

"coil" is_used throughout the present specification as
BigRstisrfinld SRRARKOBFOMRIISeS ablSATI SEIF DOBET soNiEe EanEraied &0 plgleast one
5Hﬁ fjon to limt the invention which is intended to
I'nclude all apparatus for applying an alternating

el ect Sn]rlnﬁgﬁat ircadcordaaceewigh a psefelestembelimalitamfehe pdemt invention,

oi | used to ate a conductor, it is

i
15 %1‘3&%5&8? @H‘r‘fﬁ%ﬁmﬁfg tor may have any suitable
confi AUARLhALY SHCABRIaRL Wit & PreRhBE" eribRBGEN T | '09 ut‘h@ present

or substantial portion thereof and is not I ntended
erention, t te Bthwmmrwpaatedmﬁphmebgbmﬁ qlqgr@st urns.
unnel s" . _These

Ch | s d .
1 s Pponalvs Sl g e ol Al FRrs B e ARG Dgf Fil Tor 18 achicved

B 3iptifingt M6 pat@ded QhycBe of hepegtpBiculah Satct@MBectfNbetween select

electro-static |latch. Includes either the bottom or

20 ?19@fféieé(ﬁ1]ﬁ051§tabh sighalt pwcmngmneﬁxoda eandj g smemory device at each

y its in
AEERERANS BBl SUROL DXl MG By DRI e
¥Ioeb”ﬁhxﬁate:onst|tute a pair of oppositely char ged
el ectrodes. Fl exure: at |east one f|exible el enent

whi chAgdsitigngllyc tin %CCH&%% ith pdrelered agmbosdiento g “the present
ﬁil%gﬁtﬁ)% oﬂ‘hefffeﬁﬁx‘éggﬁeqon Iﬂg[lﬁ &o%??etcu&k?] ect, for

exanpl €, one or nore In or snall el ement s
25 peri pﬁmlwlr ih cacmrdaﬁc;zpwrt]alal yrefenteégami:bddyn&ﬂmfeﬁe guregent invention,

Ihe ?lmxures 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.
11



single sheet of material, wth a central portion on
whi ch anot her object may or may not be nounted,

wo brakiesd 0 i npart at | east one degree of freepOmM2607/000622

10

15

20
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30

notion to the central portion and objects nounted

t hereupon. Latch, latching |ayer, |atching nmechani sm
This termis intended to include any device for
selectlvel¥1 ocki ng one.,or nore noving elenents into

£ 1 xedApBe Bl ypnpaciajed thekbe ‘Y Sbotl ond "belewhangihe like
neég&?h&@ a@glﬂﬂlngqﬁat Xﬁlhﬁ&r )b\%a bp&aﬁ}ﬁlé'tﬂeﬁdﬁl&%on of motion

not be one he ot eac
bAyler mavedgu dbmentselsoup I'Hildydd\&t dhmgemﬂﬁm aned mot \hhl t;hh case and

may or not corre ond i n nupber to the nunber
APty <Dl Braivine Lepelts g e 2 25078 s Cting Muﬁlmahorlzomal
hsisa pair of latches for an individual noving el enent

e.g. including a top latch and a bottom | atch, which
may béckiwe: E!;lisstiexm iangtendeddtonorlude tomedwmespartdnether devices for

n nts: re intended. to l ude
R aBvueHgn O Rt S0 i AV BOnGe Pt oap ety vard. tis ¥ Ferely by
hay FRR&AEHY DACK iaffedded th réfeP RY aRBuAKIIS abtlatoRSARASA speakers,
to an alternating el ectromagnetic force applied

tqqé\dertgdoumvalwgs el ements are al so terned herein
m Crgct?ﬂ{%?%% S}J}‘géul)aéﬁ* §s fnten'al: o 1n ﬁ&ié‘?{iﬂ? r'<,$olu’| " of components

"menbranes I'n | or co I've

wmch; gpRally Spangﬁm;tloalvam memm@ler wa&elmsnfoaun@ %th'étiuator, each
clude a eIe nt or elenents mechani cal |y . .
PW?&W}F% fn@sapgwr%e leygents @Al Oéﬁatf»lrfé | "tatelHpg glements

ARELFOVIRTa® n%ﬁg%%ﬁen@@cﬂ: wp &BQ&IQ@OE@&MI% spacing

Preferfred nments o present 1 nvention are
maleuigk sepamting thetrtn@uﬁg)bllemmntrfgormtlmm ngs: Fig. IAis a

zct et ot b APaetaea b Pr el Eat R perinee: farce Spplied (o the

506 ARt Neds i Ab@rigde SRP ] I piEBe P EmbDENRLESE 'ﬂ{e present
invention. Fig. IBis an isonetric illustration of

mverijonomayoe gﬁgle@rt@hbmag aifenﬂtlgg ot nsltrmdtr@gtednt@ produce a
PREACRL IR bRIBGESREANSRolobl) B BE SLSENSKLAPRSLET OF il moving

sen |nvent on 'n

clempiits. SeThid ¢regriet cuarelt a@@hcmﬁp@s@nsﬁﬁ@m Mesvih® thfcd¥Bl a suitably
except when, |l atched, alternately back and forth al on
arigdrandpcye g1l o icAndustipe Alsmerico Ry athes swikatiaepnfiguration.. The

kﬁ%gﬁ?gﬁ I@g gﬁrotl%:(ﬁﬁ t%pg}reéﬁgl h‘pﬁlfi%%ograrsaXn %g( gpl\él Bvever it is
apprersatedathabthsreos noahchien talisit thicineentamdwhich is intended to include
all apparatus for applying an alternating electromagnetic force e.g. as described above.
When "coil" is used to indicate a conductor, it is appreciated that the conductor may
have any suitable configuration such as a circle or other closed figure or substantjal
portion thereof and is not intended to be limited to gonﬁgurations 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
latch which latches its corresponding moving element by virtue of its being opposifely

charged such that each latch and its moving element constitute a pair of oppositely

charged electrodes.

12



operative in accordance with five alternative

enbodi nents of the present invention which can serve
w@sooahsmenati ves to the latch specifically shoper/ineoo7/000622

Fig. IB. Fig. 2A shows the array of Fig. IBin a

first, bottomextrene position responsive to an

el ectromagnetic force applied dowward. Fig. 2B shows

the array of Fig. IB in a second, top extrene position

res pthﬁW@: Pble_%ﬁ% oBF Béﬂb_!ﬁfé@%@ti & Wgwgénémﬂcr B dmparting

i Bast?nd degtbd bl Heeddin %ot B EER lobjddat foP %?%rﬁ{)lﬁ,tegﬁ‘e or more

I ndi vi dua ving magnets I's not responding

pwaledhinoorcmdiled@ausds pérgtherahdo wndlypicalipgntegrail g fdrated egd from a

into it op . extre osition. by a correspondin
SPeB el oL REIGILF Spp SOt BOVIm RS A PO BT CIHR P g may not

5 BRaRhtedNthefdBHab iAPARE REstDeQRglR T rechib8 S Mtion BChe central

are respective top, cross-sectional and isonetric
poieies and objeeik awadted theasupoh. novi ng el ements each
const ¢ ai t.ravel  alternatel ck and forth.al on

o1 oo bBeP Hishiy b Rl SheE it AR e e g Al any
atded fansgatiele lookiag cappdr fGrd endvidgy aleh@)tsOintdraviixe position.
el enents by a coil wqa&ged around the.arr%%. Fig. 4A i
L¥pigailve x oo @ad) "betiom datchingdaywa ety pravidpd evhipl mayi begidmby side

10 d el Botlngé/ g aﬁ%ﬁg@n&ﬁ%re%ﬁ &GO ggtélg.{sl% g%{e? Qnélg%\ég(])r}enor many

alternate back forth al ong ve

hatchirgnmechianisars whick mat onmagl e conemonédtin uidec® the number of

applied to the array of npoving elenments by a coil, and
‘é‘% g’tgc%,emf’%tls nadbsdatchedq Jde tea%ej%ﬁﬂ? \Pélr? ds Z%P%tﬁv@@es for an
|G BuRindvERSLILAAR W BREHIAL ok I SUEIE Mich, WhidH may be

| east one chi ng position ther to prevent
sidelby sideahd nepdinog bebenanp thefatlm r espondi ng to the

15 1 owchBrE Priseral o o7 ehiet & il mibinegemgps cach

ERBirdintd Qo aRF GREARAREGE Atk hind RIr@f 8lohe dare ARRIINTRRboIRE to an

the present invention. Fig. 5 is an isonetric static

Ylespating ¢lpeiramagaeicoforde \eppiedothemite, Miningoplsmenist avel adged termed

rat, | [ or . WL a¢ nhodi ment. .qf

RASHE LTs WRaREECT SA06P, VBRI SRR T lany o
elrovndlp) dndl Tpastomed. of thin foil, each noving el enent
bei ng_constrai ned by integrally formed flexures

20 surr oOPRSETSg 2fsp. tepmegl "space dngiptaer odeduds agy sfement or elements

[ f . 0 ' - Fi.g [ .

RRAHRANP ma Rk VB eolRAF helich of Tue ol BRE rovine
elementsr especti vely, of an assenbly of noving el enents
and associated flexures, |atches and spacer elenents
constructed and operative in accordance with a
preferred enbodi nent of the present invention which
reduces | eakage of air through the flexures. Fig. 6D

25 is a BREFsDESERIDhIAIN OFelHBORAWINGSar at us of Figs. 6B
- 6C showi ng ,

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



three noving elenments in top extrenme, bottom extrene
and internedi ate positions respectively. Fig. 6Eis a

woe@gendseger Fig. 6D. Fig. 7A is a static parti peTAIN807/000622
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view illustration of the noving el enent |ayer of Figs.

5- 6C. Fig. 7/Bis a cross-sectional view of the

nmovi ng el enent |ayer of Figs. 5 - 6 taken along the

A-A axis shown in Fig. 7A. Fig. 7Cis a perspective )

VIVERIQF 10 W chﬁ@qhn@ogpg Siement ERPRRTiSsH 2 ppagact and_eaglgis constrained to
o 0 di v I . . : o

SOy SRR, ASE BN AR i BT TP axis in

fdspempeet ent dtednatipgacldctounagnetidc Hercpl @ppdicdf tot e thrayn of moving

f4oi | . Fig. 7D is a perspective view of a noving

&1°BIFBHt | ayer constructed and operative in accordance

W th gppsalter nat ik e RpiRd #BNiewillif@tibEESL Miches constructed and
i nvention in which the di sc-shaped permanent nagnets

operatiee anbowirdanae voith HvgslteBative Embodimentd af dlek byesent invention

L ng- sh d . Fig..7E is .a.side vi
MR B ETS A GBS 1 ERE P et nLho P e Fbr  Fon
of anFighdAwhdwakhdmmdynd Fed. aBeERta first, bbgorf RREEthEBHiti® responsive

Fig. 7D. Fig. 8Ais a control diagramillustrating

ot ¢letromragnpiic foseecappledhdgwaiatthe coi | i nduced

el ect ' I . ' r in. .
e BB A5 s 0L Ll B PUATBAE g sponsiv
oaam detiomageeticforscadppliebepaatduat ed col | ectively,

S AT ekt Rl AT e

Rt AR TBR RSy A DL P Rl s o

EXtramse pasitiog by proefresposdingetlbaidc whergebdisposedtabhveghe individual
contrall er, ma r.ocess an i m ng i nput signal and
%ﬁﬂg&la%%?‘ﬁpg/fugf%% %S'aqu\?a_gﬁjes accordingly, in

gr oupFigdian -8SCi fre desjebiVd tdpedrdsiRedtioan@hnd iRedetric views of a

diagramillustration of a processor, such as the
E,lged@ésag@y of @O VARE Flegientg gaclypenstaingd i &pvdl altarnately back and forth

AP SLGEARSHIh 0 o BN O B RN 58 e

descof hednf elegientsfiyg coBlBviappeal owrd thé agay.f | owchart
illustration of a preferred nethod for initjalizing ]
the apifafatriiensrplpfekviey of agactupfog degiee inclyding sppmgy @lgmoving

1;1%91'3}?{5 eh&h ¥drfSWainkd HEERE LRI ALy AR SSE o %E ?é%?%ctive axis in
ystem const ruct ed and operative I n accordance w a
pspéree teah atdnoadingestdctromagindicdoes eppliddrte élnt aroay. of moving elements
by a coil, and a latch, formed as a layer, operative to selectively 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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Fig. 8Fis a sinmplified flowhart illustration of a
preferred nethod of operation for generating a sound

waolSiongsppar at us constructed and operative in pCT/1L2007/000622
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accordance wi th an enbodi nent of the present

invention. Fig. 9A is a graph summarizing certain,

al though typically not all, of the forces brought to

bear on noving el enents in accordance with a preferred
enbodiligntoBofnd RE fee Jentrspasiishviayn illysirgtiorn Bna? gnaexploded view,

éﬁg{:te‘{?%f ?)f gllnc;ts%nlltﬁg 'f l&léﬁ%é?frebn%?tesﬁ 4% rs";)accilaqg Pg{(}fge? n1atches and

uci ng er co opefa
3p&RE damﬁtsvmohktn&tem afdecs;feeo:ii\e rh Qdci:d”f&:ﬁice afith Hpraféresefthbodiment
ilrt]ventlon Iﬂ% - 9D ilJustrate the magnetic field

Gf i aesent iy Wdﬂuﬂu educenlealrage od ais diaugh the dexarper  of

Fig. <O Ckih ON
illustrati o%s gfjc Q)z}slsg%t?hnlﬁingglk&}a{)/gﬁgs tH raag’[ e&?lz)l S 6¢ch§én showing

ireé mgoehg rmmtentpar tiof ievtrexde,i bétons exacmk gidoingamediate positions
charactglrl zed in that any nunber of noving el enents
ctuated by collectively actuating sel ected

gr oup$1§ 6Py gi[gg@gdfd}%%agﬁ itioned groups, each latch
in the Tatching | ayer being associated with a
per mafégt7 Arisgh stiafic whiabiap vikw ibostesionfofaht nwivitghelement layer of
@ernan magnets in the latching |ayer are all

Sht i ca ‘l'y disposed. Fig. 10Bis a sinplified
el ect rripi TBds agcrr@dmaéncam alefvebNeel EviapRAGH IR MyePlbf g, 5 —
| atch layer of Figs. 1 - 10A in which each latch is
T%&P@l%ﬁéﬁ*ﬂ&%éﬁﬁﬁmwléﬂlﬁ}g The | atchi ng control l er 50
of Fi Leil.at t.h
shomg%‘%Sfbée léa%r#uﬁsgr@ omgl\?gr 812 htee@h\é %rﬁénqng%ﬁa(%fglj ﬁys - 7B

othesdin siddaitenl aonvinggelemtntds sl&&vrdﬁ@@fnlgb@dJaftEt’oWam ity b extreme
| ayer of Ffu}%‘ (],ﬂg conprises a grid of vertical and
RBFHoR kI thakiits dlexires FﬁF%uﬁ"MﬁféP%‘P@he plagapethe tein feib a

juncti ggh Tols opg gn L| nd\lhé\ivduak glg\t‘égt er e‘ﬂeﬂ%’ a?rncéted and
oheator rlﬁswnthnn@ wWidit g altemhtiegembsdiprea loﬂeid: pieeng 1hi7@1t10n in

COL L espo rtical nd hori zontal wi.res.

P IR P HS e e e e B ) Figenine 7C are
wiRstel Yy rie-shfedpetrRiMenPinhgfictd. N UNi - di recti onal

speaker aEpI i cations wherern an i nput signal

r epr eSent/Erigagidgedew ddusyrationiof the rfbéeﬁevreﬁrallmdobentmh pegtion of an
d‘?ﬂﬁ{?ﬁ S d&&%{)&éﬁggﬁg (N q‘fofﬁ %ﬁﬁ‘ér{t\() ccordance with a

erre res vention are

Cont r bld. 8d 1sespansi ‘dﬁigyam Sl(DusaﬁtlﬁcO c@hfo&idﬁ the R@dhasl and of the coil-
patte n i n which the voI ume in front of the s eaker is
Yriugecerlestrompgnatio fafes fofrepaticla prample 1 Whichihe moving elements

lclt%ta‘}&'rlg&i i ?{'8 sbcﬁhtrlgm %ﬁffp %i: @Etgffij:l}wbte B RaRE OB %(mélgh Wtherem each

magnet, e poles o he per manen
latch in the latchmg 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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the latching | ayer preferably all or substantially all
being simlarly or identically disposed. Fig. HBis a
woeehendase il lustration of an exanple array of pODWL0G7/000622
elements to which the timng diagramof Fig. 11A
pertains. Fig. HCis a timng diagramshow ng a
preferred control schenme used by the |l atch controller

in orml -directional speaker applications wherein an
i nput Fig gfal isr apriewlfied rigovechgds ilustratiiued ¢ sprefsered vimgthod for

Wal%‘gqtﬂga% ?{][E%Pﬁ st gected and operative in

accord a pr erred enbodi nent of the present

i nvenFigor8Faise aceimplified ésbnreaspoiesy khsyratiso ofisant E)ss@ﬂﬂb]ad nspeaker

a sound pattern in whjch the volune.jn frgont of th
@ﬁéﬁ'&l&@?nrp Sn%qdarperrﬁlvmé ag6prARec] With ) Distetise capbodiment of the

5 ﬁ}é@&ﬁlﬁ{{@hﬁ&lthe speaker Figs. 12A and 12B are
respectively sinplified top view and cross-sectional

vi ew Fig 8Ktis atsrmpiﬁiadfﬂdvrrélartullus’mgttleh eﬁemreﬁeayda metlm)d of operation

ccorda ce with an alter t|v

ARt Nuiod sBerieo Rl spb TPl SraraHaf immsprignce with an

eﬁw@dlﬂleamm@bxfesmrﬁdanm{ e downward. Fig. 13 is a
sinplified top viewillustration simlar to Fig

excepkig Ratis ra@rrplbfrmmnelw prifféh tltheleghety Bickiy néfell, , oFthe forces
10 Ll%r'i%gﬂt' tB%eLuﬁéfrF #no@l;n%t éxﬁ&ﬁ? ﬁldac@ {dwcep\g t? alﬁ%@{rgd 9&90&1&%m of the

inn per manen
bﬂ%@hmn@nh@yer are dlsposed north pole downwar d. F|g
14 is_a control diagramillustrating control_ of th
| at chB&: § Rds amm@eg@rtha tstraderel 3 Brearsiistficd g@ﬂ@@t inducing

%1 Er BoRBLLLE Und o ﬁﬁ%' @ dddoMiahGh VJIIE) @%’ i Vgﬁg’ﬁf}%&lt of the

e arranged I n ups that can eac
pesediedgngal.| ectively, simlar to Fig. 8A except that

hal f f t per.nmanent gnets J tchl Jayer .

are dfgsodea” ST depage i el af HiRg fhggtion of the
edndub@vePeyerirgry. opagnets in the latching Iayer are
di sposed north pole downward. Fig. 15A is a timn

di agr Bigr Rdwihg amphﬁﬁcbrtmecrlmﬁ@crttﬂnals elhetretum; of ab?atwhm layer
Llﬁ{aﬁl ca? nét%kg%}é \%QV(I:% %'ln}nglﬁltﬁ] %&}tlot%g uﬁrg verr]al %mgP }}aéarﬁterized in
ﬂfat myOnurbef of xR pig dlaént alak b@factuh&dﬂﬁ'rd(ﬁﬁeﬁmel)‘mﬁm}lg selected
in the latching | ayer are disposed north pole uEvvard
20 grogPy KON SONG thg Pralifons grREDS, cRpk laish 1ﬁfatg1}ﬁel@f§

ST B R A 0 B U sy o
imothe l@cleﬂlgalaemeﬁe blb idehticdilytdigposedmi ng di agram of Fi g
158 DB 85 TSt P PRSI A

15

ing laper being

térnative embodlment of the

latch layer of Figs. 1 — 10A in which each latch is individually controlled by the

25 latching controller 50 of Fig. 8C. It is appreciated that the latches are shown to be

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

30 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



di sposed in top and bottom extrene positions at
different tinmes and as a function of the frequency of

wo b@7iisgees si gnal received by the |atching coneeniil2067/000622
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of Fig. 8C. Fig. 16A illustrates a novi ng el enent

| ayer which is an alternative to the noving el ement

| ayer shown in Figs. IAand 2A - 2C in which the layer

is formed froma thin foil such that each noving

EPYREYR 1 gaptflass with @nmeéfrrrqéoﬁmbwrr@m oﬁ mlaer @msqmtngwentxon are

QQﬁtHlf%ﬁ% S ghsg el 65% as%o lt)t.]ain a é% & g&m Veevt on% hn front of

novi ng e Brent yer s ‘5‘(‘,‘ n

el G}bEaReIS e gteata thhreXn hitﬁex ﬁﬁ’éﬁ Ie&bh Ga@h 1huﬂ>1beratcﬂ21ﬂ{galdyer being

of ena I|ng notion i.e. there are rlgld di scs under

EFECIRRY NN £ permRigREagRGNdyEe pRSs of gl dhe pemtanprit magnets in

r

il/l?eeviet%hﬁg 'T%I ft}gcref;eg%'lydng dyrgem&%sttﬁ(t) ?Il){/ r]]'clglcrl%%l\‘?} ﬁgmélﬁﬁggc;r ld%ntlcally

disdosedr r oundi ng fl exur es depicted in Fi gs 7A - 7E or

oo, T Bl T B B S0 R et Ok Bemens

Whﬁ&rtﬁé‘hm‘ﬁ% &19g1‘aﬂleofq39 alrlﬁt ﬂé?taﬁfs Fig. 16C in which

flexures vary in wdth. 17 is a top

cr ossFigeddConal tlmmwhagrams afumgm podferagd eﬂrmlayr sclfieme used by the
ug Iements i.m.l ar he ar

B Dol T bRyt Pesker aBRERYaR yiidfipeaynput signal

rdpekisentthpala EI@éﬁieEigscﬁin&m%l’liéi:eﬁlfédI ah& hasviag ecle@sME Cédn¥@hdted and

skewed so as to i ncrease the nunber of actuat or

BPLRYR & areprdangs Wigh @azu@&dreﬂn%b@@weﬂf thee Breseriginvention are

ERo 118 r(%: ggnsn;lez 1,364, W&&%g&dsoﬁ thYé? \lv?ﬁcﬁ%@\;ofhfrge th front of

rectangular arrd Fi an” expl oded Vi ew 0

ﬂietspeakat iswemiartio dlermﬂnﬁme)fn dhotherr ayasaﬁrra@ﬂdﬂ@ e speaker.

el enent s the cross-secti.gn of each actuator
el enehtts; Lln‘%&‘&daf& F‘i?trﬁ%?recﬁ?‘ﬁ’é%“mﬁa d tgn ygewiagd,cg)saﬁectlonal view
HRRIRYdNs Of ¥ RYviRk e&?ﬁeﬂ@ta%@m%@&ﬁﬁﬁc%%% hl'ﬂarﬂatlve embodiment
support frame providing an active area Ich 1s the
guwhish haffeofatbt ipeenarcensaghets hee placidvaatiapolaatpwatdand half north
arr% DETAI LED DESCRI PTI ON OF PREFERRED EMBCDI MENTS

Rolg ¥38Wﬂfcal field of the invention is that of a

di gi t Blg. 13 aNcspRfie®iohaYew? {llus@astSE i@k S to Fig. 10A except that half of
el ectronechanical mcro actuators constructed usi ng

thepermangng magaets rin dhe lasehing davin namélgpctsgd mosh yoke umard and the
f;egxﬁgr&gg Yl'aﬁ” %‘cf t]keoi)erﬁ'laﬁ%rﬂqn%ﬁ e{s &%h% paéc%fg 1? a%%p%r? & Sé)oFeéic gonh pole
deenhwall. and i ndustrial sensing systens, optical
SwWi t chi light reflectign for dsplay systens a

and
any oF’rge é§)6|qog‘ggl| digerapyillustrating 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.
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requires or can derive benefit fromlonger-travel
actuation and/or the displacenent of greater vol unes

w®booflis6680 €. g. air or liquid relative to the tpenaducEN0622
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size. A preferred enbodi nent of the present invention

seeks to provide a transducer structure, a digital

control mechani smand various fabrication techniques

to create transducer arrays. wth a nunber, N, of mcro

act uaf & 45Bna sshemaafici ustiasion of g cxampleraitay «f rewing legents to
r imary layers which in

gxelgclﬁglhﬁﬁen%%ﬁ%rg @ﬁv%dtsg“%gtﬁg{ﬂ se of a nenbrane | ayer

fabri Eat eld(bid aopraph ndberirgakhafgepan tthe uhuaibel avf- fatinguelements

roperties that has t i cal bee er.ed on, bot )
HisResd i fop gphottony sire m&ﬂtlﬁp Etjﬁébh@f:? ekEA F%@%on of the
ABGcRt £ bethe Wi sRnAUBRSYod ay thetatamngfmoﬁarM§ Igte

| i ke" shapes, so as to enable portions of the menbrane

bi di r Bt i I§Walillusiraigara m(e’mgomemenhdﬂb’em&ucl( tihen alternatlve to the

A5 e PO B B TR PS5 G RED e o

@h]laﬁtfeﬂl s(lc&flﬂluﬁéd@h 66V eleflenNesnbirased Y cbAEAdriidPaiadurddunding
by sandw chi ng the nmenbrane | ayer between two mirror

PoRigas- support structures constructed out of
di el epiri P ' ) R
i moul S Ao JTRLY Ao (e B 1Mo by Blonlepl fvey g n s
bAemid 2 y 2€] imedhichr ouldet bﬁﬂeﬁbb(maieuall’b fublesr chpa‘tﬂé‘l ef Bhabling
ser ent| e etchi.ngs of the nmenbrane and tynpical

bR Let eT5 355 Reigises raes thsapasich thmagney ﬂ@&h@@ﬁﬁe rigid element
g‘htllgﬂ%}@gg{betﬁglggg&gﬁpl e Wi th each serpentine etching

he  menbrane. Further affixed to the outer surfaces

of boFig 16fe is apisamerib yiavoot 4 prgfearsd embotmnet pHide tmoving elements

i ool foule S Rlshilalin 87 s 87 o1 A Wil enures vy in

{hiaead¢sessabl e el ectrodes™), which serve to attract and
hol d each actuator as it reaches its end of stroke
typl chigl V6B i lsmm ypmgtrm Busiasionanf @ eordrgftective qéivingéve to the

| C nce with a
atetéredﬁgn]’oo I'me )X'??“ls Jép)?gls\gfl:ldt%l nvention is now
des crFigetl7 wid ﬁ@p rcecfseisaﬂmalt \Eie\Fllmistrah&a of An arrdfcof 8Auator elements

3C,.. 4A, 5, 6A 7B, - 8B, 9, 10A,. HA 12A, 13,
sigilay gn the]ggpey. obe 1g1-f}A engptFt}h@t whereas 1g Lig, n%,p{:qpépcutwe rows of
QUEBLXY I8 1n$0f%ﬂﬁh{s ocref?{c'hﬁéﬂ| afdf regé;é%tlgéz &Ewed 59 s 46\ increase the

depicts t vement o e novi ments un
ey tif acfuatelr @lenrdngs thaBcahelpm pdcked hﬂo agreaeata,ahe tdves in Fig. 17

same .novi,n nts under an opposite magnetic field.
R roB e BECT N eSS i tpRtRRE Hov ng. ol enment <

under Fx% rfﬁgi@ ea{d explb&lddvieh be aBNBtcBlaBGE R dirsert NAT A8 array of
Fi gs. are respective top, cross-sectional and

@fémzss@edcmvets Vi exkichothe smess peeionr ofezicl rbodiomelement ist fypare rather
%r esent, invention. Fig. 4A is an exploded view of a
&V &% onst ructed and operative in accordance

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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with a preferred enbodi nent of the present invention.
Fig. 5is a detailed illustration of a small section

w@boorhsese8evi ce constructed and operative i n aceOr/t20€®00622
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with a preferred enbodi nent of the present invention.

Fig. 6A is an exploded view of the sane small section.

Fig. 7TAis a pictorial illustration of a serpentine

and noyj el ement s subassenbl y constructed and

oper atvest S EPESE BTN P ioRED it Efuliiven. of

the present invention. Fig. 7B is an illustrative view

of a single elenent, constructed and operative in

accor daadehnicahfied pif éieemvedioants dlat w mtdigifal tlaesducasardy of long-
invention, in nmotion. Fig. 8A is a block diagramof a.
SR e Rl Etlr Rt arRAtoEn QO Er A o FbdedisdmAgals and
\WchhiqBedloqlr6duce tow THQ WeIRES foph Wile vIM&S 8Nhp IRUEHS) Qth as audio
Fig. 8B is a flow diagramof the speaker system =
spresensubroagdizalddispensingi applications,coediaaicandvintlistiaal sensing systems,

referred enbpdi.ment of the.present invention. Fig.,.9A
B EPAPRBE RN R lholn bl uftieSh et ihanh gk sPticitton tha
e duires entarf a¢rb@sbeapt fiesh logdriteavePYdéthgtionl SiRiHtEe dfspBicement of
1A is a grogﬁi ng vi ew of t he el ectrodes construct ed

grrates yelugics ¢b1lpig oap @ dinuid ralative B the epryduess size.

enbodi ' I -El '

el HIBAARESd AXEOE Ry 81 Byt b st

arooudancdigitlt dontropmedchanisd b ostismwnfabitationeteplirdg@it to create

invention. Fig. 12A i Ig)ustrat S magnetic properties, of |

HEUHEETe RaRen Pt 8 NURDSET (Nor ALUTISE AQURRES] e armay is. typically
[ ig. b | S upi: e d :

OB 58 Al 0 RS BB B SRS cran

sinbpdinfentsdwbilld céomtirssgrafna oiembrenes pryak éabrisgtet emtiaf @amaterial of

al ternati ve .addr essi di nt.. Fig. 15A i,s a . )
PP RHGP LR BRE POl BoF 3 TP itvefha, et orboth sides with
paiviediapolar afbfled AafndtR @abifRd hn® REhb® Wil al@U¥BVNNGS unique
el ements subassenbly constructed and operative in )
areerangan dikeWshapes spraefte enabde poibods Abthe ro¢mbiage pidirsetianal linear
i i ' [ [, i Q f a.differen .
SO o8 MoovElpy, SR8 sbfiafbof e, ARELIORA. Bledh (VA & B moving

Bdothoh bifeths uinsibraieeisCcaurginedi Ghietin ancha@idef @ddtikor Ehannels) naturally
ccordance with a preferred enbodi nent of the present
fornet aisallxwhyr eandwichiag thoy membrang, dayer | hatwesny five miiror image

afpn &fucﬁié@s”@%{s%ukt@d %@%ﬁ&i&w@icg gﬂ%h}i%il}ﬁ{ér or any other like
C S an a

tructe operative in accofdance w
prsefagng eubseateoatie mgritalf fahecpedwehtN preesolyi sired thioggh hdles equal
illustrates an.array.of elenents.in a uar e ; .
HAUEDRE T i ThAPERIGE eBHGES (s B WRMDOBer S by precisel
PEGE6ANESR ]'B:ﬁttteﬁ ¥hRhEfeisad afpRogiciBMough hblRewRR @8& Eerpentine
I nvention. Fig. 18 is an expl oded view of a snall

siebingor bF membmbodivrtet afidiedgtosde andershiafaees ef bothnths.top and
oy 5 39485 AR RS gL bl s
auchi @\ceddidiive w@hs bnigae(“padrt&abIs e®ictrodes™), which serve to attract and
hold each actuator as it reaches its end of stroke typically by applying electrostatic
charge.

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, 12A, 13, 14, 15A, 16A - C, 17 - 19.
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i nterconnects between sel ect el ectrodes and uni que
signal processing algorithns which typically

wehdeasicsel y segnents the total nunber of act uptDIS200M000622
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a single transducer, into N addressabl e actuator
groups of different sizes, beginning with a group of
one actuator followed by a group of double the nunber

of actuatqors of its previous group, until all N ) i
act uat' & slh i erronesRival yeerew Af e peal ssetiqyr el fhsgdevies- Fig. 2A

g%ﬁi@tis @h@ﬁbg@}%\d&{t r(])? El{e%gﬂn% E?ﬁeﬁ%ﬂﬁ@ﬁl’cﬁaﬁﬂeﬁc Rl ¢34 by depicts the

conpasse awre en el ectrica
owvemant 0f theppineethovmgedementamndéreart oppesita ahagnefic dlett. Fig. 2C

cr.oss.the entire transducer. The el ectronagneti .
AFRIFS (b JBeKemeR folie RO PR SIRCRA Qe BREnsl figidowhile one

bR dsYehhiged Fib§1eB —f3aS e QBsebi AUGD, EASs- @t Ahd perspective
channels. If the current alternates its polarity, I tp

viewse$ onhprefoedregnbod meny bf the@resentinuengiono vi br at e.

When el egtir.ostati,c,charge.i s, applied to particular. ]
ndar oL EaAraSEh BPaGLALTES b e ARE Rty BR byt flip ageordance
alith aamtfeaded embodinidnfbf te Puddehtdnl@tionakigt hes £06taiddd HRSration of
stroke, either on top or bottom of the support )
asmgisgeteon of e devigasewsturied and opaghye dneqegrdance with a preferred

c . . . vi
PROMERHPE! the SbecRE hitioh, FIE (X PPARERIBRY RFQAARE i sman
sectioat digs TAais armctodtl lilhcketiomtof amysefpehtine Whdr moving elements
i nterval (super position).. The transducer construction

F@af%‘;ﬁﬁ)&saﬁmﬁ%flatﬁﬁ d ORpLafiy e in aecopiangs, WiBra prefesred pargdunent of

BRpréeANROMARN, FiheB N &0kt #RE RiRELLALiRE e BN REnstructed and -
 ength of stroke of each actuator, and the nunbér of

apktaiess b laecoadangatwith gr prgfesred| embedimantn of iho grevemtt Bivention, in

t he act.uator. el nts na e constructed by etching .
PafpBULEehAed FRTGIRERE of 8 PaRchalir oIy gtive in
hayRla86e Wethad piFerdd kibsdiRknth el heDRBRNE ARleBEM IS, 8B is a flow
flexible material or by USIQE free floating actuator

lagrrEneisth spealeniystemeconsirested @d ongrativiean scavedance wiithdepreferred
ilig ryvl | . T. en_al |l pys . .
BlR0: S8 L B CORRS i, PRSI THPAD a2 By paions
baweémthie glifferamtforceahpplitt € the M@Sﬁgaagme@tls.ect rodes of
the support structure may be grouped in any pattern as .
to att® iV3dbr & NG YN 9f 6%‘? ickecodesy cangugied; aad pesative in
' i an. . ) be: af fixed.. -
EROLLARL LA RO A ERAR SR AR IR B LNAPY i
act eatrol cloart comssutd andhependivetih atcdrdmice with avprefnsedieadlodiment

coptact wth the nbr.an The substrate materjal ma
Bé&ﬁfprgsr%\d[ YSTiodt :%Eﬁ% gp’isg‘?te% Tegnefe prRRetars Pt ' mgyelemems

£ la@ Ml e rrfativ@ AYdr¥ @i gL nfbRimBhtaBld. 3 -illhdhra®RBouping of electrodes in
enbodi nents the material nmay contain ferrite

paeltieroptée. adhessimgntyabodifeste Fpgntd irea shaplifiedebloble didgnin of the

the, menbrane. or .floating,actuator ele S the. .

sk SoNaal Aty <Braered AR BRAE sRbaRr BT B, 008 o o and
Eqitidll ch& I BRra Mermatye ohbedineheFes. 162eisel 884l @rBRENSE tHe moving
field may be created béﬁw nding a coil around the

eampRis $ioarsmbbe rcongrisiedd 2ad cremtiye o eprordangpswilbes preferred
ShbSiRURA of the present invention. Fig. 16B is a small section of a different

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
20



each actuator elenent or by placing one or nore coils
pl aced next to one or nore actuator elenents. In

w6 efovasdgsenbodi ments a direct digital nethod ipcyaedot@os22
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produce sound using an array of m cro-speakers.

Digital sound reconstruction typically involves the

sunmmati on of discrete acoustic pulses of energy to

produce sound-waves. These pul ses nmay be based on a
éhegli’rﬁ%ﬁm &Vﬁﬂ%ﬂn &g nguﬂﬁté?fwsa%miiféa)’ev%‘%l?m@ﬁﬁ &% agguare construction,

%9&1 foﬁﬁfﬂc?ed' dhd e?enlv%q Qccc‘drgeﬂﬁle evger 2 3) d{f[ergr]%cl gmﬁodl{nent of the

group of m cro-speakers. n one pr
pfeséﬂten@eﬂtlbﬂnFlgl N8 emtanaexplodbé vievh obiatsnedll sdedon € an engbodiment

ital contro n. m crospeakers in the ar
ik afarestped o §‘i“§’ﬁ‘?f]1£ 8 G5 ISP PR Bing Sty (array) of
Qalifesof the m cro-speakers and the | east significant
bit (LSB) controls at |east a single mcrospeaker.
When Eﬁf‘ect"&ieg resildrefsging aipalypically aachivedi iﬂnrhugh uiEifjlie gpatterns of

e r rqup,_assigned t.o t.he . .
5o RS Bebuiel st PhrrReS B3 BGRe Snatafostissing ffgorithms which
Bpidagy e@l%c@@%ak@ﬁﬁenkﬂhb hétabdiunaber A defub®rPil S86ingle transducer, into
fre uen determne the resolution of the resultin

actygiorzgroyps efxliffehlodzasebrginningewih laggsoup of one actuator
E‘Jlﬁ)%ﬁ% ya %ﬁ?}? QP d&?)? ﬁl%lflruﬁl%e clltﬁa@(%s Lake Pre{qb Lé?&h HSHI all N

an acous OW- pass

hh&atbmﬁﬂme&ﬁfns@lceﬁhmrbesmBb’ g@upéche listener typically
hears_an acousti cal I% snoot her si gnal |dent| cal to the

ori gi MAIAMERAAGRINSEIRET Hher EHIsdeehie i PRpLlY irecempassed with a wire
2618 "Bhich Aglﬁé?xr dEQHcd1LutRRe %?agw?ﬁ dJ %?&?%tinuagétﬁﬂna{ﬁgm Beld across

descri bed herein, the gene sound pressure i
preoppure trapsdicet.d” hem@ctmmagmetmfﬁedxbmuam thgnepeekertsaf the membrane

s Wpicalt ey TR SBuRed URoUEHe Yk ey 1f the curren

aRaakes ss pondityl u:ahsemtﬁé nSRgake S)fttM@hﬁé@IIlBan@Rﬁﬁlﬁiﬁe When
in a non-linear region to maxi mze dynamic range while

skewlrcpst%@whgrgabs applied fr partiedan asidrelssabiprleaitods @uavgs.. it Whlétyplcally
nﬁfse ah %?t%gfo%sy Jtnﬁfnat aglélglll}) {0 I%Xk Iltytgé: 33& l %’ the %?rgﬁ tixer on. tﬁ‘P or bottom

SR and CURTT

bﬁﬂl\ale&ppdrmw‘vttdﬂ@ﬁi acs PRIk \SLth Hﬁ%pbﬁéa&lon Rt meaf. Collectwely the
non-1|inear conponents in the generated sound wave
flipplageimeny nravideds dyythe erapsdrer ds rickthibem die sum total of the N

e e T S G W

i mpl eirbetratsduesr cdnstmctlonllsgyplahll)sﬁﬂllydcaleh:le s theutihibenof actuators

The soun namc ran i sproportiagnal to
ardmsen (6 S of et hmtrcart el pSHroRe & Rel puor, and

%Uﬁﬁn%re§§ léﬂ@rebs%bl%r aaghtbt WA@lpst In L RSB EAKEdiIFenR2Ghe actuator

m cr o- speaker. is there ore desirable to generate

p]@n@nt;tmaykl@ Qqnatmgqj@d:by stching Vt&(jOgﬁ;ﬂlﬂ.g@ mtmzy particular material, or by

gnsis aa/greeg xgevli’ o %(8 t el\l}teh?\kf? %r atllng’od ]&5‘ érf%}lﬁ% ma%enal or by using
ﬁealﬂk)@tmgW@tiheﬁorael@NEﬁs Wﬁb’ﬁlemblane (ﬂexure) materials may include Silicon,
Beryllium Copper, Copper Tungsten alloys, Copper Titanium alloys, stainless steel or
any other low fatigue material. The addressable electrodes of the support structure may
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,
21



m cr o- speaker devel oped at Carnegie Mellon University.
Usi ng CMOS fabrication process, they designed an 8-bit

wolb@tiadesepeaker chip with 255 square ni cro- Speekane)7/000622
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each m cro-speaker 216mm on a side. The nmenbrane is
conposed of a serpentine Al- Si 2 nesh coated with
pol ymer and can be el ectrostatically actuated by

plying a varying electrical potential between the
@ﬁfﬁ‘ RETAMIC QTR Beetsof iasics s tqmg mbedigenissiet pagrial may

Q%ftalﬁffexﬁlt 1004 1191 rfuﬁabEPSf &9 ntife glflaé)gg ERRH Elt(y\ﬁ]%%embrane, or

pr odu e sound. Each ane a stroke o
Hbatintg dctu@ton eléBuanits stalothe cstrezploedmgrcharimlﬂrfﬂthe Bpportestraicture may

ner at ed sound, | evel s e too soft fo
b SadEh S Sarra naher dtng. RhS el fopfiesisvield may e seated by
Fidding/h BEil ¥RUARER RlirdPMsdRues har¥@ld RBGods&AYAd @8nsducer or around
conpl ex and expensive switching electronics. Preferred

easboatituatont gewentt prebylglacog des or intusel codls glasedwexicinene or more
? mé o5 al It of these Iimtations and generate nuch
Y8R 1 evel s while elimnati ng the need for

hi gh Ewntdreit agbydihtageasdirdct digitabfleiRdasl ubdiindo frbucthdpgd using
of each transducer has no significant effect on the

s qusyi of peicrerrakes dligide sglﬁé‘alx@cronsmroaﬁa divgicaly mgyolves the

% lfn?rtueﬂ (gfgf di g%%‘fsﬁlg%’ys, > e e?%'n A gl&g%las uitd- b@%s These pulses
oy decClonsid Kbata digitalf sigrd) @hiing drvan ahéxot erlemtoatcs a)rfcbgmﬂ&nedla in

to.allow.a |l qng str kevvhll avoi di t he proble
which ensh sanglitireonicalsia g Pl agRe sPrakesy TupRecpipiged mbodiment
SCiHdat et mwﬁldﬁomenﬂthea@Hﬁmesmea‘)mmgedlgﬁﬁr&gﬁ@ %5mﬁn§ 3Y micro-
are typically made to conduct electricrty and nmay

snegkess iz 8¢ wowyt Watret the nm,sg mgnfmaptobleéM&Bé controls about half of the

REBRREE R U®, b Lo ThRR BTC RSB ot 80 dipete micro-

§leek@NWHeR thé ansalURRTa ;ﬁirﬁ@lﬂaloﬁlt iShighagiedf 'ﬂféxipehlﬁé&ﬁ? bhe group
el enent and generates the actuation force.

Appl yI ng
afistesed, ét) ithg betuarﬁetmplcglrly apftl‘téﬁ’ffﬁhlf@rn@lat: lamnplntmmeé, edhe gumber of

%ﬂgkd& tt{% f OF@QCS B‘é]%? rﬁ%ﬁﬁém@ D gt Ietﬁeeﬁ sg u? ign o tlée resulting

stundswhvdOMina B/picaheémbatimedht; ﬁﬁbkﬁﬂ&yﬁaﬁleﬁd}&naﬂf be theadout@-sampling
current. To control each _noving el enent,

B élth‘B’tﬁésth‘FrﬁS}St BepliseEPBPEAD awtla%wa%ﬁr@teé eonp ghegipman ear or
5ie: %ﬂgﬁ nﬁlgr | Wrcaﬁﬁeﬁyﬁﬁ &;usﬁ@ﬂfy Sboti ts%ﬁalclgéxlmcal to the

typi wngeerrents it o cl
plﬁglxalrmalpgWalvhfotmeeprmnmdd)ybhd: dxgrta]e41gml rode in turn. A
smal | eIetrost tlc

ol ereAPSSas 5 i T SuTERaGE AL HgR e senerata

fhupgt pRI|SYER eﬁ@b@ﬁmﬂﬁl b thac hmﬁgerf QF CEpeingesPeakBR. Different
movi ng el enent and the el ectrode. Wen 't he novi ng

ﬁecemw@s are pedyced| ysearyingtthe nsm@ct pb leakﬂ:rhmﬂ@thvar: timgg Unlike
t he

agnéel Ce eé]ger%ymfl%{écﬁggi 1crﬂ,ésgeaé<%fs typ cgr% og?{a Iﬂ ea non-linear region to
mekinded HNGnsPradpe WLk still being able to produce low frequency sounds. The

net linearity of the array typically results from linearity of the acoustic wave equation
and uniformity between individual speakers. The total number of non-linear
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
22 ’



the noving elenment is latched to the el ectrode.
Renovi ng the charge or sonme of it fromthe el ectrode

woYw7aadcgy all ows the noving el enent to nove apongL20bi/dvos22
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all the other noving elenents, under the influence of

the coil magnetic field and the flexures. In

accordance with certain enbodi nents, the actuator

array be manufactured from5 plates or | ayers: -
wom@e{ fodbe npmber of mrepyyspepkere Hsthe get e makiowh seund pressure
L I t

PRl 1o AGHHRS F STFRSp i, B0 ARRRC iRt o gonerate
longastioke danciacers tahd cendeadsmmanysdiossibles Sevelt digitahyransslucer array

ur.r oynde e cojl 401. The di aneter. of this
BYIFes gﬁ‘?%‘?ff"leli) ket tg"r Y&rs: ST, meBHonipg 1 & ?M%ﬁ -MEMS
ﬁﬁbtjosspb'zﬁﬁ%g deRelBpbPlat & dmdFRINEdIIoh @ﬁf\}é?stlt?r dsm MO8/ fabrication

can be manufactured using conventional pro ion
pmcmsd §1ey| desigaed anrd-bitislagltaheptaker blep rrwith QQS esheare mhiciosspeakers,

and netic materi
SR RO Bn & Nog A GRfT ARG Bpragee orpepentine Al
§10) m&sﬁIcemeatwﬂfm;bol@memnafoaﬁtbéragctizb%tamausaaamatwp% Hblying a
materials, including but not limted to rubber,

gaqymgoﬁect@qaal rRoteatisl weerhtier CiSoipstal jstack gad ﬁglc@msgbstrate The
g@gfglgh é){tl? (r)rgeﬁ @ HO%]%H ﬁ{ha%{)&xlcé 8?%196 L{{@%%sb hﬁt }gr%ﬁ uce sound Each

attac
wiettbraneghest & Gtrokd ef iabbut Ihins. Smﬂnt st bisoley pir€ ahduyfidaneand the

by a |cat|on u3|ng a_ _Sscre prlntlng process or
gt 4 S Igvids arenigusoft fox & ualﬁEea By A8y 1551e nbahibe device

gﬁirgs l,oag&s Méléaééfﬁﬂ”ﬁw._cs&’&wgﬁ%ge' fké]??gse co plex and expenswe

odi nent's, ~scr eén printing can orne usi ng
B‘emhlngTalskteremPemfeﬂréﬁ eubdiimenth of thd ddVll’@gdeam'bed hereln overcome

rocess ay is typically renoved after curin .
? © rcgsﬁlﬁ/?faél?fé?l @nﬁﬁt\‘/ﬁi’ér tgﬂl%gatel H“‘EE foyfley soun levdls while
ERARELAE HeSicbd for RN MiRhing8RIHgdsS cured while the
device Is subjected to a strong magnetic field,

or i enttiipgekidred pbaictbe slpmetqf@la@lstrmsdum ltaemrslmﬁcrank effect on the
é{b@ﬁt@@?&%ﬁ%aﬂ&é’ gtc{hl %EeakllFeTr },LT, A 18&|bﬁé3ﬁf: 2y IB aslqﬁals,f triangle or

s’ can va er e
héyagomil ighids, einerranis may be coated with the rragnet and
cured th a magnetic field oriented in one direction
whi | eT ’t\qﬂ% Surgdt m&?ﬂéloaoté{t’lé%i Y Brekes d¥sdolarcembinatign of magnetic and

PRARSH AR BRIV hiford aqbgg ; S Nels R zﬂ%uﬁhg %r%bfe%¥§)c {ed with

opposite directions un e sane ext magnet |
fraditional hmgoete @reddotrostetic astiedolisnent , t he novi ng el enent

rises a Ia e t hat as a ser entlne shap
garfoﬁﬁ% IH}F@]"? € WB}SC%ﬁ 3\5}5—? aFtay are H}’lﬂcﬁbi made to conduct

SetBERARAY Blay bel ThagRétARH Ro Ql'fﬂ?@ﬁ’é FBPASic! foles are perpendicular to the
transducer array surface. Moderate conduction is sufficient. A coil surrounds the entire
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,
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
23



IS possible to use a thick material thinned only in
the flexure area or by bonding relatively thick plates

wo thoav13segn | ayer patterned as flexures. This SH@PR.2007/000622
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allows part of the foil to nove while the serpentine
shape serves as a conpliant flexure. In certain other
enbodi nents, the noving part is a cylinder or a

spher e, free to ve, about between the to d bot t om
gF%eé%tF%a%gﬂraﬁlrgg Lopgs bejPeh e edes simentald e sireiiate. When the

QYcﬁf‘iﬁ@ 88ineht SR cREELD A ObcHNR, HRVAtS G ﬁf&oﬂggﬁgﬁ}e becomes
with certain enbodi nents of the invention, serv
e gari than ﬁle(fomeggn(tr@wdcbye&lv |cexlvmxafgntﬁmeﬁddrapﬂ gheretracting spring and

ran sduce ay. re n.the illusirated .
AT HE AL B Ry CLits s, R s 3hE Bl goms orit from
RicCeleMtRidealybitallpanews ZRd 1r§ﬁ1righélémeﬂetop@1b€e brhagl WitRMill the other
the top and the other 103 at the bottom of each

proyingrelempeniagndertbe flkacegidiiby mlblmagrmjp figldand)the Aepures.
typical | en nt,| sdycer y
stru cﬁjﬁ r %ccg g%é? es&lgﬁ nﬁglﬁael ]ltn{c? %QSC r g‘% s ¥ 3{02n fifre may be
hﬂ@nﬁﬁmwarﬂ@ﬁﬁqymeiMﬂagﬁhIy cau5|ng pi stons 101 to
nove u% and down, thereby forcing the air out of the
cavity QB&E”%ﬁkEPﬁetrostatlc el ectrode typically
reS|deqb % ? f&Bv&ggléﬂQ ttom 106 of each
cavity. e electrodes serve "as t chi ng mechani sns
t hat ahﬁn@m;dandnhé@ﬁ each piston as it nears its end
of stroke typically preventing the piston from noving
until -~ mpégﬂﬁnis rel eased, while allowing the pushed
air t OBea&hleyec&aéém&ar@égether bibviead 18 & 4@&1@00“ ments,
the pistons 101 are nmade of an eIectrlca y conduct i ve
material or coated with such material. At [|east one of
t he ehenen he el ectrost

el ect Fog0r@ngs Bt BeRgR Eafa iy Witerty af atefirey By garee coil

%01 .aMRI diarhdter 31 tAB @8 1P Hipicatl9\WiicRd&igESthan [Ha@6f trdditionad Coils used
taken together, illustrate the el enent novenent

Ht PBPY g magnaicpperapise d hentsaldcare e wRupulsH ewsing conventional
#H%ﬁg&#]g ethbdy thi s enbodiment a coil (not shown)

yp real y surfounds the entire transducer array

st r ucinircestaiar @abodigests nthg Nadviag fdlaheht agrmade ofien evaduceve and
t ransducer giray whi ch causes ané@nagnetlc el ement

wagRetic maigeRk Sfodiie rektriceb condagion Kclypicatin @uﬁﬁ@lqnh ethe moving
@feﬁﬁ‘aﬁpﬁtﬁ%’ e n%!nﬁﬁ%fdlému fl%lh fiy ft)h%h gf mhttri1sC B not limited
. In"Fg. ZA the

pi stons T0 nove plca up a
tagibber, silitom| oot ni@als dind ¢lotin divys sif dosvmagridscanfihebe magnetized ora

TORPEGY PR BRI E a2 oL iae ey 3t it B coated with
rRgR&ld hatbligll Uhid Q3aittgr 8 &fgieMyNRBe ‘BP ApPIeatish, qlsin% a screen printing

pointing upwards. The magnetic field creates a force,
gracessny ether tsillytlm lqmvnom thparte by iepexpr ayothpneesidsloaded with
char | i.ed t.0

hﬁét’l:ét% qow%e gtg 9@ ec‘tnr &sglgc%een pri %g Icg’n g Berformed using a resin
mask created through a photo—hthographlc 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
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 magneﬁc field oriented in one direction while

the rest are coated later and cured in an opposite magnetic field causmg the elements to
24



5 The positive charge typically attracts the el ectrons
in the piston 204, causing the top of the piston 206

woaoPAasze@ati vel y charged. The opposite char gesc2®oainshos22
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206 create an attraction force which, when the gap is

below a critical distance, typically act to pull down

the two el enents together. The magnetic field 203

directi on has_.changed again and is qointing downwar ds.

T gR OPRRFIS sireriions ndetaihe pame icyternal ppagagticifield; oln one preferred

BRBD&rcht, 1 Aol RAG! LRei 'c!)ﬁg}i&% Egﬁlgteo{ha{ s B %Exﬁ@ﬁ‘tine shape

are free 'to. nove, ‘and nove t0 the bottom due to the

surkdundmgeit,af pictlly cguefron thirefoil. A0@matively hinscertain embodiments it

articul ar enbodi.nent the charge applied.to the .

bssind 6% Folidk Dscral (BRREPPYATY & piut s or by bonding

eALS Thck RSeRPA tHedl1aler I%aﬁt%r&ﬁ%@ 1eQERS., T !‘F]I%Be WibWs part of the

e

I nduct” a negative charge to accunulate int

fahto moye while tthe seapintioe shapsi sstvss as Bscomigient Be¢xure. 3 certain other

Wit O ross-sectjonal ..and perspective views  of e
AEPURRy EleaSGAE BB P B S S B Bcen e
apandrbappectiestodey] the entire transducer array
generates_an el ectromagnetic field across the entire o
ar r ay Fig A Bewhica illastratep arcopgepthat ayereisw ofsmadseetion ofithgedevice in

et.i.c. fi . [,8L.0 0, .npve .
SRR OIS LRUAISSF o Sy PhhOSAR TR Sqpeoton
ofervieer afathie cemplnrstransdiced agay syt Inv ehd Mlusened e@bédment the
W th certain enbodi nents .of the,iﬂyention

. As shown, )
Pieing, el By anyiPatiPnst 104 Whichag (i h’rmé%mé‘??%&"?}?@ﬂe pole 102 is

bEYIRA0D dnfahe bihef qu i ﬁl%ﬁootttlaﬁl {)péalcﬁtﬁﬂi{f@n PL in@[ﬂti@ﬂ&g?fneramr

(a) A coil surrounding the entire transducer -array

goheshawek that tggicalye otfluensegrtbe ientifd ghosdaceromsayt bteucture creates a

entire array structure when voltage.is appl.ied.to i

RAgp e 4 B baenliecargiiten e fypisdlyHabpg Bistons 101 to move
gl doWn! thefdly SoRMELHe QiFb@Sof 8B caviBP104. Mn ERcE&HIRI dlectrode
enbodi nents a top |ayer construction 402 may conprise

typigollr: aesidesyerr bethdthelter Ppdad baftem. 1dgmokeassreaaitn The electrodes
g%gér) gé ﬁminé %{egp%ﬁégn% B@%St&l%g%% %\%dta%eﬁ):é:ﬁétgxg ggl Iitggéjalrg its end of

ere er a
steaker @pehly ppaestihd el piktes feds mSAng Yitil el Mtcdhai¥irBigastd, while
el ectrode ri n(g affixed at the top of each cavity. (c)
HOVIRG PRSRpSBEEAE (1 §astly R Brave). lhoesrinin odimentaribe pistons 101

%qgﬁjden@fn&n Qi@é’tripﬁl)p Q(g‘}a{li‘,t?x%dmgtlferigl {)péd’étécdo%hh gtlch {nﬁlterial. At least
conductive nmagneti'zed material cut or etched w

oengitbe yleaatsy tiegigpdrasrel ot theicdatdoytatic electwoddds tyipycally covered by
"serpentine” shapes that serve as conpliant flexures
?‘hg?ﬁfﬁ’ﬁal?¥¢"f%%v£§ sharting 35 Pull-dOyar P§GUES neasure of _

f r eedpigs 0f A TOXE BRI toféther® QSRR Ehef ARSIMERE AQBrding to a
404 may conprise a spacer |ayer and el ectrode |ayer.

pigfeared eambwidimentiod dhevprssent iinentiany.dn thigyendodpnénge il (not shown)
%Fc'aﬁ§ gﬁér&un'd?%’l?e%n‘f‘fré t@an%guc%g Etr"%gy structure, creating a magnetic field across
the entire transducer array which causes any magnetic element with freedom of
movement to travel according to the alternating direction of the field. This causes the
pistons to move typically up and down.

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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of accurately spaced cavities each typically having an
el ectrode ring affixed at the bottom of each cavity.

wob@7/1568hows details of a snmall section of a Pewiieeo7/000622

10

15

20

25

30

constructed and operative in accordance with a
preferred enbodi nent of the present invention. A cross
section detail ed dinensional view of the transducer

array according to the il|lustrated enbodi nent shows o
the &M% 45 stheusegicc kigld 3P8viligstion dipsnehanged and is pointing
n 1 n X i o 1 R 1 .
GBRUGECDR. hpaloR158) LUARASO KLl L) 1503r e sy
sipwpelat | ne shapes having a nmagnetized | ayer on the top

502 and bhottom 503, is accuratel 0Si tioned so the
cente Plnﬁg.g;(g A PpPEYe Ieéﬁté‘ﬁ chirge pt %Hﬂ?‘gi R P‘g'r]ﬁ‘é dorflegirodes 205.

e peSRvEEnR NP latthAS EEYIEESS iBTthpi ing t
di elpect ric S%Z?ygnd ?ﬁg bottt omel ayer1 éi ePltg%tBr%O%ygegl\%ntg 3}he fop of

Hespisteat206db | beoragaevely sharged. akhet opposite chairghss2(dnahda?G6 create an

ducts. At the.external edge f each duct, both on.the
A s s VB W Bhes SRS R SR Gaeh e e o pun-
dowhand twslelemehat ©pERE. MHE hadbinstic WWBIdCID3 Wh@fion has changed again
el ectrostatic charge is applied, typically attracts )
aad i PRIV deverds. Thy pisteat284 ds fxraeallydieldviseplagh due to magnetic
L£ t S (el . e e
TR SMATHR S IR A LRSI SR A e
dier 0ilendehef ey npigesten fleldg 203 elnmowd ngrtiehbﬁmﬁ’libodim%nt the charge
"piston") fromnoving until the latch |s rel ease .
%918}6@&9 |t§/3 Blyctiodents pasifing Alfranalivels Adisealiveccharierigay be applied to
i i g
e L
adljatent pistoni s enbodi ment the thin foil which has been

et ched. wi pyeci se serpentine shapes to create a

v nGES) s hiC ShF L5 SEGP i P BB NS e A one preferred
shab@nrhf i xed with a nagnetized | ayer on the top and
bottom is centered and enclosed in the cavities of

m rr ofn pertadfe emhodimentsop ceid 304 vdapredt aspngDBe dintitee transdgeer array

FL Q. S F t.i_ ne shape..and noyvi ng el enent )
bR IR R OROY O DRRAR A B TR b curen
W dppliad,phe bRt &dlagielio dicid tduse the BRstPHseTRNMo hbVeHp B0 and down
A top static view of the thin foil shows the noving

PEment in this enmbodiment is typically constructed by

et chi ' r e I o
the oo o SRS SRS EIRF L i a IR Ealt Mlich o Bperative in
r@stdaacaedh loyrtaih enfbodimemgsofathe itventsdapashéda, thhiegploded view of
have%(@een et ched out oﬁ%he mat eri al, t{1er,eby to form

P ARBIUBR LN GRS C PRS0t 1t 9ereprisss thedello ingipripagy,parts:
revealsy Whadoif NeirdoBhding Y BleC &hnlide NBMsBRAT aifhy GNAD generates an
| ayers of magnets, affixedto both the top 704 and %Irwle
plettromagnetic Gikld: dnzossi the folide amayishycwiewben vbliageris apgliaito it. A

RO NNE T T
(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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Fig. 7Bis an illustrative view of a single elenent in
noti on, showi ng the upward freedom of novenent of

w6 efovassgsenbodi ment s where the nmagneti zed centge1/iiQ8072f00622
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a single serpentine shape is free to extend upward

whi | e being guided and restrai ned by the serpentine

etched flexures 707. Not shown in the illustration is

t he opposite (downward) novenent of the serpentine _
yREpREcuaty plates Bpigally swreynded pp osdrpentiae’ seppothat send asycompliant

' . : ne r ge. | ertain
IR B o YT P SRR e By BF P
bot t orfl)oA t’ﬁﬁt@hﬁ lh{agt&:bnsétﬁ&tiaﬁ ﬁOdlfIﬁzin@ﬂlpiBg Asphcke ltlfa}leﬁ;(@d 8lectrode

hat have been aljgned jn the sane nagnetic polarity.

YGT 184 SHAWSSrADQSHIBEN thisafrea Mays COmpISE FetiRerirs Jaster Miithran array
RS S B LB i AT AR TR Rleck e BREMMed at the
botyoralof adhnoawity.pr ot ocol s are 12S, 12C or SPDIF) 801
enters.intq a logic processor .802 ich in turn .
Er ans it dsons GRS aF LG HorriRD ¢ drreHRUTEL Aahpasiptve in
QécoRd@ilde AL RI Aefedied BNbIMIMEACHE BeS pre R URVAHBGHE RS bRYs section
is typically separated into two prihary groups, one
fletailedt dimengondheviepy iofigthel emmsduseratarmpeatcoplingrtd thee illustrated
for L.atchi,ng the vi.ng el enent,s at .t he bottaom.of ., .
ey PleF Rt DE LT P aEL IR b Bhrihe SeBhtstbihar ). wpically
sedafained thintfoil 150 Qitka haddedreas ion GtcBE@URS platRe Gtk ¥nd serpentine

starting with a group of at |east one noving el enent,
slapes hayingy a Jpegstizedytaygp onhte WoubP% snd eotiepy iSRG, is accurately

i . . t
BB LR SRR 0} LIRS IRRCrorcch
bhéepravities us ,a tapdayen didlecttier 504 aad khenbotiong l8ke dieidcgicotavity 505
the entiore array have been grouped. The Nth group
Uik %géelﬁ REFVe S iRk gélql@ﬁ@ﬁ@ T queitsy b therfiyianaheiges of each duct
deili & @t idp 56 atd RaKLERALATSEF iFh Top wiﬁ%}f“e‘i&:@rode”) latching
group of one el enent group 803, a two enment group
8@ ghamun wheeh, avhieo ielecobgtaten thaggo ispaplisd, dypicahosttracts dadhomoving

o] until the total nunbers of .noving el enents. in e
Phemetlle. areals”ponfid ceBiAgR R a0 B el ikl EBbkrSbind Wehes and
h6ldei e4eh anéaRS e®imeht qrigibtohT)OM ithBedd§ WL IROT0r8Aeh stRe, thereby
same grouping pattern is typically replicated for the

pesvemg thecmongentlemart Siptstamerfeora waeng| untibrihe gattglm ps released
: ; t 808 an ‘
e T

SO on, until the

t ot al FipusbesBowd amrexlodedelienelitise samel dngall seafisidake éHown in Fig. S.
array %ssenbly have been addressed to recejve

f5v6Rls dhaf i this regphodiaens e dua deil sdvchrigs bqeaceg@@srwith precise

SRR SR ST B IR R LA s
8fixed ththsa oragadtizad) layed ox Ot top|ahi rhgttoine isnegteedd and enclosed in the
cavities of mirror image on the top 602 and bottom 603 dielectric.

Fig. 7A shows a serpentine shape and moving elements subassembly 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
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
27



field across the entire array. In certain enbodi nents
a power anplifier 8 11 may be used to boost current to

WO he7/assege Fig. 8B illustrates a flow di agrammedt/iinen7/000622
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speaker system In certain enbodi nents where the
sanpling rate of the digital input signal 813 m ght be
di fferent fromthe devi ce natural sanpling rate, the
resanpl i ng nodul re-sanpl e the signal

e Reth Ehentaf Jﬁésanfiﬁée @evp@e70§ %fa%mrh&nlr H’loémg&lﬁégﬂ?‘{n lgyer. As an
unrmél fied. %%F’?hg}%pgfﬁﬁ%@pt ypi ca?tl{fxw gl§QtQ dhe side of

bheathin fevlel t o the signal and scales it, assum ng the

i nco nal 3. resolution is blts per sanp
and {nll1T égg 7%1‘8? @nvé HUSLYe vigxy 8? @ef‘&glé rPlem?(tMnllF‘Otd% Silowmg the
)uﬁl)vard ﬂréedbﬁn ARV eARBHIEL ra M BbJdiREtE Wh%‘r u%gﬁgﬂ@f%é center 706

e speaker array has N el enent groups
Dfalﬁ)rxglea@rme@gw Shegpd i$ frediogext@a upkvard leélbihﬂ'mg gudddoleand restrained

5% a gﬁ%é%h%# ha‘tflggspy}f ;:Igl?thghs o Ut I n | %ﬁ%tg)l?l%s- tgle opposite

ro@c%twat@) aderhig dMpY sepbanR! sua§e ag;fal @@beﬁomnthelJppri@ direction,
g&b éresolutlon is lower than the nunber of groups in
A3

@iaR sp thenfaypresiexiesd downwikde and the i nput si gnal
is sc
TP 1Bl 0P BT o o
tayet17€9 8ichafifiyd lﬁ&gnéfﬂ%&[lh@ﬁé\/ﬂihl haveTb&:nOalIgﬁHdl iy theSsame magnetic
rounded to the nearest integer. The value of Y now
Paldgbs between 0 and 2N- 1. The bits conprising the

bi nar y; egvaéAJ@h&Ls ¥ #0& b g&‘ﬁf%?‘i’he SABReOL OB B Rddhee with a
different grou novi n ement s
praferiddi &na?bttdnhelit of h)]nd Ibr)asanomvemh(m {hecrtaimedbedimgn i digital input

g Boribiondioiofol pird2Nelel i APIiE) o8f R 5 oalgrptgssor 802
W&Qna&nhfﬁs@&s gﬁeoéi Pha? tE4&ine the 10l ﬁb&ﬁhfshpﬁfgaclp bouping of

(bitN) controls the Targest group (group N) .
gtoamgsel@ﬁemﬂs |Grohp adqimsummyplgullygsewaraweé mtyrtwoanlnlngary gloups one

ted si nul ta eou

FRAREHE Dbk AR A o PE R AR he g clegnemts a
thepbscRfoat bethen! @okid. ACK @Foupnis RESitAIROhBA HirthdBlsesdtat8d to logical
checks bitl (least significant bit) of Y. If it is
Addypssing grospg dyRied bd stedingt Withrae grawps ok phleasigere mqving element,

I

P55, DR, S oS08 AP R 7 OB o,
Mk)vs}edV\b)baf arfothdr hgreup twidclp ragaiaséaublasaiht Snundtser t dfeelements of the

netic field to, pQint upwards s. i ndi cated by
PSR 39,99 1! B gnoying REments ol he Fetarteeaarawlave been grouped.

TRE ﬁﬂl?@fbﬁ{) EH&{E{I%S BA%hovidielhangssor typically

rel eases
In the embodiment depicted 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 numbe}s of moving elements in the transducer array
assembly have been addressed to receive a control signal from the processor 8§02.

The same grouping pattern is typically replicated for the bottom latching
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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| at chi ng nmechani sm Bl , while engaging the top | atching
mechanism Tl , allow ng the noving elenents in group 1
wooomy®sh rom t he bottomto the top of the devpeeiLdhr/000622
bl ock 816 determnes that bitl of Yis low it is
conpared to its previous state 820. If bitl was | ow
previously, there is no need to change the position of
t he ng ele és in group 1. its previous state
was hi éﬁ JPIe¢eEsp 5 é’%asYo?lSQ/\ﬁ?lttEOlfaBralt?H’étl%ﬁﬁfé%qtélOﬁ’f & e coil that

tsﬁ’rr@lﬂid@ tthﬂ QA HSduc] 1S fier§i g3t ﬁlq? R¥ealifif GLE Qgﬁtr{lﬂgg él?é magnetic

and t as In cat ed by referenceg nunmera

flhhi IS el%mtlraf etlrgaile sertdie embpdih@ntshi pugvemaniplifiessn Mihay be used

le e top latching mechanismBl, allow ng
f%é%?/‘l“ﬂ@“gg Fré s in group 1 to nove fromthe top to

5 the betd am iafistidi® gl figrdnh Bf thAApSMEVEy st 1f Brtain embodiments

rel ationships between the different major forces

afpeld te sapphivgiraly of beehgital impe dgra eBrlénnlgholbc edsffbemngrom the

|
BERLL 8 DI AL R BT RUF BBt e s,

&mlnlle\tﬁlttﬁee tlesden R sf sHnGiling rateF WBESVi§OWBE GedahippliBgNhBdule 814

are shown as negative forces, while forces driving the
erwARhe S%@?ltth’é’rugb\%ymﬂﬁ‘@ﬁﬁlhe center (either toward

th .
o Lhe, UM ARUbale ) DO RGBT IS EAOUD e e .

assamemg thesmcmﬁaingemgml g3 &sdﬂlﬁh@ﬂi if O bixs ‘ped.safplgn@hd Ghe sample

force, created by g | action of the magnetic
VPIQF%{Xéﬁ‘Eget BveeRrd ﬁ@'ﬁ‘g%&rlﬂ‘ﬂe direction of this force

depen | @44 Y t I

oo e tPo el gl k-0l AR RS ) SPROL JTIORELN clemen

Bicaipsl (mawiasint. N)bas dEsqd:tedosfag BA.force, typically

creat p rtain charge to the el ectrode
15 and aﬁd(gg%%%%%y grg\{eg/ro the noving el ement. The

di r ectriypidal®yf, if heS idpaf eRoluSiofUS hu%h%r tRaretHel BHhbel M groups in the
movi ng el ement to the el ectrode (defined as positive

preaken (V) br is negative gnd dredaputsignebis sealed @wm 1€ thetingut resolution

AP0 U LIRS SChREEE TR DMELEEN gL 6 e

mgmﬂns sededrapelfitaty wiet ehmal hh@pat elghslt ik indt @@ﬂ&l &iﬁly bﬁsed The

Retracting force created by the flexu ac

20 QALY a5 sl amaie ST s Svde: SRk THS ey L rounded to
bRvRh LSt lmg gié eélﬁeﬁfﬁ%\mx eoefﬁ&il' d Agnegative
inthis ure orce | el'y 'smal | since

t he f Ibx brtesompasiogrtix bamnty valnd dfsY lara @é@pedted. idchrtét controls a

Aree ey Mo FvERG, Diedee bemieanctt oAl oty the smallest

RRpERGupfl).IThe ekt ‘tﬁkﬁmt2§ BntRIES bioRp idick Gs bRY @Foup 2). The next bit

?generat ed by the |atching
25

bit3) controls a group twice as big as group 2 etc. The most significant bit (bitN)

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:

30 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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mechani sm increases, ultimtely achieving sufficient
force to attract and |l atch thenoving el enent. Wen the

wo 8808h33680 r €l eased, the retracting and magnet i gcf/a26€%000622
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are typically able to pull the noving el enent away

fromthe latch toward the center, thereby inducing

travel of the noving elenent. As the noving el enent

travels to the center, typically, the retracting force

dheny prindicated by rgfessnse élﬁaﬂ@raéﬁa%aﬁ% Prosespy typirally egleaspsthe bottom
. : r Qlyl: - el ec i C. e .

i g R B, Rl b o R EC il . igying the

sioonvie dersenas irogratip litewooé friohethg bottigh ng theabp ef e dpypkt.ed

in ce [ di mrents_tao .t he noving. el enent ) .
("pi sﬁéﬂg‘ﬂj g P@?ﬁtﬁwpﬁ%&t&t Rl i gt lam- Hds PrmRyred o igprevious state
496 Clf ibRe dvARr 18 W &Hﬁlfoﬁ(sl&ﬂhgﬂe 9s né neécf‘tot (ﬂigﬁ%@ m%gﬁrysﬁﬁ)ﬂtof the moving

there is a group of one elenment in ent 1001
fleheotsad goyupal .tifugs pteaimem tstagr waphighOBe pfaressoneditbjorahe magnetic

f el e t group 1003, f.qllowed by a ei el ement . .
SR P rerShatimatpospd Ry Bl oGoner o Biectl 2L 668 Hedngs indicated
$9 réferendS nHMEMN 827\ thé hFocBRBOFH B! the t&) aRGi8Manism T1 while
possi bl e each increasing group has been arranged to
engaging the doin thtehieg meelanows Bdr allpying shemeringhilements in group 1 to
e rigal c L gurat i can. be altered in order to
g%%%&%ﬁés t%?&ﬂé?eﬂ?mgﬁgﬁ%(§H1670r constructive
obj ecFig/03. shbok tEpiedrpdleidmeNips Betiven tHRRIiFaBhEhajof forédi@pplied to
outer circunference of the transducer array enables )
aying elgments. bhg difigrans freesnbeing Aprjicddp thyaoving elements typically
Fi . - [ ;
RCREEFRPhoAP (IEHEtAL ARyt B Efe AR cion
flesces ldvesd greafester et shognas anghtiak dorces, lwhklefforces driving the element

enerating a specific sound veform 1n the scope of, .
Hiriher away droge s centasdeifiendryaid the Upioy il JaichwEdheghanisms) arc
BhivReaEshsltive fdRe@nd so on. This sinple exanpl e shows a

device that uses 7 noving elenents divided into 3
gr oup#n th¥ipeeskntremboginens thrompying ekmeneisiniuangedbedremjor forces:

"Pl" a is controlled he .t op. | atchi ng nechani.sm

K g.%ag%eélcbfgmeo%eﬁtgg%itﬁ% uﬁg&ﬁm rf?‘e g_netaﬁqgad and the hard
ﬁﬁg@d&d T8E QiR GABF it FotcdQUefBiids¢h ﬁ{ee?@ﬁﬁ@ ofthe ABMing element
"P3" which are synchroni zed and nove together. This

gragigs, the dgeetiangif|teeimpgnetin dietdond) the slagngjicrfieth aradiont.” T2

and t he . hi ng. hani "B2". .The second

gr oupB'cg E%Er?)%g?éé ? %r%?’ ﬁ%\‘ﬁgﬁg Cgfaé%{eﬁrw sPPjne A %fa’m “pige to the
alecrode7and ashopposiag ehaynwhthe maétk aletheiD e tddgelidiest this force is
Thi s group ii controlled by the top |atching nmechani sm
sipivas X0 ARG BE S1VH1A ek fheherrkechans efingssas popiiye in this figure).
ThIsOGke ifBRELes %Ignﬁﬁ@tpﬂ? WHRh thd BisfanBd! bEWeER RSBV gt diinent and
system cl ock. This cl ock

the electrode becomes very small, and/or where this gap comprises material with a high

dielectric constant.

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
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
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Is typically generated outside the device and is
transferred to the processor 802 (refer to Fig. 8)

w@bmngsicge t he sound signal. In a typical enboedTERNY7/000622
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the sanpling rate of thedevice is 44100 Hz. In such a
case, the duration of each clock interval is 22nsec
and the clock changes its state every 1l nmsec. The
"signal" sho in thjs exa e is the anal og wavef orm
pwﬂn& Rlemgaly V@B@ﬂ theglaitdy 1wt largfﬁgsedmlée TSHACHRE apth Amagnstioigrees are
i
ceﬁilygi'bfeatb Iﬁ)ﬁﬁ'ﬁﬁg IﬁoVﬁ?\F %fen%&xta %u?gys ﬁg%ﬁ% hagéh d;S%Hi b leher thereby

terval magnet I rect
@Inbxlcmgl 1teyv)sl of thehmomng redd¢mentf Aeltbe gmvﬁrgad:leldelhxytraxleis to the center,

0i.l ., The hr.onousl th t he
St 0 Bt of PE I epg A S aliypaelich overcome, and
PR Q:oﬁir@l[%nﬁg HRl él&:tid?@agﬁ@dld 2V Qndj 'tl%plhﬁé(tlcc %YE}“BY % moving
An el ement that is latched at the t

¢legEnt. s colored |n black An elenent that is Iatched

h 02 d &
Ehat TIE oo RO B P USRL A o by 28 pbled i certain

vﬁtﬂbu@m@mt tatths nfvwmgnEeyes (G‘m@faﬁqs? By pligobaat cﬁ‘rtﬁglitetl QdlRSsing, as
p and how many to the bottomof the array. In this

éS’(S&H'BFCEPremOgﬁly &t Figg ﬁpﬁnéh\ﬁgmglr@ﬁnt thgre is agroug_of @ie eiement in the
gcntgi* 1 Ggﬁ quﬂogédegy 92 IE'%PJL nﬁjdﬂe fdll%wreﬁ Fi)ryeaS ﬁ)‘?ltr %ﬂ:n@ﬁt group

respectrve
1668% Hellowal bhhe etghp clehmnt ZroBp SIIO()A: efolloved Ibgi' adi @elé@lent group 1005,
le value is 0. This requires 3 elenents |atched to
%%b and 4 to the bottom The nmagnetic field

pol ar iak¥hbwn WP thid BRbbAReha k& 'ﬂien&tfﬁf ?)B 18 Tchl; nc@ﬁgﬁg Zroup has

are engaged and so Is the bottom ng nmechani s
Bx:n Atranged $@nextenidnarount e theotproiedsa gohipn dhowesbarthis mgeometrical

o R0 7 e e RR IR BRER BN pue B gt B G B bonstructive
bejeedied. For thdnplo m¥ding ah4: pﬂ@éﬂtelp6toaﬂié glﬁeﬁﬁﬁfcﬁrﬁfegéh%g of the

to the bottom 1In tine slice 13, the digital sanple
{ransduce ey eatles aasierwits roating befsvean edchrasous andatheokessor 802

an to the bottom The nagnetic field
ggﬁgﬂfgégﬁ%% gg;up. The bottom I atch B3 is di sengaged,

r el eaBigng1&lshowntas pferrddStimBg @dctoRitol chad T8e fifeedhart describes
At the sane tine,. the top | atching nechanismT3 is

BrsGatrddogie iad algonithng forptraciatng AdReciHe spundnwayeiemy dp dhe scope
of thid ﬁesQHTgWA'tl‘Fe fimelisk %Wﬂvﬁ%ﬁ ihBlehe qlumbeféaellcﬂ 51%”5(1) ¥n. This

engaged hi's pol nt 7 °noving el ement’s”are
Blatpd:¢1@dlmme SH@@VStaJ#]SVIderthmthsem%movsig demdritd divided into\3 glgups The

d P3 uld b hed t
FisT Erein iseriat Vg MG T atios cebGrlled by e ©Op laching
RlcENERNNS atl”t Al RO BYidm3 1&khihpenkiham «Him. sfHeC§ec%ﬁd group

the polarity of the magnet i ¢ freld changes and
gompdtes dwdomaviag cdemertie “Pap ahdit Par nghxnlecalrmnymlmonﬁedamdi move

to&a@xﬁé %%[agr%ﬁé r11sdcor rofla(?rgy tHe tom)lV cﬂglgemeecrlrlgl%tsr% ‘9112’” aﬁ% 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
“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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the bottom | atchi ng nmechani sns Bl and B2 are engaged
and t he approaching noving elenents Pl, P2 and P3 are

wo adochssdsé o t he bottom position. The novi ng el BOENt2807/000622
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P4, P5, P6 and P7 are held in place by the top
| at chi ng nmechani sm T3 and are thereforerestrained from
nmovi ng downwards along with the other nmoving el enents.

The state of the device at this point is: Pl, P2 and :
Agvige & 44400 hleaIn ich Beatso theatwraiivn. Paactpglocipmterval iP221mee and the
t he

d to t Iln time slices 15 to 14,
F§§gﬁﬁ gﬁf¥%§]&F@9engaged and di sengaged t o
al | owhb e‘sx@ﬁM" Rflowh §ARME Sx4RpIERY %@ﬁﬁl&é"@ﬁ@&oﬁﬂ‘ @t the device is
state according to the dlgwtal sanpl e values. Fig. 12A
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er signa or alterna WO Separate Si
Aaddman thdiés laethtd antde rbbgdsrh 1da 0@! incHogd a‘uh white ah&aee)ement that is
The, cro%z sectuﬁh vi ew shows that in order to
Fov Bl V3 s hateheno groups of this enbodi ment

(di scepoiRif Ynf1dase E&Eﬁésel%\%' % y Lddibhts BEF Be Iatched o the top

di stinct group segnent typical 3s opposi t'e magne
pud bow many Ito theretioecef tha agay dp tHig 6dample, digya rsample values of -3, -

net fix to th [ el enent o the, thin foil
P B gofif§ aiecpostiFlenERetE S CRGFeseBleg P e fob 4 5 6 and 7
éliéﬁiﬁn@freg tlflélwlat%ﬂ&ﬂtoﬁﬁéjt opouth (S) is on the bottom
si de 120 e in the second section group 1202 the

| ayer Ifbflmﬁﬁbﬁéﬂsth@fh&ltﬁbsaﬂmlﬁV¢10¢ § QnSF\hmr@qen@n?edﬁmhatv datched to

pﬁe%#)p%cﬁﬁ 6 angotf&r)l Oma%nétl rqlefdh go]l%lpyte bstmgg'i 3@ qop latching

H20anidmsOl'1 4@l Bh @I\A&ngzigéd Qhﬁl go thhe béedrh ¢delsing Medlithnism B3. At the
alternative enbodinent. Simlar to Fig. 10A Fig. 13
sNs UMe, the battera daighing eeshrmissash hgnd BRawe disengagerband so is the top

Pa'téh?fgﬁ”a%éh‘éﬁls CMHEH% eleRRhtsiPS, PESRA P? dlh{&hé:cl B the ffp while P4,

S case groupi ng pattérn app
Hﬁwﬂ&ny&ﬂ%mwehﬁdﬁdnonmﬂmMSms of d|g|tal addreSS|ng i's

divid i nt ry ment s, f t he

s Bt sGed L oRY diaR o Ry R gt togh s, reaiesgements
f

T 1o T e

tateh BYualisgngngpd, releatingictomeats RyURA, RéuarkleP7 o6 mmyeifiggly. At the

eIe nts..be nj with two oups 1301.and, 1302 of )
b 15 CpanichPedhishapih 8hdt Bgrteto hr slspeniagave wwards
ﬂlﬁﬁér 10 Af1WédcB of W redgaBBntisldiafd @RABcBEPIPHE th@mﬁe@ged T3.
two groupings 1305 and 1306 of four elenents in each
gr oupAt ¢as pejitk @llpymeiisg 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
T1 and T2 disengage 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, P35,

P6 and P7 are held in place by the top latching mechanism T3 and are therefore
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groupi ng 1307 and 1308 of eight elenments in each
group, followed by two groupings 1309 and 1310 of
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novi ng el ements of the transducer array have been

grouped and addressed. As shown in the current

enbodi nent, to the extent possible, each increasing
roup has been. aryanged tq extend around the previous
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f the outer circunference of the transducer arra )

disspied o ey g Eving e Thia Mo 2L chAngE ShESr Al aeperding to
R 883 Qimpr e ef er to Fig. 14). It also enables the
devi ce to operate in two nodes: nonophonic, where both
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soaGlerpogiiblenlteiatveEabauRMto Chsingiak eldmeats. fifthsh@MSodiment
a bl ock diagram of the speaker systemiIn an
£ve disHast araupatsgreatsi aighe mesmerriementy{2P1 and 1203 devebeen created,

£5S] e [ ' i .
ERAIRE T Windle ARG CHE8 1 HrEERE UIE Bt AR Iofldge gigoal, or
sieih#tivehotvacwpsnateldfiiale@uer ss the llafguad pglacedimmignbd 02stereo). The
which i.n turn translates the signal to define the. i
FEBRHCHEN MESHETS A0 B3Rt %_émgabshptil? 9 §ro4PY agﬁ%fﬁgen&odmlem
fadeRabIe! BRI Sepafel&d iR ANOT5 i Ath UMbt gl%ug%gmh@%icauy has
into two primary groups, on€ for top and onhe for
bppassemiagoaiei pedaritechani sms. Each group is then further

separated into | oqi ddr essi.n rou arting.wth

2B olpoBroeBiie #0p a0 LR o Paerts e tSlhgeriaoe ement o
eHeQHi folldas a&i\gé&&izeh%owimhedm@ Bh $hedbp R dIMRY FRUR04 and
group foll owed by a another group of dougle t he

ovbdP) tsfonethe hetiers sidfe 1208; phily inoths sgeandpsectiondgronp 302 the layer
i ing el £t i .
Uy T S s OB By

dicagp side of theifgil 1206 ardd€ortloN)SE bokie: Wttoanede1207ar y
segnment s of noving el enents begins with a one el enent
gr oupt 443 shawy erReMECk Hectidenihan ghengvesambodimgnt. Similar to

Fhenmaonf el e edBids WO HRTJﬁl@\% aAdss WhedtDifol thbCalternative

total numbers of noving elenments in the transducer
aembedimgssdabisydeseritedlia diig.alddy. ds skid chse the @eoupingapattern applied to

e SR b PP RSB S P iy i gp grimary eroup
¥R cRtsa halF eiérakd QRE aﬁ!geﬁ?&ﬂe Ay Is8arh | gPURE aBY R MG half in

el'ement group 1408, and then a four elenent group
augker prithry; sceprent gioup) astdescribed an Figudd®r s of novi ng
ducer, array, assenb

adar oUt it PbaBbhCRRE PRl REF Pt Vg S0 number of
Ao saenentd ®ginning 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
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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This sanme pattern is replicated for the second primary
segnment of noving elenments with the top stroke group
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el ement group 1414, and then a four el enent group
1415, and so on, until the total nunbers of noving
el ements in the transducer array assenbly have been

addressoglto re e| ve a control signal fromthe
pr oced\§oyoyagy t ?rﬁugemsem@pﬂlm@a% é‘d the pxterepessifle, $aslb kisreasing
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power anplifier 141 lmay be used to boost current to
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gg; . ?P ?l'ti(ﬂ)@st a} ngcl?ggg%h{'?ﬂhe sﬁ?kéxr@st%&aigtan altela;attlve addressing

glabedlﬁieﬁt E ispe @ileﬁdrtbe§ ﬁxid”néissm\(ﬁ‘ftlﬁﬂ’ mdrﬁativb en@bﬂm{dnathom in Figs.

S‘o q{iil nent descrij bed 2%3 12 through 14.

3' Spi dy- Londierel waut %19@141 2 W&PME%OQ%EP H@lmngers a logic
t

plee QD140 RR T el Hholafes REPLORY 56 detidfhe 1Ry Bechihism of

saqlrph@tvecxpmmhef ghapisg af dmvmgeel&rimtts Uemels addbessing grgup is separated

I ts. divided into.two major groups nd R each

B TR 50 55 54 S TR S SIS P

§ lig theal RhEH habRE iROWoPRAYaRIF&ERB R0t YstEng %tﬁf‘xhﬁgloup of

he top and how many to the bottomof ‘the array. In
pm sosingrad¢mentdfaglionatl byaanothsr gedupetbaiooublss the movirg elements of

éf ;%eviéus %9%,4&@5\%&%%? %Izakfllg %ﬁ&ug)l n\éta née Hﬁge the WGRIbER & Elgl%ents of

ﬂﬁ%ﬁé\ﬁbms\/@oup, dndtsohgag ubl Alheholvifp. eléMedts BE tiRl drtie dday have been
t he d| gital sanple value changes fromO to 1. This

£RY0sdes 8 el ements latched to the top and 6 to the

botto I 0

ot LRk eyl ROURE SRR 5Py, Rk o

anepriinsgnganedts of ehvagy ﬂgmehte megﬂns W g oWﬂemB&@rohﬂPMm and
P5, LP6 and LP7 t ree The magnetic polarit

Ben, a0 elepisnt giogp AR 254 thshgniolie sweatpﬁxfg%ii‘} oi“?,cLSO on, lnti the

MdlYthﬂ)eﬁshﬁ%v%%P3 B S HPWR L RsdulBes Ql@?eliﬂ‘tﬁ HQJe%e'eﬁ ¥ddressed

of RPI, RP2 and IS opposite and t dri VI ng force
to receive a control signal from the processor 1402.

The same grouping pattern is replicated for the down stroke where a group of
one element 1407 is followed by 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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Is downwards. At the sane tine, the |atching
mechani snms opposite to the el enent novenent are
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latch themin place.On slice 14, the polarity of the
magnetic field changes and is directed dowwards. The

top latches LTI and LT2 as well as the bottom |l atch

RB3 are di sengaged, rel easing elenents LPI, LP2, LP3,
REMbenyst me3beg glvmepgs7inithe Hw%ussqrééqay assemblyrkgrrebeen addressed to
?&leﬂfe'at%nﬁr)l ‘Eiﬁ 5?’ QP 1437 creates an upwards

orce rivin ese el ements upwards. The magnetic

poI ar ithys isfreplRated B thendbwrP8rdike afptho sédoad asagkntrhebegmmng with a
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|0| QW tE{O novi ng el ements to nove and change their
&P, d| ng to the digital sanple values. Fig. 15C
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Ee%ooﬁlkér%g%: %’uﬁ% E%ltgcgfglgmﬂ?e 'nﬁl é K'ﬁ%td ]«1&0% J:Athlg t rn[%&e?n certain

ker gener a hése
babodbhtsrapoiwey ailph fiemnt4d .1 er}&n: ﬁshé& t(ﬂﬁodﬁ’rlilmtlmihé h@lﬂ f

of the, cl %F%h?:s generated, all 2047_ el enents chan

posi t 3 Vo ing apd GaRts! shartefop @paliemative & odiment. A

hﬁc&lartwd@%ntbh% the IKE% SRVAES SR rﬁa?ebec Lk Q%Me laSspecific

gener at ed of the 2047 novi ng enments ch
pwmdtwmfcatn malbh altewekve Embochmnpd@spnbéd imFighel X thratgh 14. The

kK all 2047 noving el e elr to . .
FisBRY  Snverfiony al® Sirtrcloc e, Ssh Sy i ‘Tl captiofhg same signal is
kepy®iged. in the third clock the renaining 1024
eI ements are lowered, in the fourth clock 1023 are
r ai sedhe jtimeline lﬁlCfltfllﬁle(tllni@kSl@then\d@h@rﬁdnlhg 12 0pd sel emehtis simple

1/ 10 of
PREFRREY o B0 ol G5k Dt b0 loffonfs bl i P slagoums 0.
mlitiR}‘] e%mdlwmeﬁh&os rhiapr @oapd i,0randt3. each cl ock (1340,
e shown on. top of Gaph IV whereas the

185
nunbe?fée é¥gltél @m@ ¥alygp, IdLCF?t%Sr}é)W maph élefneatﬁ P fdsher ¢ the top

S 6 3 g 0 s ) PR BB PSR .-

Apati Ogl. el érmrdtébarstpbulslerﬁﬂch vakieds repiéiéntad dy D68 4r608) tk 12 and
illustrated vi.e ving elenents in different
yilrﬁlgmeﬂtén‘leépecﬁ*ﬁ ’elﬁ’iSBE‘FWéHD ¢%hown in Fig. 16A is of

MOV NQn&liRdemdesI3( i dgielSample value changes from 0 to 1. This requires 8

elements latched to the top and 6 to the bottom. The magnetic field polarization is up.

The top latches RT1 and RT2 as well as the bottom latch LB3 are disengaged, releasing
elements RP1, RP2, RP3, LP4, LP5, LP6 and LP7 to 1ﬁove 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 oﬁposite 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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constructed froma thin foil material 1601 with a
preci se round serpentine shape etched into the

wosseenssako Whi ch enabl es the center of the shapecilfid807/000622
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freedom of novenent that is restrained by the flexures
of the shape.Fig. 16B shows a small section of a
di fferent enmbodi nent of the moving el enents

subassenbly, using a_ f]exible substrate. This

embodHfeftics d4oftherpiaigy etle Hin maegpetis diekhsehpnges and is directed
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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”)
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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magneti zed top 1804 and bottom 1805. Each novi ng
el ement is guided and restrai ned by four flexures. A
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dielectric layer with an array of accurately spaced
cavities 1806, each having an el ectrode ring affixed

at the bottom of each cavity, creates an electrostatic
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§@rowdsl tixayntare npansdieen array l(m“tt shbafay i W@e@ aoltageAis! aqiphbd the coil
20 i s oeratlveto sel ectively Iatcp1 | east one

SESSUES Ut CleHRHEDF A e kored agro5s e enting AHRY glFucture.
| at chi AnGp ok bhRub i, Sicdiy o%ﬁ)vfgﬂlggoat c?ﬁlgbtﬁg 1%l YAh an array of

movi ng el erfents 10 from'respondin
etaucately rspapedtoaritiend 8¢2, each bivug ro whagtredld dng,iielaffixed at the 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
magnetized top 1804 and bottom 1805. Each moving element is guided and restrained

by four flexures.
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controller 30 is operative to receive the clock and,
accordingly, to control application of the

websehswppanetic force by a magnetic field genpeiRo07/000622
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40, to the array of noving elenents. A |atch
controller 50 is operative to receive the digital
i nput signal and tocontrol the |atch accordingly. The

| at ch c%ntroller 50, in at |east one npde of |atch
cont r éY PBBUP IRy G reonsiauction, snically: eomapsisingha dielagige layer with an

HRYY B9 & R4TE! t é'éa (‘M@itfe? 1286 édcﬁtlﬁvglrgea%l é’lﬁ&ﬁﬁl@gﬂg Hfixed at the

to the el ect gnetlc orce applie e m
boitdrd of eatérqat/m, createy. anclEctrostdtic katdhmgsmhxﬂiamlsm mor7y

roportional,to the intensit t he so nt,o
PheraFls COf St apnariny mbuing, BcoRBNey SERyyor dftises. The
Et'ﬂ&tllﬂ@tsﬁé‘\ﬁé ine W3¢ oBPuRMitE Hfj&gtahf@rﬂbéd"xﬁeﬁ‘s aF hiddy iriRBlicers 1902 as

signal is at a FOSItlve ocal nmaxi mum all noving
& epetpaglesice 1@ cap@blel oftgenerating budmmdrpremm teivels or use beam-

n_t i nten into t
ﬂrglu g g?c%aue? i{w&%’ch tgxécg ev(éncf glg & 15CRS © gllviel%on) to create
aRydtivgalsloan®ihgesar e | at ched into a second, opp05| ng,

extrene position. Preferably a pha/sn cal effect e.d.
sound 1 he @gavBiayhgve rey Hespied sbarand the rund ehangs by the description

gl%to‘ﬁmfbgﬂhﬂﬁaﬁ% Lf moving elenents in an extrene

position e position as described herein, to
t he dirbe ﬂa«hcsampﬂrﬁact@thkrl,dbopetamfleGﬁlhd:oplcaﬁlbemﬂleﬁlaréﬁibbd\@lent of the

and scal i n as esc, ed in det bel ow. For exa
PffeS?lﬁén%ﬁna L@f Bagvgevitly r %Jaﬁen%tq Kigg.ol B, 70 rr% e — 3C,

AGWGASMGITEOM‘&@ DAVEDA, 114, 1V O MY 158 18ALN€I 17— 1945
top positions. |f thé digital sanple Val ue then

n%ardg@slbmb bQ@ mari rgeaeraltﬂyjletg ovitl refrpenicado €igidntsd trefunther detail.
rei I\/E12 y be raised to their
?‘gtﬁmﬁg‘é‘? ?IPIE)?#"‘PSMF&GI 1@“1 If the next sanple val ue

i s st Rbferehde i5GhoWPYiidde t@' BigENtAS wisef ibe QHltphﬁ@(q C'functlonal block
motion to reflect this. If the digital sanple val ue

diagiant Hawsgetion: of acglat@ mpalfa@rsdht gmatng &plysigal sffeei atcleast one

40 SIL{}I OWa}aer n%égg‘xﬁdes?trel eht Zaq%[[ E&nlﬁ}a%to? R (g}g%% input signal

samnsledl périvdidadly fin bepr@ese Widnsclbek. IicbRlidg told Srefdrird $ABddiment
%qn@odl ment.s, as described in _detail below, noving

FEFSEItAREntBR<he ARRAERISAIF B pkh sempeses gt ]GéSt@ﬁé pefuaigr device,
&Bhl Q&Ez@fﬁl Yelile IHAQHAR a%l"%naiﬁsl[(f oF€hoth gél?fﬂ@ﬁtsm@h%ﬁepplcaﬂy

nmber of “nmoving el ements are” a sequen power s
mmtramed:tv tasveBalternmvlyrogcele hmchﬁmlmlmg]as taspedtiod akia ibéesponse to an

AR EHling e @b, itye Sl 5 et oty Lol Mo slomrges. Each

ﬁlbelngk%%fﬁer@mls@uctw% Sp2atBRM bR rVPoHEVE & eld@bmabfletic force.
the two groups including 8 and 2 noving el enents

E@célp@@t'mge,eﬂqumt endyotherefaayomppsé aeondidiorrovyrig formed of a ferro
tions., Wien

n.themare in thei
Safl Do’ BRT Shris] o At Pufed?] 8 st FE oc, and
mapr;@ﬁgngeadcmndbég@ﬁlglcysﬂshl ft 3 noving elenents from
their bottom p05|t|ons to their top positions since in

this é( he0 igpperaive mescpjpﬁaqe&y latch at least one subset of the moving

elements 10 in at least one latching position thereby to prevent the individual moving
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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groupi ng, this can only be done by raising the two
groups including 1 and 2 noving el enents respectively,

wWHoweNsses0 t he group including 2 noving el ementsci/f2007/000622
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al ready raised. But the nunber of top pixels may be

ot herwi se matched to the sanple value, 13: Since 13 =

8 +4 + 1, the two groups including 4 and 1 pixels may

be r alie%ed, and t h_eg{ OU£ including 2 pixels may be

Icameeldbe 1@%@9%&@1‘1}% Ya hbe l%qheg(g}gmél% ﬁgﬂ@eatol.pasl;g)’ne mode of latch
S Db gg 3R Bheafy AoSRL e AR b e b which oscillac
drealyi rasponblye ¢o geneeettdnyagnatio/ fonge sppdies riysthe neagaétid Beld generator,
t owar, first extreme position such as u rd )
Sangrel tprsubreraly prderianaGio BE frigm & Agkharhoged into the
RRSial inpRt BoRSISH k&oeiWB VPR £ WRinStht iARSdi At SisduRMRbEEd into the
the opposite extreme position such as downward

digitel mpet pgrd suata pasittvedoea pusinen dilk moving relanesntreate latched into

LS, AT o B 0L e SR Py B s

tig ansl aédarige tibeal apRKiOUn, 24P NTBAHRE lele@ientd ite thtEHe@ MRS S second,
in the corresponding direction, or by translating n

RBRISHE: BXUEGRGPRSIEG. t he correspondi ng direction and
h . ot : : : « .
ot ner T”heggngISIf g#&g‘gﬁgal effBct Qgr %g&,sﬂgéeg?l%h{getgé ﬁrg)gb 5‘%}3{8?% gchleved |

that t ceé n-m tofrespon
bampteldng ithe atmbed afenoviypeiealehty imbh extrére pagipdn ag. arg position

scaling., The noving . elenments are typically forned of a
i %Sﬁrlgﬁfd BFrEEntq glea%l{%lra_z Cagii Gl a_tt@mly‘al& dlaripeamipe and scaling
qOACMRbd VR c&%ﬁ‘flrbe?(gwsf: d}g 'e?%gplg,rif flel digipd s&rﬁ?l%%h@{s Burrently 10, 10

nmetal such as go novi ng ements conprise
pevirgneementa derated, herdie MET man 4 1 0nagy dtesinatheir ttyppipositions. If the

neti zed durijn roductjon such,.that the netic )
B Ceare it el sharks T s Tt ol wiouie FTGaie tepmed herein
a0 11, ML APMIA! Mayp BE FAWAKS th&ie téPpdsitfort ToARAEMGR. If the next
array generates the actuation force. To control each

AOplagakiedsstill 131 amoaingtelemenienees o piivtl tgtion to reflect this. If
SRR 9,550 B e Pl Dl S S RIR (FE aen,

M2 nhdeVENS BteSalreAGy DY Wein Gop Sostiivmis ) fera@il efein M14eM15 and M16,
actuyatar js a .speaker. and the array of noving el enents
MYy ibs refpeddgdadr pptnesitions oIretlert Hi%i um The control lers

30 a_ng1 §Qm@r§nk&ﬁfﬁe € LAY &ibkd iqefiéc}gi? 2 \lf,eﬂl%tv'n%n Elements are
attribute of the sound to correspon o atl east Bone
chratractté and bparatfe tohee afiegrteédatolienthurtly & groaps, shitteasosstdbf groups
has at |.east. one veleng%githereby to define a

89 BERDERY B0 g Herpris Bigall 59 vendab PRI ghiveaueh as 31 moving
BRMeRY BhaFRMd el yRtA& 1Y %rgﬁéréowngé‘le,cf,qﬁ SBf $6ChoPfhg elements,

which is perpendicular tot l ement's axi s

maspeotivelyheagbf inrthis casd, andyesing the mbosd oxantple relxdn tht kample value is,
Isaayt gﬁf’tthg It\gg Q?Ju%? it%)cflucﬁr{flgc{?~I and 8%§6vslx16gcctelier%gnts respectively are both, say,
up i.e. all moving elements in them are in their top positions. When the sample 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
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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typically being small relative to, e.g. an order of
magni tude smal l er than, the shortest wavel ength. Fi g.

wo BoorA3go 1 sonetric illustration of the array g@r/af2007/000622
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novi ng el ements constructed and operative in
accordance with a preferred enbodi nent of the present
invention. In this enbodi nent, each noving el enent 10

conprj ses. a gn ?t and, each is constrained to travel,
SRHPpticluding 4mixaly may; bnderveradht eSEAIBR\A BelcRreaswE cbatas of +3,
a0, STEERER L PuRtlSch Bl TRARGR, Shefls Sb Bl afer re
e&nphupxﬂk@ﬂhg the magnetic field generator 40. Figs.

1C - are sinplified to view. illustr tlons of latg
el erreh/f(ge gﬁnersflgp mm/m%em atrgl?slat (5,] Wﬁir%ﬁxme ppﬁtlon such
69 THivAatdeRdtatdd ﬂr&sé&‘eqh lad{rstQdirddtiSs teWnE@ﬁex@ﬁlr}%’sﬁwE W& bBEMoving
el ectrostatic latch 20 in accordance with alternative
elebwdisneanskitagf tomaed heesppositd exteamad pwtl(m suoeha@t dovrevagdl generate
the | atc er or
ggeﬁwram thelogﬂosug Sds %ﬁtb%tepﬁngkaemfegg iye pfeésur? DA c(eirtam amount of
pasitive of avRitive PledstreSMabelebthingd dithét yheglanslating the appropriate
configuration as to allow concentrati on of
apmeer fsnaying clerenijendhe eoreeseprding geatiooner b transdating n moving
t heneb e t for pl.

'I?%H&Etg gloghr%eés(or%e%%&{h?ﬁ%ﬁgct}& ch? rf%rr} ll%i é&n?%: nlé t%ge opposite
deestonpmehl mht:iheailffﬁieﬁte n%ﬂ cohag)oads ntigguqwild die sakriptdd signal
i&gludes glcentral rea 75 ich prevents air from
yalus tigjcdly after igsaaplepndseal@ of air, thereby to
cushi qfie GRYY; tlé?ﬁé‘t\ée § Ve ETE Hhatd h
| at chi n% el é Y [ tnse%%. }gbtq @aﬁ%gne | at ch &fla&HlCB 5 at least
m®deraty)y hhvtelcally torglucove sughraatsilmon casilehownated bEIagmeﬂanuch as

W% by way of exanple, in Fig. IB. Latch elenent 77

&? Fig. IGis still another alternative enbodi nment
Whi chifi the ShéWih@klehntsaésiRpr@legr@nbnefd nfgnbis Othe J;:erl%éﬁtﬁ)@tmagnets
that at | east one radial groove 78 is provided so as
a5 tepical ynmegnetinetdwingouredustionispch that ﬂhammnetm ppleae co-linear to
pos(lyﬁllr%)dqn%eegorf%%{%%e F)t\ gzoﬂ ntgat tg}g{:aﬁ :n%“;r%de gso h*e Oe%%e rans%cer array
agferited thebyctgioh mfceoﬂhﬁ‘bmﬁﬁﬂ nath endvigd éleﬁ%ﬂe rafoOlatdOclements
of FI? I A .downward. Fi 2B shows the array of Fig
(tppicallycarppiRg clegip sati¢ eﬁ@@ @lp@queés}m@imﬂws% e.g. one

t by coil or other

%%g%é%?gﬂgpgﬁﬁqgiﬁégg 03&5 of Fig. IA upward. Fig
2C i sAscorilingrto boe EinbodigBne Xweptuatdrdt a opeakef aridhtie array of moving

T T A .
BPerR@rats Geflreadt el ol URlbulRENGle dotinl b CRBEsIdAl %ol dtSieast one

top extrenme position by a corresponding electric
@lmatg@ns@p op thredigitt] duputtsianal. rdie \spmlhasrmwntgm@l wanestength thereby

g?% ngt h 136'35@ ele]ngf:]_nogrese An th&éoul%% g&? cgh%tﬁeycljngt elaement 10

qxpmaﬂy ﬂeﬁneara (ﬁd)sfs Gtdtvatwaltitls isl RripgdhdichRVRVBE rﬂd%rg él@ﬁéht s axis and
not be the case. Typlc Iy, the apparatus of .

which (Legﬁﬁs( pgggesa HBgnsio thergpf Khe | asgash dinepgin of each cross -section

typically being small relative to, e.g. an order of magnitude smaller than, the shortest
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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and 207 for each noving el enent, terned herein "top"
and "bottont |atch elenents for sinplicity although

woneNesdyo not be above the other, the | atch el pOBMt%07/000622
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i ncluding one or nore el ectrodes and a space
mai nt ai ner 220 separating the el ectrodes. In
enbodi ments in which the latch 20 conpri ses an
el ectrostatjc latch the space nalntalner 220

FEPRESOriSA Feranrata Hya Fﬁi’t’%’f“igaﬁ eqtromnepeic fosge 413@{1@‘]11 e array

t hgtch its
ngﬁ%a ‘ﬁ%‘ggﬁ] ﬁ%@nmsg% eé@}aa‘ar%leg&?g gt abl e one of
two | &igshil@g- pGsird simphfied mpn‘aelwhﬁumanonm@f lﬁtch&:len@amds 72 73, 74,

at chj ositions qr,. for SI y.the "
Thchndhih fish ! ik ARy Mot Rinasies, Wit {ay Ssifdoeothers form the
ehewbigdicv idual20mpy Qe A REERIE 51{&@&%8&996&&% Oo%'a% present
el ectromagnetic force. If the axis along wh eac

pentien. eltelnest ond Of theviethiekemeantma 7dethag havo mpmfelrateg @nfiguration,

b SRR g BB B T8 3 By Bl o S5 otal Rt novhea

t:bkﬁﬁédrz{tiiﬁi atofalld Sonaddratibe oF RERAYsthid ElHrHd aP®E isharPportions of
g%b&%ylcally di sposed within the second hal f-axis as

hethgreby o Enejygase Ahe latghgpg prgs applied toztheagasresponding moving
ERFRAE N ¥ 180a B0 T8: REGLIANA, AN at 3R EL i EHRn Fleludes a
as eac

nmovi ng erre nts” ons ral ne

t:enttaﬂ aseel75akdﬁ1e1|i pedtventy aba“ﬂim pagirdeodot 43 talretag] &cape of air, thereby to
%@fCtlve Xi S i response to an alhernatin

T SiRASh B NEeR Bhedaovapphelrmant 1) ande a#qt‘agingﬁgle%@q ifpglf. At least
611@ fﬁ‘?cflllt e?eri!ignte7@ mz;}y hefbe GO ﬁgxé‘ggﬁa?ﬁﬁgva%g%qn thg elg’re{n@yby way

as shown. Fig. IS an e a lay
at tewample, deﬁhgeandmumldgmantaﬁr@&Fqi hﬁwsn@ﬂbhmﬁbntﬁ&xnmhm

40%?‘?1‘%?‘6%’ t ” A ng%t {031@%0 gmerﬁ i egg% léﬁ %{acgﬁt t%gtdat least one

Al di phvie 79 1§b1%9¥cfe@ @@Qﬁﬁ)téh%nflé}é gfdu@&péur%t fPtht RRcrar ray
of nDV|ng el ements 403 by a coil 401, and a latch,

f or meliga AaleWeﬁﬁarmm@f IFegy dB, lnari'esabowcsnte@tr@m ecmlmeﬂeyponsive

t ne su of the n nts 403
Pl eThonESe R PRE it PR nafie FEHeRoy 40 of ie
1 Agdowawxidd Fgd. 2BosoRg the afFen oS F@&H OANsERRAORP! dXerefn@ position
the el ectromagnetic force. Typically

t he
Easeensisria gnelscomagneiiciferce aplieds bricqib pwgthgr rgegnetia Gield generator
LHREF rlAOUI‘\ﬁ%,\}a}(ﬁ‘l q:lgrf@ys S%Qﬁ?rall% H %EXC-E ?thaf&f %f the individual

typically’co Ises”a pair o
hayeig rﬂﬁ)gleasn @804 dt monebpinding mychds ué@drdvxlbrdbfhppmhy magnetic field

char nd mh novi ng are in an
&%Facgb%rr‘f% gaged ‘E‘r%ﬁ%&’é‘ﬂ%ltrp%gnﬁ ] latcgeds By fopsytrpe epsition by a

E&&&Poﬁcﬁﬁg R cﬁéxgmgp%sg@htaggtl@ Rh@qulbﬁﬁl%p %o%ﬁgag%ﬁ'lent and

positions respectivel the latch Tayers
amdtiafing by piapalatch. I mnpplme@ﬂla‘eilnem emdedﬂmyewf Figsd 1A - 2C, the

BB e Bhs oS g gerdpa o wd teohtise  om

any syipiahilye tit HpBiakisiof Figs. 2A — 2C comprises a pair of latch elements 205
and 207 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
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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material. Optionally, ferrite or ferro-magnetic
particles my be added to the dielectric material to

wolemrasser undesi rabl e i nteraction between the pEyNENS /000622
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in the magnet layer. In Figs. 5 - 6A, both flexures
and annul ar magnets or conductors or ferromagnets are
provi ded, however it is appreciated that this is not
intended to be |imting. Alternatively, for exa

y nple,

ot her Esplhpal otalgieding wlalpens ipopeiatiee o seleethelytaich #p individual

y i 1S r.ee- i ng.
e L
tahé sromidndptdiipgrgnisgiomayorhdve sanpieity pther dbp'elaadt ibottom" latching
fl exibl rtion or be associated with a peripheral
2o3lpR el o Prsventy B vidsh mawing ety ol ssppngteg to the
lelec#Siaddetidefofden If fthd axfBalbSg viiéHRhH LRFAidd SWRRA! 110 moves is
illustration of a preferred actuation nmethod operative
irpgagdedorsd aproprising e Airshrlefdfeavie dné reo oetiond rto-lodeat Helf-axis, the first

resent i.nvention..In Fig, 4 ical .effect is .
GAEFE botiCUER vRal Geddh oitin Pe VMRS e Pl onaaschine
tpositibn i£epically ispbddaeitkini t5é is€codlfl halflixgy 426howPelk. in Figs. 2A —
si gnal sanpled periodically in accordance with a

tem clock signal. As shown, the method typically

conpri t ep~450Q) |, di | ay .of .

oVt ng BT et SC 18 Ses O Pty AR A R views of a
akdvardnat®al yf heelagasieméms t10 aklbrgnanimdit® tidve( kitgnattB) back and
i.n r%s§§nse to, an alternating el?ctronagnetic force .
A5 flane p sesPRVE AR INGESPRBY RGNAiereHEg Slepiramagneg force applied
B ahg ot PRy eRGR Rl e B SyPIEReAPES pthiol B shown.
IFig. dieid anrexplodedasw ofhe ldyated Ricigtopdsvite anclislingan atrahof moving

20 ther t revent. t he indj vidual Vi el enent s .
FmiepBrdtPledsB BRRETR brel R R wafipRh GIHE & respective
apiplih @&p@%eﬁ@&ﬂ%‘l&ﬁlaﬁhg bR cOONIREO For® appldStb8Re 4f8 of moving
t he Sésten1clock signal is received and, accordingly,

slsplenbat3oby @f caihd0b| ansk 2 datelynierned remat deas onhrdayar,reperative to
i I ts i ol In. step, 480, .the .

ShSTR R L TBE. i A6 D5 U8 LR i e ctin

podorilrabs t6 privent the dndividadl dharghgy elethyfis GBI fyjom a&ponding to the

descri bed .above, the |atch 20 conprises a pair of ) )
plggé?rge,lgn@g% ﬁochy élliypéc@Hﬁf the; slestramagnstieyfogge 1s generated using a coil

Qb?ﬂﬁ&gﬁﬁﬁﬁﬁ§&&ghg§4gﬁgggg and at |east one space

mai nt ai ner [ayer separates the electrostatic |atch
| ayer $halkuch ypicallyredmofiseara pansofl layérsign topt letchdhyer 402 and bottom

Typically, the. latch and at, | east, one space majntainer
B Sl e st “AoCBERsIp ABALERSh ARG RN Glsjcpts gre in an

 4FbrofrifP efteRdmadit@ic Hidl@Ys AbscRBYA RBreR], SABR R MORIHzAditMents into

conprises a magnetic layer 403 sandwi ched between a
pwi andobotising extrende posijienssrespretively f Eavh ohthentatghdayars 402 and 404

by d.pair of dielectric¢ spacer |layers. . s
Rl Ry PaRR dn. e RSt bl oBRES Bt R Sialim ettt e 5 -
gal The WatarlapenddNgnd NS OGirallly B Eormbednfréiatahi Quitable dielectric
technol ogy, and/or PCB productjon technol ogy and/or
asiasich A2ntonaldy. ferie or ferro-magnetic particles may beadded to the dielectric
material to decrease undesirable interaction between the magnets in the magnet layer.

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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technol ogies (Fig. 4B, step 455). Fig. 5 is an
isonetric static view of the actuator device of Fig.

wdAoeassstd uct ed and operative in accordance W poET/8.2007/000622
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preferred enbodi nent of the present invention in which

the array of noving elenments 10 is fornmed of thin

foil, each nnving el ement bei ng constrai ned by

i ntegral | med fl exures 606 surroundlng it. The

Proyyd {\4 ufep, Phg IS e VIG; § erﬁgqtﬁ iAyshavgaa perlpheral elastic or

'ﬂ@ki%[es g&‘h%ﬁ‘ Q)rvlﬁet $s6lhie@ WinPQ rﬂehﬁﬂé al! HdsticFhid eﬁ’gle' rﬁex?ger all as

expl oded view of a portion of the actuator eV|ce
Fhgyn @@dmmlbhdngdtmllaemref erred errbodi ment of the

present entlon f res. are ded e at

eaor T LY b ottt VARt Rl e B0 Rethition method
bPerhiiee ﬁlaé’c%oﬂfanéeh@ltmvﬁr%rﬁh %Hﬁ)@ﬁﬁne?llﬂ QheApHseie fiRfchfGf! In Fig.
herein, the plane defined by the flexures is typically

éBpa ahléswéle estds gerlerated, ot Idast atesitiributcan{ovhidf cortaspamdsdd at least

e SR ST 1P R RS bR b e i o
Sytdni eﬂ)ca&%ﬁhal @anhbah| the méthdetyfsz&%lly @6m ﬁsem(ﬁtbﬁmw) $10Qiding at
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S8 o SR s S s e et on
%&ﬁ‘ﬁgﬂ SR bRanRaD ot IIEQrefo&I &g #ﬁ'&/%nfaﬂfé ﬂlﬁlﬁlcgﬁpﬁo;//mg elements 10

deflnlng them do not. Therefo I'S genera
&em neatdndmghatthet ﬂecttoml@heﬂlcefmgdzeham;hed he nfageetier fald lgenerator 40. In
ri.met er. of the nDV|ng%ek§nents

S 7 b6 Y dSm Bt Bl & e BRI Ho e OPEPn aPHGARg of the

glee@Naghktic THRE @6 McLarrdyt oMOVRE EHBSEAETS E&ltﬁﬂl‘%@t It §8p 480, the
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ékgﬁgleqxp@hmgyal ishiecetvede andetharlashipg ovdndéel) it h@tmﬁbdtae:pordmgly

exu tan sI S ,hNt o hi gher str
FRECab e Yt Mot B R a8 el B S5 G taver
adtRpridingg @n Qfraywifi QR troftaid Qatﬂ’DV]eﬁ@n@ #ITed1t8ast Afie pace maintainer
result, it is believed to be preferable to provide

ores separates the skestrestatic datch davietsy and Frafermpd ofian; iniating material.
?{g@pﬁ[ O(fl e 14X UhE S rl@ag{“ lécegpgc% 8 Vaﬁr?éryarg%%uh{&glr?% élsmg PCB

enent, e.g ne a ane nor ma
pvadsctm‘n tmhmcm)’gyo(Flg héBnBtep ol @hm atrsy ofimeving Bleatahts Gpically

are i.sonetric a oded .vi illustrati
Sttt Pntareud Par 0L SERBihe e et BhEtizode layers spaced

fr@ﬁﬁt‘ﬁ@srn%ﬂgu@ﬁ?&eﬁy &£ a3l 6aRS E}Séé@lt %961@%9&&[}’?‘3{ MGst one of

in accordance with a preferred, l'ow aif ,
thebdaierreris winufheusdesising wadien thooding Atelchlh(ﬂ%gag tyer laminating

GEBR AP B b ORI o
ehiddogies (Fig. 4B, step 455).

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 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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Fig. 6D is a cross-sectional view of the apparatus of

Figs. 6B - 6C showi ng three noving elenents 10 in top
wexb07as®80 bott om extrene and i nternedi at e posi PCDMS2007/000622

610, 620 and 630 respectively. Fig. 6E is a |legend for

Fig. 6D. Typically, in the enbodi nent of Figs. 6B -

6E, at |east one of the noving elenents is configured

to prevent . | eakage of air throu h_the at | east one
il exu#@cowgswo%%ref%ﬂf embedipiat %ﬁ@eprﬁ%ﬁnhwemn 64 fexures are
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5 by prEBE buigibBHEected 8\Ohéraim el théwHE eRnRAR 18 tASa%long the desired

el ement 680 nounted t hereupon whose cross-section is
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fl exures are s
h@ﬁla%leeaﬂlea o theet diéi/ﬁdeof(br alfe fnb@mgﬁé\lérﬁ&t@ ligmatvel ainee tif ﬁrocess of
Figs, 5 - 6C. Fig. 7Bis a cross-sectional view of t

ﬁ?}b‘iﬂﬁﬁl i§ [PSFRMRed lb}y@re msTVing gjgments sueh thak diomnfhgryintied view of the
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e I gs. -
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one of the noving el ements 10 as a cros

spptsed o Heihp rdlonlgle dh@peripéter yf #@6manidg ictenonss) r Bharefdrdyyt may be

M T TN T NERTCR TR N

riesireapioivited! 4B isketdr badeNOant whech fra%i@SnRBghe B under the

froma single sheet of material. Alternatively, as
sHpRansiation g.c. togehiewe the sarse appkitude of mosion ebBempgingelements.

for m%sog re%ﬂlb 1|t ?s%éh%véﬁoet;e nﬁjefegible Fo pr%eﬁ){e on'l A e(?e Itlexurcs l1.e. no

the fl exure-based enbodi one possi

mobo dharethe @inimhs pudBandf lexwss Iréq‘inrelirtocﬁﬁﬁlfegsholdaﬁle moving

20 eiagrt €& ip defioe o Pans e dp UirGIHS pﬁgt?o%‘thg%vi'g”l’emem
Per SPEGL! ¥ af B £ SodQY¥LAdd %L( 1e@y 1ﬁ5stfﬂﬁﬁ§ rdeEively, of

and operative in accordance Wlt an al t er nat

mrt—mdmhbmf mévinhelements clatchenargindpacen el danayts c]ﬁsﬂrmt@i aziddq;eratwe

Vi ew | ustrgtlon of .the f. x re- re tralned centra

Poteruianenyita pRferst WPrinte 8fhéraﬁélﬁpf thenprf:%?@t invention.
Abieska g@%feﬁfto RlrPassidPfrom/tke shdte a!EBVé e BoBAE Qlteﬁleﬂlotoqge space

Fig. conprise typically annul ar pernmanent” magnets
25 VQI!OWrthQm@ivlngwmmqnherﬂp%lz‘%rsa;haped per manent magnets 502

movi nEiEe Bt S AeUopE e b fnd ot S dis B e showing

thy@ geving elérh&id 80 HU6h *&EEME, HoktoANBxtreme 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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712 facing first and second endpoints 713 and 714 of
the noving elenent's axis 715 of notion respectively

w@ng7asseeast one pernmanent nmagnet 710 is di SppSELNL2007/000622
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at | east one of the first and second circul ar surfaces
7 11 and 712. If two permanent magnets 710 are
provi ded, then the two are aligned such that the same

pole points in the same direction_as_shown in Fig
pibgse giRss- §e°§°Ed?|tSm§‘I” %noagb dmnavpidydier Beurgs ashe ihd @tement 680

'ilﬁ&d%ﬁer@ty c‘t:‘i’ -sg+ ol is 3n@dr t61tHe clofs-s@ 0 Qf #B%ylinder
typi cal coi | -|n uce ectromagnetic Force
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is typically associated wth a permanent Tagnet, "and
titelkeni slongh thepd-Asaxaf skwivin of Fighd Apdiigraf(ens anmgspectsvel view of the

the | at chi I ay, Ldent i cal di,sposed

g BRI E EE B F sl WML Al ditigti B B8 ale MRt is shown
mwxfggl;ﬁta@drwara RtsQaf Bx@éd Posiffort SURh! tBALCIES ﬁaﬁhr@s mataamextend
| atch. The top and bottom | atches for group &

upwardqut gf @et%mmf thmthah@ﬂwaeré@wecmqueq JA + ﬁCFatgleassAne of the
5 B LIS, BRI o BT, BEEERERFe an s

restriiaed \Myedtelbystl alechiéxige anmhed!tb ehe PRripheri TypicdllyTay least one

process an incomng input signal 801 and control
ey ingedeent J %ﬁ%@%@lmﬁwoa&y sepentiae dlgxyees japp formed from a

ﬁfxgﬂé Rfcet e AR EXit@hhGly p)f %Mght')x%’ if BILY 6goat least t que flexure 1605

ctromagnetic force a upwar d “or
thepebali fognah dfhen dilastict marenal‘ Ithr:s apmema@ﬂedtaarthev\ﬂem based

evant ou vin | emen In the enbodi ne
F‘F‘["EF&F‘F‘&E ‘é BOSS% ‘?’g ‘fifne{lt ﬂ@‘f’ Presqat ngentipn. :[Ih Eontra“ as
SiRvaC lge ﬁ ﬁBgeéﬂh mdvihg (BNt 8HE) asnﬁﬂ'yscdn'fﬁiseaé %%e floating
t hat the speaker elements in group @ nay be in

glemest ed end-position. |f (step 817) group d is
al reaﬁlpé the sel ec 05| tion

f h
St obtl g G0 PSSR R M lSneat i gqrstugted and

Sﬁbrith% inelcesiesteenith RA Sitkindtive érﬁﬁodlﬁﬂeﬁthd)ﬁﬁheCiﬁ’@sfeﬁ@inlv@t{tton Fig.
waits (step 818) for the electromagnetic field t

phaids Eiew - ilhsHation ep tha dlexpwrissisained ﬁenttﬁétmmn 705 of an
l‘ﬂ% \ﬁé}ﬁaf rﬂcﬂflr?ge«%lel%le ﬂpth% régfﬁ)%gﬁ’lilé l?%f ¥ l7ﬁt Clﬂgs he mo%ﬁg elements

he case t andi s,

00 bEFiggrau@snsde typical\annutar E)Iegnan%& miafget (Dl(atatb)eﬁ tHa the disc-
rd poi nting or. downward

foll db
SprH PHMARH R S0 Bk SRSy of EitSad il (iswisall. cach
{glhvgl%‘@é’iﬁ&ﬁ 1@%&%‘%&?%&?9&&%{@ B?ﬂosﬂfeg &B?‘caﬁ?‘%xre{dap?&lrfé?:g& 711 and

B respectively) latch group o
htﬂ/fanglgélrarmdtsscorﬂ @dp@@isi7d 3 ang i7ip| ofithe chofvingctlererdlk axis 715 of

B ShBED o TP Rl SRS RSt ATt e
610t|ﬁ§ Fi@dt lahé ecouB Slrailhi irfa¥esdNY #H 71DEIf two permanent magnets 710 are
provided, then the two are aligned such that the same pole points in the same direction
as shown in Fig. 7E.

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 arretnged in

groups G1, G2, ... GN that can each, selectably, be actuated collectively, wherein each
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actuator devices with electro-static |atch nechani sns
shown and descri bed herein. A single processor, in the

wenhpdssent of Fig. 8C, inplenents both el ectrpopaeti/hos22
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field controller 30 and | atch controller 50. The

el ectromagnetic field controller 30 typically receives

the system cl ock 805 which is typically a square wave

and generates a sine wave wth the sanme frequency and _
datels 1 the dasching kget kitypicaln dseociaed Wit agperaaneat magnétngnd wherein
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conteslic BORE 1N Rl prdRY ab i@8Aing P& §4RE 80 PIRIVEAtA latches
field controlTer 30 typically controls an alternating

edrafempving elements he acenrdingty, tih sgroupspilbalabyreyiativn Ukid4" indicates
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éstepd@kh) prdpdG1 i3 attebdy in the Iseiwtw} Tdﬁl-p@ft&fn@ﬁ@ éurther kit®n is required,

IA graph 1. The latch controller 50 is, operative to
anerdl ﬁﬁ egr%‘i‘lbgi df DPhN Shegpragctasiorndapagition, thsreicing controller
5heydiat @g:;pn@ SyE6H A §1@Et?&n%19g£e ?%eﬁg koY be }bbwaP@ bby ghé?la&'ﬂep 819)

I ndi vidu novi ng el enent orns at nost on
raleasss the bottpmrlatchesdk set 81 anlliengagesthe tap haghes Inosek 'l e dhis is also

vi ng el enent romits bot position to

R B B o P HE eI 02 B boai t1 on o i ts
bot t ofA PRSBBI @B noftioh AKBdrBIafolRMRd By A1 dpNakd Pbinti@8Edownward
two positions. A preferred node of oOperation of the .
peinting ewav edicates 18hing of seleasinge(pperdow deviivard arse e mepectively)

Ei C in fery.ed, enbodi nent of the
Pl orenoffeigh™ Rpkdh a0 i s T apt B Pyl dfens.
t hei r FapBCdpaishhsliftsddupaivntl Blosk diagahf glesedionyoftahgocessor, such
| at ching controller 50. Preferably, the | atchin

EvHerRsPEErors92 s il VWi Freusebilith gomcé-%ﬁtsbsrq%tial_ly any of the
g‘ftgé‘cels deVibds R th RRICEL Rtatic Q0 Q#écﬁgnigﬁ@ léﬂ?\;m aﬁ%ti |4 Dbl Serein. A
e Oor noving elenents are

ements I n any given group
siegleqiredsssor gintthe embadiateat of Figo 8Chmplements pothi dlécrmagaétic field
into . theLr tt.om posjtions, or are unl atched. .
Bonsollen 5 ?P‘? faten @%fﬁﬁﬁlﬁbPﬁe@heg?lsﬁ&gnaaﬂs%ﬁsﬁs@wel%%réo typically

fdceivE¥ 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
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
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and the nunber of speaker elenents in each
controlled group Gk is an'integer, such as 2, to the

woeoverssto (k -1), thereby allow ng any desir edpopmt»e07/000622
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of speaker el enents to be operated upon (I atched
upward, downward or not at all) since any given nunber
can be expressed as a sum of powers of, for exanple,
two or ten or another suitable integer. If the total

frapapplisd by barail 4Qtodeswbstaptinlygirepartenal éo the ingesityseynd coded
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si npl piefe@abll] @¥dietifg Ednkiofibr 58 bate orfthe meSveky tﬁgments in groups,
met hod for initializing the apparatus of Figs.
Bonebersindicaptrelisdi greupset A anafing-plgmesd,in e gmemyom of moving
Eﬁg%)ieﬁtgl a%% esgrﬁra{r?ﬁlyﬁgtﬂggéﬁt%ed it th?llr f‘tne@ tpogggnsrai Fpip 1nto thelr bottom

positiang] Grcare hﬁlﬁ&hé(‘ﬁ Préfe@bBl, tHee'aSﬁtrélRﬁ dradpshfdith a sequence Gl G2,
position. As described herein, both top and bottom
I-zAndHne gumbes of speakes clemepts g fapky comteli eé@aowpoﬁk én @t integer, such

oy if %e 0%59? BF gcl ql)]ttﬂer%)" tfbv%ﬂg g.r& B&ish %Bm'% r O d §p@£&ep 8Blements to

each Ing e In t e array Into at east

bcabpﬂnatn@ upars (lbtched mmzmd,add“ywmdrpr hetest all} singd @y @vén mahber can
ubset of the no nts in the array into th e )
B R B PPBFS LG S agilo it O SLLd: Aot hGpfegnteer.

Blthe foRdIBuHbRH o L4RABR leferidhtst iF SeldétE@Yo bé etk atp Rt power
| atching positions. The first and second subsets are

fN)eﬁfe?r sush s 264 Bt is ossilgh ta prstitioi the totabpomldtiog ofIspeabsert gements
1o an integral number of controlled groups namely N. For example, if there are 2047
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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the first and second subsets are in their top and
bottom | at chi ng positions respectively, the total
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the nmoving elenents 10 in the first subset is equal in
magni t ude and opposite in direction to the total
pressure produced by fluid such as air displaced by

t e enents in the second. subset. The noving
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ﬁgsré %P@‘s&%ﬂ%@ﬁﬂ%@fs 8%% Bfe@%r%%ly%%ﬁp%d %Q&H)fﬁg{efvggjk ﬁ%qnovm% elements in

el1ng. Steps e systemc requency
trmyfishamd dveombsubbetn iateain| tiei igr amlslmﬁ;onf tatehignpositidnis abspectively,
ency vaI es separ at ed

al f f t t f
ﬁg? Bl ﬁr‘?ﬁ% rr’]rﬁ’ég%ffﬂs yeﬁ&ti Sﬂ&‘kaSF ﬁgaﬁshesﬂ 'wa eRRR glemgats 10 in

ARt ffsBkulises i%nékﬂuﬁ? if ﬁﬁ%ﬁﬁﬁkﬁ;‘y arR®f opRitERY IR IR Me (bRl pressure
the array which has e hi ghest natural resonance

prodyersryyfluid efdrasedr digplagsdfboyale mawingyfsinwsald ip the second subset.

(rjrgfjglr nren%vfn)ép errrlle nts }(? l p}/caﬂy bgz}r a c%npg%thea(fm% a prgdetermmed polarity
and each of the moving elements defines an individual natural resonance frequency
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,
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:
48



appreci ated however that alternatively the system
cl ock frequency m ght be nonotonically decreased, from

wo /15588 M n, or mght be varied non-nonot oni pat/imyooddoos22
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is appreciated that when a noving elenent 10 is
excited at its natural resonance frequency, fr, the
novi ng eI enent increases its anplitude with every

cycl e, eachi ng,.a ert ai n maxi mal
ter medt eHi’e TQ rét‘?alr%ﬁr ﬂ%&n%’i?t tomysi Rosmy el?qtfésgg? éﬁt?fbﬁf pch moving

eRAHENE gxgh{dgﬁ il (e AFOVduBEkt elgﬁﬂ%gﬁorlratarﬂ% 5?@%&1? Lot é’%"‘p ©n tlae moving

record during set-up an
élemient) fadieg that {atet. |Tilatﬁrsiranﬂeaqcmmlmbsess BBy eattecbrhpridee50% of the

X. 1S easlarge as the gap the noving
‘?ﬁfﬁ@%@@%‘évwe{ fromits idle state to either
the t @&pOSSSb%E&@thQE&Bnd (ﬁlﬁto@ bR EleBlrosiiR! lhﬁc}i of each moving
factor is a known factor which conpares the t

elsmentiinclydsd iebayscodndapubseic vithaa Ipn@rlphyppqsab tgythc el on the
g{mm qur%?‘}%ofalf“ﬁnéélgﬁi%clf}l ation period. Equivalently, it

at which a systemoscillates to

t he r 8tep 860: WK dBscribedliabsve) ah€ Sndvisy R aré d¥kighed tQhave a
indicates a lower rate of energy dissipation
eetain | nabiral rerenenei freaenents Lisgigantgpls mayr énchisley competer aided

CQlé)frcrlgﬁﬁ Qoﬁf l{CP Qs rﬂ?lYt]e r%@en%n smi?a a)?s[l§ FF Ef%ﬁt s%gwfag eqn %l[eghf%b, fcik, the

I Ona or experi nmen ctor
fretp@moy rd dhel epstern imﬁ&kh WMG’nadletérﬁﬁiiﬁsetde ttinging fof qhke Alkdtnation of the

fcLi ¢ needs pbe fr fr (two possi bl e val ues, one
B‘@F%%P?%ﬂegﬁél gh@ ‘3[31633]1? mo(vmsf %g@ﬂi‘tﬁ @reahispasedicie sl 9pke natural
}&Oégl({% Pfe W of the gﬁivﬁgeélgﬁgﬁt e Fx tvﬂ‘)‘?cht the lowest natural

possi bl e a ues is a resu

sisepaice élegewgnméerm‘d tol asdhin camigymcalky dawmﬂemedoéXpenmentally or by
al t er nat.i.n arities is now applied to the array of
WPW@I %‘F%@@‘ﬂﬁ N8The time interval between consecutive

appl i seipk @83 DfoOOVHﬁ st R1RMBeRh&Y iy YRR BS n¥Blonically
time due to changes induced in the system'cl ock,

tneeqasesly from a@ﬂmh@l velushelnginrig sﬂb@qu@ﬁ &sequwelvahms s¢fagated by Af

ﬁﬁﬂuﬁl@ ngstelﬁh 13¢ ?r%&&etn% 'hPif chgcf E) q‘\xra t aﬂ cgl%eﬁgﬁch of the

Vﬂtb@ﬁg dleﬁﬂd:m Iudth@arrﬁﬁk&lﬁc&i has eﬁ@mgn&e nhtORM HS66Ahce Srequency, referred
qsnfthI ently S| m | ar .to the frequencg l evel at tine
axfnd QYRR degerayinadgxpgameniekly ef By eompuriogided (niod@hng It is

A B TR S O T i o

olonatohicaiby dcngeabcb,rfmmn fnaiods g, orahightbe vad Imanmeonotomcally

frequency is si r to the current frequency | eyel
to boll B BHEEHE] dRE BRE! & BEHBRAGAED! dOr Pebited at'its natural

f’és@)ﬁn@é‘tﬂeq%ﬁc& efUfhe %{0\115%’ BlenRAC ARRSsSOtAmSlitTid HithiRery cycle,

their natural "resonance reqgquency as to cease
higr wacling at ¢eetabnrlakimed ewngflitedectered ihervirpfitet Hen.s enyﬁlcally, the

The e t en ariation €
Rl AE o RBL s i RSP e hra POt il s-op and
fHeafALRREY fdrad gﬁ)heamhﬁgklhdlmltﬂﬂlzﬁtﬁtﬁl fQbeRt i B8ected to be such that
initiation sequence (step 872), the systemcl ock fcLK
Agad®twicg as large as the gap the moving element neds to travel from its idle state to
either the top or bottom latch.
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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t he predefined system frequency, typically being the
average or nedi an natural resonance frequency of the

woRMTngse8d ements in the array, i.e. 44KHz. Onepapii2067/000622
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for determning the range of the natural resonance
frequencies of the noving elenents is to exam ne the
array of noving elenents using a vibroneter and excite
the array at different frequencies. Fig. 8Eis a

&0 iy iopsillations Fiegusncy. v Pesferablyydher & fasiorop! dhe movingoplements is
SPATHBLUSAOLE BAPIBLLNNLF, ARSI, B § A S8 ERmined
Hb&mﬂoajh@m fax rR@BvRIL0 fieguervg farkrmepdofo Ecfromtfpitwo possible values,

eIe i nc) udin el e ts .10, (not sh )

SH 100 S DU GO T RS S ARG s oR B SETgr . The
aﬁfér&iee%e@velaﬁ tiOwo HsibledRlfe®ls Af. nes 2 110 are shown

over which the latch control signals generated by

| at chAsonattesilt eof $e lew sbm\n) Sﬁquepmmé‘sslmtu&ﬁﬁgnetlc forces of

aftg Veln ! oolarqee Latg 0 n a fQ t Lo Hle & he time interval
AP EIO R T 8 YSrBG ed ‘fxa?ﬁ’é H’é’ﬁué"ﬁ“’r frér
@eﬂﬂ&%éﬂt:bﬂ%cﬁ%tdp@hbe@fon§ Of €d16d oS tHeWamel poldn Q@ﬁéisoéveg Bzhe due to
to the coil 40. A connector 2120 connect st par at us ‘
éhmgre@mdseedt iB the gygemalockothserby dadebine F‘G‘ha@llﬁﬂ) reguengy level for
g ? Palis KOUROH tlﬁcrgéjs%\,ha RS ot ?%L%lltt*de of oscillation of
conponen are not  shown. pre {erred

al ennatmng nelémentg) ewlessat indiyiduab alandalu sésoganap pléqiensy is sufficiently
c.on ructe and o erative in_accordance with, an .
g‘iﬁuefl% pleatdHpe t- n%nfg?%ﬁn%l%waa& shifisicatly slowly

@iaeS %glyocﬁ’tef: b Quitdble 1nTé}§al'K5tt WA Ha dr%a}sﬁzot'b% eta}:l%ef}ﬁ LfiBleYations) to

based"on the sound's rep resentation iI'n
dm the setypiof all Ingovmg:@mlél}[tlil Mélesecmjaams@rbaté frequency is similar to

t 14 Fi 8F:. Unl ess e .
R b RSBt LRl e Mg 0 srmation
ﬁ%&ﬁe@l@}r KhRF Becohtt® sB@sirfildras anay Bstutap ré%f)hzﬁﬂe 'ﬁteﬁuency as to cease
sanpling rate up to or down to the system clock

iI}CéQﬂl@l@g dhe (umbtud@wf ioscikatipn ofi thy seif S ohecpgaclements.ofhe extent of

s LB a0 AP o R R PSRy e

TRyieally, anthg ene bﬁﬂ%ﬁnﬁl@titﬁldsdqab’lﬁ:% (53 BMB), e sygtamtcldoMTc « is set to
di fferent frequenC|es one of which is the desired

thee gLrdrteda Sy Hem efragusaey-b PGy i brive tBe gawaraga ner topeglian natural
Pésg ncf %re%ﬁ? of ﬁleqﬂo\@ﬁé éléﬁ‘é{nﬁ n;r ng aﬁ‘%% aﬁ&K{IE equency

I's the cl requency e sanpli’ng rate of the

syst efne Tinghet fireletepmafiey diel pangd hﬁtlﬁ:ylﬁmﬁm KAR0Mncd @equencies of
rate i.s selected to be o S|de t.he man hearin

HiggRving glemaRts iplodann 8‘{1“%5 BleRiAg by rometer and

beaehBSart tdh’&%@f?gqggﬁ&ésock nmust be selected to be
at | east double that of the highest frequency the

speakEig. i8& @eglsgmgliﬁub 1mmm|@enew8elduhsmau®15>f afihessBi@Med speaker

\é\)%rie(iin corrgsq}ugteldsant gpere%we in dccor%ance v??q hbal érséferrsedbembod?nl\q/lent 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
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

50



representations are unsigned, with anplitude val ues
varying over tine fromO to 255, and 16 and 24 bit PCM

WO efrAasSRes ati ons are signed, with anplitude vaptiEa.2007/000622
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varying over tinme from-32768 to 32767 and -8388608 to
8388607 respectively. The speaker of Figs. 1 - 2C
typically enpl oys an unsi gned PCM si gnal and

therefore, if the PCMsignal is signed e.g. if the PCM

#lesr @ppaseiys tofi Bigy SForto 24 digitak sound souep! Eobisimplicityadderentional

OB En S0P £ARANT NegRSL A0S 8L daa. 1 Lhe POV

unitsA rﬁéﬁ‘@dﬂ théthebtcdi Bparati@visraipgter@ingd a- séidd3Bsing apparatus
anplltu e units. If the PCMword length is 24 bits, a

sPBsérugted @@ 9perati vyl aceqrdancgrivithsan @mb%@snttqf theprebent dnvention is
T¢R1 u | S.

A58 SRBOGPtastd oo REIF, Ine B HEPHE SECts ROl based on the

ttnatd'si tepresangéon innthanjph¢ doghainy my;ilsallw & PEMI dpulb® cdédeemodulation)

nunber of speaker elenents in the apparatus of Figs. 1

repsesentafon.eyanpl e, if the number of speaker el enents

| S 20fKEsan] ermefﬁgﬂwg@@utﬁ%r b S LORR! |

si gnal ?s nmul ti pol by a %Ctgr (_}Engdo f g %PCMh%F?enS to be

tife sahe asuhd systanf Sk@eh,kthc PéIM neresanpled KOHﬂl;lg #s sarbilegRarel up to or

' 16, bit [, th [tipljed.h
JOPRR e Syed Gleak gy ory® RsBnd pa O e mbi b Gt . 14

t 0 rewea&any, dnbQuitsl® SamhRhg eV nsd B m MYy RC Spadifitdllyathe system
suitable nunber of speaker el enents in accordanc W th

phethg upieaant ipgeationofgendvates espuad edaresivheyigaant, l¢ast jtyo different
%gglge?%{egt o%g §4 Fgﬁ%hts@? &)e%f%léf ar ellle%?]ye ?%Eetgrgﬁgec{ by %‘8 mpdlrg signal and

€ en e
embﬂsér&tfeshmle spachitivet.y Thaaetifhdt fesfuedyed tisc blodiafleg@nky i.e. the
in Figs. 2A and 2B respectively. An individual one of

ﬁ%@lelgerﬁ%r Qftthe syston Q@r%ereeare&rablt/h@e ﬁxﬁm sapling, @i isrselected
tﬁ{wg@lg%lragh?th%gﬁ ue o aﬁé@aﬁégsca Xeo?g SI gn q'{EPstt %ﬁﬁ& ing theory

teaptedsthatighs pestdoe cloek emesnbs seltctedeo banelehst rlibubl@l th@ dfrthe highest

he o end tate For .exanple, if there are 2047
E’ E?q@s@ﬁ%‘r‘?fég cpighed i edUsd end-state is "up” and

the vetde 9f5:t Maer=MCcRbrdleR ﬁlt?ﬁ@im;ak rm@ 24 bl%s 8 bit PCM
100, the nunber of speaker e the

re@mmnta@@m are amsignest, wlthmmphtgd@ v_aJ@@ aammgngr tlme ﬁom O to 255,

dj I t
R REGNL AP PSR 8 SR RID, STRRBTET s BSing over
e dikmi 3?2768%53765’%&08%60& thSSS%OV h&@pedtivelys TAE Spaaker of Figs.
| ong as the|r total nunber corresponds to the current

val e tuticallyemploycan wesignel BN rignal gk thegfprswifiibe PO s1gna1 is

BT, O PCOPal RAAFS, OGP T BRI 2 g 0 ot

ed»mpomhng lunﬂlgxmdangmialfuhe @ICMiwgordl 18ngth ib S6tlhe arh:i&xof 32768
is used to desr nat e

of the current op.
P ugH aidpd Boviaie ¢ ey Eoap & 0 - 6335 ampliude units. If the
PCM word length is 24 bits, a bias of 8388608 amplitude units is'added to obtain a new

range of 0 - 16777215 amplitude units.

The PCM signal is then further re-scaled as necessary such that its range, in
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

51



815 (for which Miterations of the | oop are being
perfornmed). Generally, the nunber of noving el enents

w0 oo0ba3deed ched into their top positions, is expct/inz007/000622
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equal to the value of V and all remaining noving
elements are to be latched into their bottom
positions. Therefore, while i is still smaller than
Vt, the i'th noving elenment or pixel, terned in Fi
81PfakP’ elements i 24 dandothe PEM signplgs ptl6dnt signalsthe glga@iné multiplied
a%ﬂﬁ@&ﬁ@@4é@5§k§8FW3ftep 840) whet her, when novi ng
was processed in the previous loop (t-1), it
Vvas I Souridsist thpn Igaherhted o pasedehotheare-scaled tPCNAGignaimby actuating a
[ [ If the forner was the case, nothin

Eel g‘g"ﬂgos(lbfgl oglgﬁﬁoelﬁlﬁgltqrg} ﬁg‘@rc}ag%quhothe current value 09 the re-
%&@Jdeﬁ@m 8bhaNst & gpx‘géligted lthat thE speakdreetBiits bR ﬁl@bsgmsmble end-

elenment 1 s marked as an el enent whi ch needs
btatesheameed t er¢in sthe ofslopms i ando Hur(' seehst889)respEotivedy,cmdalillustrated

mai_ni mgVi N eIe ts t bot t tion
e TREeE) PN B 2 Al APchdR LR e staes i
ene@atsmdvhe nﬁﬁh@@ﬂ‘oﬁs‘@&ﬁ&r SiRlentdhih fat kB stade’a€ a8l givBn time matches
t heir bottom positions; these noving el enents need no
ther eument valugofdhg re-maled REMr signal, etheraetaaigingsipepkeg £lgments at the
?eln?én? M béﬁ'ﬁ H tﬁg %pkﬁtebgnci &%tghﬁgr eQaE\)q?e(gQ eif' thgx%t 5{3"@047 speaker
posi ti ons. €l enmen ave wmar or- not

Bl&fdéﬁld i 1) @bszztea euaestite lign'igteandothé Galue Bf the e Ec}aléd‘IBCM signal at
t.he manggtlc fiel dqfom nts upward, or wait for
yh

zlmeéas e pyaber { frspeaker ghemsnts i s "y @m%"cmné wn@ﬁ'@tes at time

%reb?()d ds?é' 7 f’ésﬁ&%%@ A&?&dﬁgt{)"&h’a&t ﬁédnt%éﬁts W Savention,
t op step-84 or the

ttmgmstnnonfpnﬂimbetto tlnopanhcﬂm/spm«ed elesicets sBbed tabelin ther'up" state

ess, pi xel s re to be | owered,
E@&aqsv%e% Hetat ggmp t&%‘ép g HE GRTEH YAt Poie re-scaled PCM
glghghes (step 846). At this point, the flow waits for
e next sanple to be produced by sealer 815 and then
begi ndhe falowing dyoptis diren mfonned Motime} aacth tiws ersampld it @enerated

by G 2B s the b p ARG SEUBLE Pete®Rlof NIRRT 1 g s e

fndek of the cobtetlobpev TRafAtb Aedibtél tHheQDuaeht snipSe value exiting scaler
downwards. Step 844 is preferably executed at the

ﬁb&r@fm whish Maigrasiops of the |1wmghglég petferngssl).aiepgrally, dhg number of

it \gﬁl\gaeﬁ%ﬁ? ynttsgt)?gﬁc%u egé‘d ltn% ir % n%ds tisoﬁx gls rgr)é\a%ﬁl qual ft<|3 1él'1e dvalue of V,

aﬂmarag enpiling irhyviag &Ileﬂnénltso arel pABE Olatched d@twnthafrdbottoht positions.
E al. so ap reciated that in order for .the device to
L BgraToRe. SYiH #Grﬁtlileﬂnwef thann¥. Hiegithimedng alsoens pipigel, termed in

F CRF "Bidis 'latélﬁie@ 10/ oBﬁS%eﬂﬁ? sYdond g%hggk mr% #1ES§F step 840)

an one clock cyc I's a graph
whethmalwlmn sndwnng:elsmbntaug&stprbmshndam the prexiousgoep etms)nttsvas in its

10 | cor dance th.a rred enbod t of the
EPoleliies RO B b OBl e it pTReT LGRS fimgt g the case

hbthipHeadd ®beQfond aHRaRahéthod judhsh 18 rir'i’c%rﬁéﬁtaﬂl&fjé%% 84D, 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,
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 into
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| ayer constructed and operative in accordance with a
preferred enbodi nent of the present invention and

WO Upn3®%BNg at | east one wi ndi ng conductive el poENt2007/000622
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2600 enbedded in a dielectric substrate 2605 and
typically configured to wi nd between an array of
channel s 2610. Typically, there are no channels 2610
al ong the perineter of the conductive |ayer of Fig. 9B

lee1g boftont pesitipngdPas all M gleaents hane Rewnamited er aetjraarked as above,
s substantially the sane as the

g@ﬂbQQQ%Q§%§ﬁ%%d i n channel s adj acent the center of

t he cofedific thavﬁlellm@etlc fitldtgoents ayeardpdr waig for Ys i(§tep 843) and, for

separate fromt r layers escrlbed above,

Vi i wﬁach@ ratgpd ar@Bﬂsﬁté)ttensﬁaﬁfé@a ‘and charge the

Wﬁféh&?(ﬁé}%lﬁﬁ ﬁeﬁo%it Tohedhic %hg%ué Reaqd e S whWald Gtep 845),

spacer |ayers described in detail above.
@nd)sfgll hedM-Ynar lads piexksivansh are. tg be thiveared, ellsshargé the top latches and

ERAEE RiheBpe ke GBa oL Ay ab i Ans BPwintiary e pfe sample o

bayiduedd byt sbale? Bl STRYd 6k ¥egiROthB M&eﬂlﬁ%@@&ﬁﬁe l(ﬁ%ﬁﬁst AR ribed for
as a magnetic field inducing |layer in which casé the

s pEerls. 2610 of Fig. 9B areexactly the spacer | ayer
f Rg? n ?tlflg a g&[ﬁ{eg %jatt f)? hl%@g(ﬁ%% §te%§ Qf‘éra%lyaénguts? during the

hb]lé ke eycle dy ewhiah ethél ahagleawnidid ﬂ'_dlﬁlty 9B. dovin¥aurdd Btep 844 is
9D il lustrate the magnetic field &radlent
ﬂé‘?lb’o??‘e%‘ﬁ@t totheomopsat dbk durancle fiedd ethapgeskity podmity from

h@wﬂvgrds 9 uphaRisCYhitity, V4895 ;&&%’%ggr )&%%t@ﬁ B9 oment the

{
el ement 2608 I's 1 ndica ege y arr
diagm:ﬁd dieldbfchatges r pelatityi ngainaguoet iupwardsl tb i downvdirdat Bdis also

nd enciJcl.ed dots 2640 in Fj 9C, o )
Abrpe R iR kel Breh i Ry vaclioniR Wikijhe digitized input
gﬁéldst% g1us- 84 Le QH‘ re@&thbl9exbORe PRIEss tﬁﬁﬁﬂﬁ%ﬁdc‘lﬁ%‘yﬂe
is a si ied top cross-sectional

il | usFrgaﬁﬁors agrap Isamnhnﬂglgl thy earipusclonate dbrought &t béar 261 moving

f
Bl 10 b AL bR Re i oPBlfiRL i SR iRghon.
1A i Bigs QBtlélb|sﬁhﬁlﬂ'fed|pﬁt61halﬁﬂuﬁiﬁﬁbﬂ of @hﬁ@ﬁé}ksﬁeld gradlent inducing
artitioned _ into several gro

who

et Kerstapied and conarativel i awgcf%@m rv@,@t acpreferredh @mbodmlgg of the

E& éﬂé el 864 %6 ?i%tnga%tj ?e!glstOfoné *191 dﬁfgc?cﬁ%mg\be' Rlement 2600
bodi 8 d

ment Is typlc aracteri ze
embigkied ofi andivlectgic elubstmttt 36(Fﬁayncb@pmall§d &bﬁﬂg\b‘yd to wind between an

coIIe i vel argi.n Iatche of sel ec r oups
o conater1y 2N T T, Siskot s i bemgeter of the
tétdubiindlal Y& Fl?y 98 Galthat tH@ gﬁﬂléﬁ§ ﬁﬁﬁb&f @lﬂhfﬂ' tcﬂarﬁwls adjacent the

per manent "-magne wherein the poles of a

p@im@tnerst subatgn@ally the same b!aﬁtehgmglehhyldnc@irm ahdnnels adjacent the

|d ntl&Fé tégised Each group Gk may conprise 2 to
3¥hovi ng el enents. The groups of

rmVI NEF thé @d}@ﬂbﬁFf%BSPBSlﬁlsEﬁdrat@ Wonh FIRMPab® 1607 BEscAbed Move, then
array of noving el enents |  est groups being

thesharnels i thpdayeeaf Eig. QB arp ehisposed opposite and as a continuation of the

channels in the spacer layers described in detail above. The cross-sectional dimensions,
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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Fig. 10Bis a sinplified electronic diagram of an
al ternative enbodi nent of the latching |ayer of Fig.

wd-ed7iissedi ch each latch is individually rathepct/fi2007/000622
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collectively controlled (i.e. charged) by the |atching
controller 50 of Fig. IA It is appreciated that the

| atches are shown to be annul ar, however alternatively
t hey may have any ot her sui tabl e confjguration e.

§83¢lyi the FPArsT dpYer chamngl %ly@scabedph@relr@bgvec dinisy essciated that, for
|
gfrﬁr{ﬁlcﬂg thé %f&hﬁg{%eg ?Qx‘li}gﬁé’ gs apl%l? _sg%%ea %: é wa m Fig. 9B.

trans ingo 9C|mdt%mllhatrhty thy omgebeid fadld gmr.liemt mmt:u@ﬂfunmon of the
open an i ndivi reby to charge the

BB ien | Hec A 35 1o PE. Yen Puge. Snengrbraugbdhe winding
aieﬁféﬁt Q(ﬁﬁ) 1@%&1@&&99@ hGwy 8630. Rk dRRdidioss tﬁ? Rds @i g@”n’i&%ﬁetlc field

Fig. HAis a timng diagram showng a preferre
ammdgnawg o Xtsr 2430s ahéd eacided Idotma%MB enuSedd@yintietibg@ichtions at

n ler,,50 in Fi c onal s eaker
SO B R bER ke el Ppinfub Pl S g Paze ARG N
desi r ggh. SINNGs iaS sihflified @dp ROH-BYIHAY 1H’us¢ﬁﬁ8ﬁ of1® latching layer
constructed and o eratlve in accordance with a

prckided rigdatshbitiohdig. 1% in hecqsdansenwith avenefarsd eanleodlment of the
gﬂég&{t nk/grgl Sl%gnﬁkcpﬁ{%ylaygy oft Fﬁé o%Agl%ZﬁcuEtaélg %)g nlatchmg moving

Ir resp ect (Y SO as®”to o

BEhieﬁfsnparﬁmMHdCihtd Reversll givapd IG I, rGnt .. olvhbie 1aERAKEE dldtrically
greater than in other areas, each latch in the
rrg%rewmgtefia%s Vet 15 2 S @lawe golgetine acpihinm mdnthe latches. This

i ?ﬁgnef)?ﬁdtﬁfnggll)r’ Qlla‘?écté}faeélull 12 ah H{Eﬁc{ﬁégg}f@%@ﬁ%ﬁ may be

atc ayer all being posed.
Betgatedd icellel:tise:lb!ecl'atgmg ithé Llslthca;t bﬁ rselettedngremgenilom among the

arra novi ng elenents 1 ich the timng
8?*&5?5%{ gioups, Fachyla ﬁ.ﬂt &fenlgltc%}xl%ﬁewmé‘@ liyheangopssociated with a
9ﬁﬁfaﬁ5ﬁtQHaéﬁet t»bﬁerélﬁttﬁg pSEE”be Il #rthe Qeﬂr&n@ﬁ’ﬁ’\fngglﬂﬁsr {nP&d 1atching

reference to Figs B. For clarit
bwelf @praélddm@ellx)ﬂlspmdalﬁacmgrmg) Gk guayi ctmnprrse r2eﬂoyhd:)powawf (k-1)
h reference.to

Blox AR L el TSRS RS oo RE R0 g Fencer of e
iyt HEhoAGE eledicnt, $falldeEyrEXHMRIMR; 168t tth@éHﬁ'téi"aE‘ shdvén.

preferred node of operation of latch controller 50
t he 7Fig% *8Bds asunpldiedplecgronis disgram céra@mét@mbhwmbpﬁglent of the

i]a’tch%nrgg[ﬁgler oggféﬁlléArlﬁs\ylﬁgﬁ bY¢ %tchqg qg&@idu@ﬁl EaQIEf‘er tﬁgm collectively

con ses varl ous
d(ﬁﬁmlilleﬂ)eéde ichagted)aby tHedhtehing obﬁtrdlﬁre%%ﬂﬁlﬁgh D)W Ith apprec1ated that

each |nd|V|duaI novi ng el ement. in each tinme
ﬁﬁﬁé&ﬂﬁ%ﬁ SreRetosbe yuayBewerea slcmalydy ithey may have any other

%ﬁxﬁe%ﬁ%m‘%&ﬁ Q§ S%S%EEQPh&gBO‘%h%r of Fl§0B"¢ ﬁ@&%e‘? a grid

Il nventi on are ty Yy operatlve to repro ce a
ofivertical and bprizsgal tvadas kigfibing janéboy Asgge alhchafs a@igjolhar Ifleld-effect

ﬁ%@?@%ﬂw}%& IPehvited ol Biendutiton Theoben ane gindi 5@5@%5 (heceby to
&fﬁg@ﬂl@%rﬂe%o’ﬁﬂ&g 1R susthBBRolthdes are provided along the corresponding
vertical and horizontal wires. |

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
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G aph IV shows the alternation of the el ectromagnetic

force applied to the noving elenments 10 by the coil or
wobderssegnetic field generator 40. Graph V i sp&tve2007/000622

signal provided by latching controller 50 to the top

l atch of an individual noving elenent, Pl seen in Fig.

1B, formng, onits ow, a first group A of noving

Lerrents nsi sting nIy of Pl. Graph VI is the signal
S er\weef&?

QbluBhe in'fabnt QItneeipdegf(%r t&% théh HNR &pa%a?itqé%ﬂ IQ{ehw he latching

| at ches associ at are s own

i) r&ﬁmﬁrlﬁﬁ Aehisr 81 e 1to SO 2y Jung etlem | ar athich the

ilayenheiop abdomzked with aaneasandne ntagpetextd thagope if taillocrf then permanent

ke inves o dier Bl Thiveeiie ik Fambitbrie ol Whis o schematic

5 GIngsadesn 6F an é‘}fh%ﬂ]@ﬁﬁﬁ‘y B mbo Pk CRingshtd 10 &) Wﬁféh%@tlmmg diagram of

positions. Graph VIII" is the signal provid

IFzg. dAAmgrtemat rol | er 50 to the top latch/es of each of

or both Q nts S

whi cht B§etTe rm?&(;e?%e%pegagbogn éP é‘? %ﬁ% (@rﬁtmgf: deddhibed with

edfersRed ®o Figeapha 1 XBI Sot blarisi, @idpreRirdi Hedk Bﬁ/ oilréiﬁtﬁfﬁ 30described
control ler 50 to the bottom |l atch/es of AlI.

Sezele dyovaypof expnmpbs widiusiarence i ao%m@r .cempesmg Hepixels numbered

10 qut P%}esl;gészsglg#v?blg ?‘ ﬁ H?Ee%ﬁlﬂﬁ gc{ ?d1 ?r%f%qﬁgdfé explain the

@mfem&‘(bmpdﬁs bf bperation whlacdh ctdfl&ollﬁ‘pSG atthé‘l 7qﬁgag e actuated in three

t herel evant. npving el enent, white jndicates the bottom
g%@éﬁ%ma%vﬁ) o% é"%hg CHReELYRY- t%%erailff ﬁl edgh geiralise 50 uses
R/@tllﬁiéacféhsmi’lvﬂa?egn&l:ﬁ”%naescﬁ% Ba&eﬁm Aeib NG &@érﬁﬁ?e Ir}%‘ﬁtto control

i nternedi ate pOSItIOﬂS of the relevant hovi ng e

€rchp indxyifludl smphimg s elgmaht |1tl eatldgindyinteatt hBpgikers constructed and

controller 50,to th h/ e

15 PRI, i geareirBn Wit BrepfredouRindimeRSl s prgdpupvention are

tﬁﬂ@t‘llb&f efd@V Ot réhbdiite A SAd GllictPfs RPiekaiBebf MM uSalog signal of

G aph XIII Is the signal provided by Iatching

géiiﬁhr Hlandis Q@ntcbgmﬁ@? pad ﬁlmnhledutce: h/speakef ofthie, preyeat invention. The
r of the | atches

E’é@%ﬁfatﬁ 4tﬁ1 3 ?%fjsﬁ%‘tﬁvg léﬁ%wﬁpifh@@ T%s XIV - XV |

r espeCriphely,shbwws Whé cliteBlafiGK off nheé @&ic&&mb@ﬁéticofbr@xhlb;ﬂféﬂ to the

positiqQn in which the top | atch engages the rel evant

20 mymggeq%m%% AP, byl el %crtl%%ftraegqeﬁe Tight eeneraian #rforaph V is the
?fgﬁélt %nold'e@ thla%ﬁﬂlﬁ go&fglfepgbh 0, C gq?%gl Ca%? individual moving

t noving e nt

bhnsmlﬁdhsad:rempfogl 1l rfemmﬁg,tdmetsrcmfre\aaﬁrst group &g cflmeoveng elements

8?%9 g gni;yl otSP: 12,? § ilﬁ@g gsy t&%: gggﬁtl{rgéﬁed {}qutgglggl Q(%ltroller 50 to the

B6t%drh 11908 of 38 . AHeWRsEd 6N Pof dhd E@thel:éﬁereﬁﬁﬁ‘ln@ﬁ fhe lafhes associated
interval 15, the clock is high (graph 1), the

25 Hlegvithz e sihgwpug Graphy¥1], &n th(cg rbéq@h mchca)tes fhhitehextreme position in

t el nts..need L0 b
WA KD SR o Rafs e 1Tt g ol i femeiBRiiongn which
tHemomrlaich eﬁgagaé P1an@fhafehiphndivattd inteBinB&i@te positions.

Graph VIII is the signal 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 GII. 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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| atch actuation in this enbodinent is collective, this
is achieved by selecting groups A and G3 which

woogetBwaso have 5 elenents (1 + 4) to be in theCT/topr/000622
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posi tions whereas the two noving elenments in G wll

be in their bottom positions. The magnetic field

points upward in interval 15 as shown in Graph I'V. In
interval 14, the noving element in G was inits
Elevasimuping Flemeas \@ht@\mdlcnteetbq) hotioyn |axtrgmg pokigioaf dit evhich the

&g é%tgle bﬁ%ar aé %J'e relev Vll'l}%Fl%s eé{ﬁa d %u%hlgg F%c’%aé%? intermediate

b@gla&lns Othe Mevanmsuhg eletdeﬁt noving el ement of G
assunes its top paosition _as shown in graﬁh VI |

. nt er Gaprpl X1 is e signal mgovadeshinlaiching entrgrler 50 FOet&rs?top fptch/es of
!
189';& ?{?e Q-{P%\}Fl)ﬁ% ﬁ1r gﬁ BopH sb%}blq R lf%/ ﬁhlcﬁqggether form a

ore si ghal |ns
ﬂﬁﬁhgﬂoﬂp @ IdpdE Mbving eidfl&nb;)t tGaple OAHIIr i thslsggmal pBRided by latchlng

TR O NN T ——

%‘f eepidied R&odindd Ffﬁére‘lvﬁh Gee sﬁ@%'lﬂ GxgpﬁshﬁI\V k?ﬁ@ﬁlqg%pectwely, in
extreme positions. As for group G3, in interval

whéchrblack gncbbzéme HtestopnexB3neer posiliore aidwhich theetop lamb engages the

d t f
PeIEvanh A eRiRa v Toiftes Yo S SEREIRSEoh i which the
Kbﬂt@mtmeh @@%zig@m}féQBk{/zﬁlt n%x@xfgiakleﬁémr aAR hitshih® WdSat&E@Rrmediate
in and consequent as shown in G aphs XIV

pwﬂwn&@ébfe@!qv\a@qryovmmlemm noving el ements (P4 - P7)

. BB ARG SRRg) 0R 1 g7 o 1

ROtheirivadolsasua]tionE ek afictidhlof Bilel Ng el ements are in
their top position. Wien the | nput signal is at

a
negat FQ& ex&RRlP: satwh Dathe ek iy highdgrapbsathe digitized sample

LS ORGP LG ! Sl e T PR AHER Bp osions
amrhﬂ retenients inGhéinbattom positi@wtasshewn sip aadredl Iémﬁl(}rqﬂ't XUrI]H Since
ut i gnal representing a deS| T ed

ein an.i
i aetoadn U PG S cailesis. Bisrs ATietd by SHg groups G1
R GBI IiBh 'tdﬁeﬁfé? ﬁﬁ@aﬁ'@l@m\éﬁ{sr{l g @rt%fb%rlﬁ ki L15B QLB RS wﬁgreas the

the present invention are controlled responsively,
o mvolg démends 0GR VD detie threir botmm pésitidne. Tmingretic (ﬁeld points

t he sound, in area | o ertai.n.di stance

PPEaE R ehd EDab iR 8 GRS 1 a0 B g Rickfépe in o1
Qlab &f itab&esin PoNitieHdxEho@n il @rﬁﬂﬁﬂwﬁﬂ afd tHeR€o1® FW®s to be raised. To
di stance fromthe speaker. shown, the step of

depeconiel signahBdrs Weémar@e‘él)laaﬂ @ﬁliitr@ signalc | f jsgaised (graph V).
%V{%%lgltﬁ{%Lﬁlg% enffent o%lda%g 1[956&1) %sf‘ﬁ%g ? sﬁ&v%? ﬁ}e%rgph VIL

n%V|ng elene e cen
ai frmtvz(lemghe asovinptileasmsind§2 ard alrda&ﬁ irctheie bb@adm PposieynOds shown

Hla%ﬁ%lufiéﬁﬂaﬁlsé@re ﬁ*h@agﬂ if;toaql@nsggf?% rT%? Véx%egﬁggyhasaseen in graph

VIII, the bottom control signal B2 remains high as seen in graph IX and consequently,

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 14, the moving
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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corresponding in nunber to the intensity of a desired
sound, the noving elenents are | atched not

wo komlisssgeousl y but rather sequentially, wher epaor/mmusmmos22

10

15

20

25

30

el ements closest to the center are latched first,
foll owed by those noving el enments di sposed, typically
in layers, concentrically outward fromthe center.
Typically, the noving elenents in_each |ayer are ‘
YH aesgcsyshy| thafesu sayingrolements| P4 + Bd) tibrfpbrrgmain in their top
[ . bet ween the nonent at which a particul ar
%@%‘ﬁgﬁ‘zﬁ‘@n‘gm is |latched and between the nonent at
whi ch Prdferably; sihen cleninpad sigmiibit frigplelleismnt positieé &eNihaximum, all
was . or were latched is r/¢c. where c is the, speed of .
SRAYHRE elpmenls agg iy Beir o Bovhig Wi RSP signghisritt ¢ fegative local
SRR, Af mbl e bidmdEars HOMBIr bR GAPRLIiSR 1 exi bl e
peri pheral . portions, however this i's nmerely by way of
exanplFe. Al iss noing dingracheshomonde préfeired ngatrdti sgbemd Agked by the

12 e yespectively sinplified t.op. view and . .
00 S5 eler OGRT Obte FrefioSe Reri P oAl REAAHID an input signa
eéReRAting aY Aesited JGHA FANERIVAH! Bnd ROSME! ERfhents constructed and
enbodi ment of the present invention in which half of
operafies imseenrdanggneitls aapeefgstedcedbediment pbitke ppasentdinaention are

r ol ¢ downwar d.. .A particul ar advant.age of
ERdoBEbehoRTH T & TR gt BHuth T AREHR Plangss of e
boidd nhenares ¢ocatedcdtropm@ielistnéd Bl BoMOodbMihs sPLURF dadihilar to the
when it, points downward rather than waiting for the
foudnesst iy lbjother Aseasr Shruingding the fspralgr £t rib% ISAge edigargst from the
g%ggkgx@iti ng for the field to point dowward before
['owering a noving elenent. Although the illustrated
enbodiAseshbwahthessté¢fhef telectivalysletchingeqpatmised 1dtehimg epreific moving

RSE s as heT BE AbheER ie shpsig THEAGh s trom e
ebdi® dff th@drrhPRe ¥ | AWniifchidd by ih Qe SirdllthldrrdyCoffTig: 1 B Typi

except tt hat ﬁgfl:g of nt hce ptg’ryrmlnent rrr‘gﬂgnet satyio%ﬁlgel Typically,
maeg hitnig |dasieed 40 elatths popaticwlar tsubgpo| ef wpwangl dedertthetypically

renmai ni hal f of t per nmanent nets in the .

FETRRPI A oy B ol BB e AR SSudhraine clements are

Vhetegast bitultaReRRIBOSit MRAEr REudnitighly, :KbreihhB6AnyY@RnRAR closest to
roup each of size whi ch may be arranged

1, 2, 4, ... (wic C )
teriazg fajched duplel fellaveddt Bosamosingnpiempntridigposedatypically in
0 i ase). La t dinent, .

T PHSR 680 S DBy 5 ik, L ST IO i o
tyoenst actgattdeimaltnenesds Dfpigiligupise edmsirdledidtands A between the
.... Inthe illustrated enbodi nent the groups in the
froment ayhich @e PaFteufas MRINEFiemenpis latghed and betwgepytheoment at
%?Bmg% .(E:ihpst,t c%ﬁtrhli, ERViREIMARE Or Rl dn® WEdo R Be 1528 d ig“f’)g’ where ¢

. of thése sequences is arranged Wi thin on
ssghe speed bésoundch as the left and right semicircles as

Sem oltit AePRURRTFEH ming esfendy fogrggh X of Fig 11C are shown to

comprise flexible peripheral portions, however this is merely by way of example and is

not intended to be limiting.

Figs. 12A and 12B are respectively simplified top view and cross-sectional view
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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of the group extending concentrically outward as shown
and can be any desired arrangenent, however,

wob®hasslbl y, both groups are arranged nutual | ypcT/1L.2007/000622

10

15

20

25

30

symmetrically within their individual semcircle. It
is appreciated that by using suitable coil designs,
the sane effect can be achi eved using pernanent
g;fnets that are all polarized in the same direction
éien fepaiis | dogamariatker thgmenitingtipe fhesfitkdyo nging upward before
I I
R VR ioradh Wi wAREES: 1R el lo biTE JRALPEY before lowering a
trfnbgllrégt &ﬁheﬂalﬁlthoﬂgm&ietillwia&gl e‘nﬁﬁtdﬂhﬁlﬁ@ﬁmrzh&le htwolsubsets separated
odinments of Figs. 1 nd 13 js that |atch el ene
Ay %%W%gtm%n‘%éﬁ%?t%wsﬁg Tht by pylseiay be interleaved with
ehestdingal |y interconnected thereby to form groups of
movi ng el ements which can be collectively |atched or
rel ea$egl 1bys compbfitd topl wiew hlarsgatgn omildi wdfigr fiAnexcept that half of
res ectively, their, electrically |a1erc nne

he; Beranerirgiensty indbe 14ighipe gyt AsARser e pgward and the
?&ﬁﬁlﬁlﬂk maff drhige b%@aﬂ@ﬁt Bhe® inlthe 14eHihg [H}@P@I@ disposed north pole
el ectromagnetic force for a particular exanple in
dbwvotvaidn® hetoas fgthe learbedingena obFigr t @hgheteiwas gno gnslptelaeh of size 1,
an e sel e tlve ated coll ective -
318 Tl g B afuda, SR BRIT By ERLEY & Yhonanin Fie. 104
Bﬂlﬂﬁ%h&hﬂs meédBotl R thE i) irtiRIenfodiBlér REFRE 130fHeke BeltR0 groups
ward and the remaining half of the pernanent magnet s
Ph epdhesizat therehy gpragr@mngag welisepissess AoerPpef sizedwidnds - In the
e f
ﬂﬁsﬁg@m#ggmglre%%thé% %q ﬁx%sﬂsetqhgﬂcle fécﬁhggd ?L %ﬁ G3L
ahd ﬂhd@m(tupsahltlye €irss ﬁe@.&dce A& shosdh GIR, FGQR, (BQR Each of these

%&ail(e:rl?cg s arrar[]gaeI S\ﬁ%;‘l% 0%2 os\él%:elgc& (F)Quc a A ?l{eolgir’tf)aglﬁctpﬁﬁ g§em1c1rcles as
El‘_lrcg{}? lﬁle Taﬁgrﬁ%ﬁ%? eg{%g; %?&Iérvﬁtﬂlﬁl i’th Qéﬁlﬁ:ﬂcl%%e% hotb‘t;e-rl%’ order of size

respecti vel

battehignaps ie,}gnraadisg foonceniresly gowvwpsl as eshuwdl amlt ezh &s any desired
LBl LBZ LB fj Il?)BI RB2, RB3. Fl 15A“i¥s a .
fraegent ehj?”&?ﬁ’ RB3{F B Y2 OB LR 4T Birenest Speggtrically
Wthhhﬁielrelﬁﬁbldﬁﬁ’lniehﬁelkﬁé 1230 bﬂ)fé’d‘éte&j 'tHa@“E)Sf'L@ﬁ@ suptBSIKBII designs,
applications, which is simlar to the timng di agram
thfe samg. ef@lctb\cae»(heamhlemétusml fermananh gnagoetadles are nléginl@r@ed in the
|n the l.atc ayer are dlspos It ole u

ot B Pl s S s BRI RS & SRHRY Bpigrzation
h@b@sfhdlﬁgoﬂ thY Blovitigeldh&Rosabhaid 4 @sositel puiamMEdtidnasross the other
shown in Fig. 13 whereas in Fig. H A the poles of al
Btlft he permanent magnets in the latching layer are al
i dent Acg!ixj.ti}fulgf?’ RARE D fre gemﬂriﬁn%&ts aofs§?§n%A and 13 is that latch
illustration of an exanple array of I'ng elenents
mllemehtst traresporidivge do agrtaimn oiovinggeleinbhts paet decidcallfs 1nterconneeted

rlbe above, a parti cul ar advagtage of th

mlogrqglpéso xilgvmgle}g{nents ich can be col‘fectively latched or

released by collectively charging or discharging, respectively, their electrically
interconnected latches.

Fig. 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, 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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as opposed to the enbodi nent of Figs. 8A, 10A and H A
is that noving el enents can be raised both when the

weheotissmsmgnet i c field points upward and when pPETmOiI0NE0622
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downward rather than waiting for the field to point
upward before lifting a noving el enent and waiting for
t he field to poi nt downward before | owering a novi ng
el enent . is appreciated that no el enents nove i

g ft"ﬁ%‘ Rolsovrd ap showyyin Higal huivhereasdy Figa 8o &mples of all
%gﬁ%e?%g‘hg&fﬁ% ngfri:éfg th rr%\g/ giatf:l‘zlnggzja?o b%%illﬁcelér{h%fall S g(g%d_l %Q shown in
Figy. 141&@c}(mg kignalt herprelided to mllwﬁigrdmpm}llmtd}@}] G3L, .... and GIR,

ui nce.the digital. sj naI val ue.i s unchanged :
t(fﬁi’ve@‘ &ﬁw@\}emtﬁ%ngﬁl Y3 £or rﬂiowfaﬁm@ted TP m, 1,
ef fahgi ﬁ‘l"?%/ R"IEORT@)@S!EL@WI)L anerHo%E)HlallatcﬂiEg stl%h%lsdﬂog 'tl’Leb@ gl%ups are

signal val ue changes from'l to 2 as shown in grap

afdiceitersas LB 14 lbIB2) LIBH. .. @odlsléﬂueRBIZyRBBmw ng el enent Pl

in Fig. 1I.A needs.to,be rai.sed i ed.fromits

cort olie 1A B iEie SREhou TR s giefered ERTt b pled by the

ﬂaﬁéh @iﬁfoﬂgﬁS@mhﬁJd%ctldiﬁy\@éﬁker\%f?ﬁﬁcﬁﬁﬁné Rvhiéh isGRAN4rab the timing
ignal Bl is |owered and control signal Tl is raised,

inirane f b 116 cNAh (i hnls ppeeeRermAnGH gagngain b laiching layer are
SO O B, S T g0 LR i e

$dtching 1dydt aﬂe&hfp@saii‘ﬁbrtlﬂpmletdewahrdlfas shovin ilmﬁ@ilat\elheyeas in Fig.

atfterward, in i terval 16, the RB] contraol signal is
éﬁéﬁ%@ogﬁ ot gHeoltg PEMASNt Magnely wahe latghipg ie}yreg ajerall identically

eq 'Tq | O gf s%ﬁém%%pﬁ% T 69%1111 E:Cégﬂégyet% éiﬁ@vmg elements

nerally int i ment
whlchnmmnh@diagmimtoh‘i@lgmgAqiestamsay, the left half)

Ror ¢ h TSN BROYe = Periger PEIHGE b UG ISR ofBies. 13 - 154

HPVBped i SAOIRhMAYE FA&. dANgoN 411601% fdah®movihg klignents can
magnetic field points up, the noving el enents m%

befmishd| Hotlofwhehethar ¢la§ir<mmnb@c rfwk_b@oummpwatsbfaod ewhen it points
Eil(')]\?/ﬁ Euldn a#l eI 1l *‘[ll‘lllg 8r t%e ESF o Pﬁlpﬁép\g%r%nbe??rﬁneﬁmg a moving

magne

Bmﬂeﬁgar&l wiEng Sorltl‘ﬂe fiéla t6 point dbﬁh‘ﬁvalﬂfbefd}e l@Wdrig aCxﬂGwlﬁg element.
nmoved upward before those in the |left half. Fig

5C
ftsis appreeipied dimb P slpmantsrigeve I Whef thertises slets lw&a d@A which may
gét%g??% sk uhd %ﬁd;PB r@ﬁﬂyagﬁlgé%ﬂk@f&t ﬁf@t@&g LhRAS move in

erent tinmes and as a i on of réquency
®00%hef thepinie dotgrialFig.else\ (/(ﬁﬂexbtjaam kivtd @t whichho motion is required
control].er 50 of is an, isonetric
Singshe 4@&1 P‘&P?lo‘ﬁ‘ﬁ%?fls &nﬂwgwg the re Prevendipg disipriion and enhancing
@fﬁc?éntcﬁr native to the noving el ement |ayer shown in
Fi gs A and 2A - 2Cin which the layer is forned from
a t hi Hof exdmpleicin inteatal d.cthe rbgiting sigm‘re»miuecdwpgéssﬁemal to 2 as

(s:ﬁorufl{ 9n| glg;%r fllo?[l}igasf1 91:& nd %{Rdb lgseguenttly, moving element P1 in Fig. 11A
needs to be raised i.e. released from its current, bottom extreme position and latched
into its top extreme position, however whereas in 15, control signal B1 is lowered and
control signal T1 is raised, in interval I6 nothing happens. In Fig. 15A, in contrast,
where moving elements LP1 (and RP1) need to be raised, control signal LB1 is lowered
and control signal LT1 is raised in interval 15, 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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Fig. 16B is an isonmetric view illustration of still
another alternative to the noving el enent |ayer shown

wo Boofriigssso | A and 2A - 2C in which the flexure ptT/HQbeH@0622
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at the periphery of each noving el ement conprises a
sheet of flexible material e.g. rubber. The central
area of each noving el enent conprises a magnet V\,hi ch

r, may, not nted n.a rjai isc. Fig.
an i sGiFBEHIIY lwr}@vef%?o% (15".1gseé|é n]g TSR a5 O tfemagnets (52,
v e
'ﬂ?égl'seﬂglaﬁ*) _Egﬁph&‘tﬁ‘ﬂ and EHC%HI%iﬂnI% g )ggfrf) Pp f;tpl?dr’i]{h gbwil) when it is
dbsicskrtesmovd nlemegts miﬁpweirdr thss omi abwtyy bet dumecwithimmneletay. If the

{V\I@ggﬁgbﬁég |p81 VI n‘%e g}%ﬁt@r}é o\f—f.ﬁj—l Be oéaléqf, %%{y;c%n%e moved

GPWRL teford tHoe n@theq&g}@hhm RAki4e i Oby éhah&d e HBRABES field is found
conductive material or coil, is not shown. As shown,

thbe pointing dewandwima oy eleomepisiis dke sightpleif ofde array can be moved
f L of lexur havi ng portions of varying
?ﬁ %@nmggc%géﬁogghnntggilfﬁgﬁg central portion 1640 of the

novi nFigl epens 4 (gra’phsﬂﬁﬁhné-@'ﬁ@n%eﬁtlﬁr feNmanbdrnef alovingr elements
many nmovi ng el ements. For exa .. the portions of

d&pgﬁeﬁgn ton dadioasexiipye; nesitione ot difleieat tipgs ﬂmcbaﬁsa ﬁ.@st;on of the

P O L S Be RERCHF dy RReP P g

of eabig. M6Xiingnaionerit vies iBGQration ofasn@vitl éllameﬁtheﬁ:tr which is an
silicon, Hgn under certaln ondi.tions, portions_ 1670
%m%}évestet BONHE FIAMEK larrsshawn ip Figsoh 4 ansse medC e Which the

190 1§ £RRS fidth %kt'hulvﬁflles&ﬂntﬂﬁtaéécﬁ mBOi'ngr e %ﬁ%oﬂf'pﬁses a central

conputed as a function of materials to
ptplbn@ad smmlmpmgllfomﬂsl exibility and strength |evels,

f. t l | ysis) t . Fig..
o3 PR R ol SR ST 30B S B bo0hefdie o e
ﬁiokfﬁfgr&érhéiﬁ 14yer siEviaPAER USarf 2L DC kBvhicR #BifleRure structure at
flexures vary in width. As in Fig. 16C, for

Herpsripagry pf cadhemeving element eomprises askess of flexibiowiaterial e.g. rubber.

whg EI%{‘E{: al arbg Ork th%ox%é g]%}énr%gb%@{né:r%ﬁp rrangan %étl \ﬁlgfafﬁ gia()jrbolr may not be

onponen may pre
alousted ahiatilig disa f err omagnet , conduct | ve material or
coil, _is not shown. As_shown, the noving el enment 1720

conpr FigedoG és %ﬁ%@mﬁ@c sy pepraferied smhodiment gbthe anovieg elements
R gdrﬁﬂﬁif;l% d eg(?ﬁ/és rlﬂ:p%eﬁt fse 1%? MECtiing, ?6& S R{lﬁ%gf}xures Va1y in

portion t he” novi ng enent to a she
thackeesso bmEigt il 6Q, fak kingdicitprtie mpmgmelvmmﬁaasesﬁm movmg element
i ncl u

l.e, 1he f wi dt hs may
s b%&f{eﬁ?ﬂ Yfg%glgg?ﬁgwfﬁ# e ﬁ?fPP‘?ftS’H%mﬁ preferably comprise a
frﬁgm%ia‘i‘t@hﬁtﬁé%f SHRWO-migHet, QORI Rre xhitextlaheorddoﬁwfst ﬁ‘Jt sﬁBwn As

thé central portion 1740 of each noving el enent
shoovro ithe maving istemeng £620 eongjirises sarperttine petipleheal ﬂﬁemltea|h630 havmg

AT R N T
glemeritatblaysheet 1650 interconnecting all or many moving elements. For example, the
portions of varying thicknesses may include thicker portions"i660 and thinner portions
1670 respectively as shown. For example, if the diameter of the central portion 1640 of
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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wi dt hs are conputed as a function of materials to
provi de application-specific flexibility and strength

wbemehssese. 9. using FEA (finite el enent anal ysp&i/w2007/000622
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tools. It is appreciated that the enbodi nents of Figs.
16C and 16D may be suitably conbined, e.g. to provide
flexures with varying thicknesses and varying w dths,

and/ or ried, e. to provide flexures whose w dths
RHYA IﬂF%‘R%&Fé 16, leyibgity hatd sGFRSHh USRI ye-&r using FEA (finite

as shown, and either regularly as
gﬁmpﬁamg?egui arly. In the above description,

"t hi clErgeskﬂD iis anhsodletrimslimrraﬁxﬁn toliea fcbstxeffectiva dlteenative to the
directio t.io nmovi ng el
S of B ABCdn RO GG Toa I MBS AR el 60, for simplicity

eher @ipoRBntPRRBR REEY ltKTEr mb@ink REntint §950 RNbOLERL] 9{1‘ e magnetic
the noving elenment. A particul ar advantage of the

&aldo dimeintempénent gaay pelrahiy coBDriss at hagneit ror fdltemane@y, a ferro-

RSP i A B e
SBPris skfsitiaé ﬂdﬁ?héﬂaﬁﬂé&ﬁﬁ:s ard0i Bavi® tR@ons of varying widths
a

dlstrlbuted over the thin and/or narrow portions
SPINCRENg |9ex¢@r1t=_r§1 neriéen Héﬁelo& the mqv@lgstqlgggxtoﬁpmesheet 1750 -

Hﬁﬁ% %étl ﬁ} @e& gﬁgt?:;?‘l?{/g’gdﬁ“cdu% unc |soonf varying

wikhhenfay 1am1dde Mldérsporaofiwhm anl adrrdving puirddrds, 1770 respectively as
believed to

B B ExaPe. e haider e eaiebpanivsd 40 elfeel shingetemen

& jdoq{%@r(ﬁl@ dndthe! sﬁ@ecttls §iQtort ﬁ{e‘il%ﬁela&ﬁ'afn%hﬂﬁﬁﬁ , portions 1770 may
enpl oyi ng .l'arge di spl acemeént of the noving e eﬁ%nts,

be g0 npigtvins ovidel thesss ppeimkel 360 may del @rmidrbmsxwide. More generally,

B £ mry R3a Fulhth or Briis B are iR leg osgReg e flexivilty
B EMRAEthIERAK eI usiAg FEA 'Y?Ehit@@féﬁiéﬁi %agtsisﬁ foofrough to
al l ow natural resonance frequenc desi rabl e range

e g K4xapprefigtedt thatsthe @as}mdma@ltmf FlgS4 16¢ anghdbDemeyl be guitably

?iggf\%l.t % ??1 g}JOVI&G ﬂéjxsu(reesf uétjérgfnggtinlcﬁ.n#%ss dtl\%é? EE %%%%s and/or

F%Jlrgad 1g/gl S0 aptoideC ff[b&&rese%bwla&klldWSe\Hndﬂok Uhlidkakdsed) @ry either
an arra){ of .actuator_ elenents simlar to the array of
penginuayelegicdiprontinuqusiias saawn; andrither rapulady asow qrdrregularly.

rows pf tHe %ﬁo%d&é@}:n ' nﬂncqénggge% $hO rduJP S Jheﬁ %ﬁe ﬂ]g:xure in the

respectively skewed so’as to | ncrease
dic¢catiah arf mbtimeof thet imaving asberhent pelodced 'Ivntlth" as g]nevéimensmn of the
e . rows in Flgwuéj a e unske d and i cal

ﬁ%? DSIE e Jirplion s ERen F iape dife Ozﬁ{ moving ¥ element.
nut uapl yargbil8ngshantalgd -of e iefhbBBinRNR ijﬂ% sViEW £ld 8D is that in

al ternative enbodi nent of an array of actuator
ﬁtm@fsyarymgIcmhswgcteonls,ag/grv@ng tkmﬁ:kmnssesrtg elddsetitesstress is not

sandw ch ay 1320 and

B HAEORT T Dordhoraan B iy AR0 it Padigubpged over al
ihe GhPaAGLENRAER pdttibAabf the flek@es - ARG! igeferfMly, 6RE Ntress on the
actuator elenment is square rather than

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
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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round. Each actuator elenent could al so have any ot her
cross-sectional shape such as a hexagon or triangle .

wob@7/138s8d S an isonetric array of actuators supEpit2067/000622
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within a support frame 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, si ngle one actuatlng devi ce, a plurality of ‘

aed siyliageensl st proughdoialiew, nathe!l ssonanss frequenaoat sdesirable
t f I

o ga é%azt &?—T%o}fo?“cpfsnart%g Iﬁ?%s Iglfl,f féﬁﬁe ﬁ){éfle\{ieﬁatrga\?e SiVaitaeSSus to use

fleeqreeofvaeging mlélfmss&ﬂhndiot wittiey e.g| asmiﬁrstra&di@ﬁlganmc - 16D.

diffe%ent di spl acenents.zihe devi ces not

shar e 'forkp dh@ MRscraticiretianab yievhidlustratian; d‘ntaéraw petuater elements

%ﬂﬁfa?rto"@&ﬁﬁﬁ of fmgel:th CRBIk Ahdt SierSf larﬁgow %&G%utlve rows of

controller 5 The term "active area' ers’to

Quiiwidlﬁaldn@‘sag sterentnal latehes siroofespédtivekyt skaived selecsmerﬁlnsrease the

in_eac r i,S.a i at ed,t.hat general
pamBE o R S uRP BT; BiGGd s SFOS hauti rovs in Fig. 17
Qﬁehlﬁ{ské\bélﬂalﬂi SRRAKS lconiphiBe daleBingMMrCitra2n WRicR WY @9 mutually
a{ a speaker constructed and operative’'in accordance

igneda preferred enbodlnent of the present invention
IrngIf g*e%ncl)% % tex lo dtvllne af: \/\7\}1&% agtﬁgﬁnégaﬁ]egxggg%ar{asy oef actuator
pleaiRafs! ityhading Q1 ldyer r1l8llfbed’f flovitgt Blefnehtseda@dWithed between a top

§£OV|ded which again is often limted by the active
ung ayst d§2(|> yndtquwéomslataha@galérqrcbﬁon tapparatygeof Fig. 18 is

§ﬁa§§ct&§zeﬁqgr{h§%¥:’ A s- @étfo?ly?ie%%h a{ct @Céiexﬁ&h%t gﬁare rather than
array resi on a wafer 'S to Serve
emund. Eaﬂdmhmtt& elanmdny cauld elsatlave layy smaf trossasgdond] shapendiich as a
ol ume need be provided. Hone speakers typically

ﬁ@ﬁ@??gr ®a0glgt er nedi at e soundvol ume range whereas

publ i giaddr gss FRERKRS frrhy B'f%{dab()r;'@ %o@teh a{fﬁﬁnsep'f%ort frame
vol une range, e.g. their ‘maxi mal vol u

E@e@d{@ axapgiwecma whishas the sitf 6fcthe |ant1‘tehaeasmfuh¢ irgfividual actuator

gré%y ?tg ﬁlég 3% Wﬁ%o(? gFa hgmg eo?a:égé fug ng gevuye a pli]urahty of

&ﬂ@dtirfgaddvﬁiés ii$ pﬂﬁ/ﬁc%ﬂm medd@Mcetsheeed et beddaReAdariladn tach have
cel | phones typically do not ﬂylre hi gh sound

aﬁfgmm yharpgomsfies sughieasebyt g1of llmnieédo disfeeont ¢lagly frequencies, different
0 I [
%ﬁﬁzﬁgllgﬂg g;ﬂosﬁiegﬁagh f%fgérﬁﬁéqcﬁfﬁg&ﬁ%ﬂ& 'Iﬂ¥ %n\t?lcé)s mzé)( ay %1&1?1 not share
aﬁnlbcmeh'e quoh a i bue thot ﬂlnﬂleﬂetotdodﬁsﬂrOOﬁﬂ?ﬂﬁfr ﬁllﬁ]@mﬁ: Heeld controllers 30
ection of {mverrent of the elenment to achieve a
ﬁ%ﬂ?f Wﬁ ¢5PBng the el ectromagnetic field gradient
al i gnege Y@rﬁlh'aEtlﬂx% S8 fefds ?d ﬂ% (ijogbgseg 151%"1;';&1'&9 of all actuator
Referring again to Figs. I nter a
clpwents imeadh drtegt It if applecmtﬁdlthatgdenaﬂy,dhe aarxge:uf gnuﬂmmlmne (or,
t|||zes conducto cur, ent n bath sides
it F SRSt ) SRR B RhinS S Fa e ofised by 2
§RARer ton§eddt@Nand Bﬁé}aﬁ‘}'éemeﬂl&ﬁﬁﬂhé’e Wfth‘wﬁreférfé@ @hbodiment 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
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
' 62



each conductor would nove in opposite directions when
current flows in the coil. A particular feature of a

wob@basdses enbodi ment of the present inventi onpét208t000622
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the stroke of notion performed by the noving el enents
is relatively |ong because the field applied thereto
i's magnetic hence decays at a rate which is inversely

rtional, to th dlstancebtweenthe novi ng
3P (i faues weherss Rughe Ereirepy Redkes JyRiRdbhgtret ileee iseprgl volume
ong r I I
lré}lg‘é @Ié Stﬁ?l?] \r/néar%gneéﬁ v%gfrr%eg%%l IB% ;f]za(P B! gi;g &a%ﬁ}?g?%“’g? 51?{31 glffer in the
dmuaho%pbm%apaqamadmk for tﬂeesmaker Emdlly hhe elesodtitidnc of sound

SR P Gl g 68 i 355G i 1 Shelshid by, e
wm;hv)ﬁém kﬂllﬁ@@ h@t\&@&’ulk’hﬁél? wm'dsluw@r ERS&Ar GRRER lihfed.

| oudness "t hat” can be achi éved i ncreases because the
ai r pAeseding gessetpiant erabdsymente Oﬁlﬂgahplvmrl@mweytlmt layers aff magnets

PR T SRRty B bRERERRTY it (R RERIEE B Btions omer

#ia28 thedirediioansfadotemdde of i élbx’ﬁ&lt&o gichlleﬁe b hgngBasefotdtadlong the
t he novi ng el enents need not all be the sanme size, the
1

GBI 910 adiret riame Wish thedspirrdRlamentiveviog direction
|

the sRekrtie Ban & Ak 0L (B! dia, A6 HpHRKia @RI | Inloil used

is0of] and s g et bt mlltlhzemdduttmdirs barveing berraamd batpsiddsudehodlements, and

| acenent e.sp eak r devices.shown and_ descri bed
ﬂ@ Brgpety @retillppfia]sliwey lapt f §AM¢ dUegioge Shsii-ihg clemaeaien one side of
SRR BnlRSOIY niRE 1 PERRRA flfr&tloﬁg GSA Lot YRS iF et
into an i nput digital sign sul't e protoco
may bé parptugettatuee gbaeraitred mabc)chment dff thietpaésest pmetion is that

uch as hut not m t o PCM or SACD).
ittt of MoePenertaintE By U, mohing slimensn, e Biely;lens hegguse the
ﬁ@lﬂ lied B¥RILE S MAgrbtigiheAle MIAYORA MtSWRIRhAS 11&@P &M proportional
C, or AC3 in which case a decoder typically

Ebﬁ@r(il%taQWeb%‘ﬁm thegueving ghalentsmnd tha curreunprodedegithe magnetic
glgfélgq%n %@gﬁswf %tro@?a% 1te}1do éec t al ﬁtv@u%hgjﬁ\kegr 33' p10port10na1 to

des squabe df hae &hftaﬂi@ybélﬁfeélﬁ(thé |Iﬁ(ﬁﬁl@%j em(nents and the electric charge
appl i.cation-specific conputer

Brodusing thsnaectiastatia digld. dsrapiesult pHhe ﬁ@gjstb@cep?@hfewhbﬂ the moving
?lgﬂl\éﬁ@t {}%n%lé)é{ty §ch§’eveﬂ'S[h&gtgplK }n rférél&%iag%nr%ﬁertlh% loudness that can be

I nite:element “conputer el'1 ng an

aotpered iemtats bevaudsdhe nialptegsuragemmated sp drkdgh etlocipnistion of the
novi n eI enent s aée provi ded, the dynam c range

{Tkﬂ’ RS BRGHEASALt he | oudest and softest vol umes

that pag r&i&@ﬂ?a@)th@%ﬁﬂmé{’ﬁsd%emﬁcgﬁ q11§stt1%fetd' RdEein are not

(the |l ess 'the sound resenbles the input signal)

néenda g0 derdintiting gred llt H@ fengythenthe mavige chawmtsescedimbe all be the
gﬂmet siZe, thg ?gg’oups o?‘ movmg el%ments or individual moving elements if actuated
individually, need not operate at the same resonance nor with the same clock, and the
moving elements need not have the same amplitude of displacement.

The speaker devices shown and described herein are typically operative to
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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speaker elenents are provided, the apparatus is
small er and less costly. CGenerally, if the noving

wehenanicso have | arge dianmeters, the rati o bet weeniL2007/000622
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active and inactive areas (the fill factor) inproves,

and there is less stress on the flexures if any,

assum ng that the vibration displacenent remains the

samne, mhlch translates into longer |ife expectancy for
Rtwhighcaseea dacrder thaigelly eqverts therppminiepsed signal into an

prgdo\,}ﬁlgf, Eﬁe@%&ﬁmﬁﬁﬁ'a péiyaneters, nore elenents are

per unit area, and due to the | esser nass,
| ess ®wsigand! digitalepuidspedkdrs ih hecadahceowitht 1§ of the embodiments

ectro net, c force gener at.or, nslatln into.
ISJE)‘Wé'? aﬁgﬁg‘?wﬂ hesi ey et@e#éﬂgﬁfﬁéf ¥ fappligatipntspeifierFomputer
HRBliRs sHe thlf?&(tlotng eLSﬁHﬁb&gc a@ﬂ@ﬂﬁﬁ rhay b@b&ForntBA" c%nventlonally,

vol une i s produced by an arr a gl'ven si ze,
wiger eamgi flltile daamiqudmiteelenent s ratnppter he‘nedeﬂmgl egd empiric
tress n.the flexures, if any, and the power
s are I ower. Generall y, if the sanple rate

Is hl giéneﬁanys B ahastspealag udéhb@s fﬁrﬁﬂ%%nélérﬂeﬁtsb”ﬁg p’:tsmed the
i f

t he audi bl e noise is reduced. On the other
feangig mignge (differgnse | bripveerc dlg doudestoand sro&psiegolugm dhat can be

%]bdu:e%z %%gﬁ?és Wl%?ly t@&st@%}’&r%ﬁeel%% t'h? TBHS rearrrelblleso i input signal)

ree €s 0 speci Tic Speakers are
bewmbes;mallbednd E)eaﬁ‘adllﬁ:ndy rdrige 'iRyoraes daddry ©8 the other hand, if less
man fa?ture a nobi | e glone sggaker mhlch IS very
%@Kw elgraenty e pputided, thejagperatws sugpalics anklepeenstlys i ngi ng

int h@eﬂ%%y,gﬁ%g}m(g{fﬁzgeggﬁxgﬁg %Mv%%eécfexa@&ggdthg lfgtlld BQ{We%n active

The desire cost a spea
ped atactred gxe&s’rﬁhé fidlr faetor)simghnoas, apl there330assPstrebd om the flexures if -

. gl idne 0o SalarBent gt GprBenshich danslates ino
ﬂfh&gphﬁbé@eé’th@yof&'tﬁ@ enfp@bst. OLOHR: ARG KBTI the MGG elements

i n nmobi I’'e phone speakers dictate a m ni nal
ha\reagméi digmeferst @m@e @l@mm Fe (proviped pa wsl atrga, and due to the lesser

Nt10(60/20 Ther ef i tabl.e s

Moo fitehn o5 BERBIGALG wR il € Pl BRERS Ragnstis, frrogo enerator
Ghuiddtbhg GhtoUPTer RN rfuedyhteg an area of about 0.3m2.
The cell size would therefore be about 550mm x 550mm

For pPgesrpaldn|if theagbrasion displacamgrisal the mavipgetlemenis it fnage, more
&bl‘hﬁle 15' Efodﬁg&f gﬁ)érrg'ﬁ%? ]'51 1\%'1135 { %el%];s ﬁﬁgmme H%lﬁlltlt{/ is small,

easona acent I sucC a novi ng ele
Bereais bast sﬂr&kbmtlié'rﬂk)(maif ahp, gndakg powdrebgueralehgré ever.

targe ne to be achieyed. The sanple ra may be, .

| ow, @e@eragﬁz He, sagipig At %&bmgg Bﬁgﬁé‘%ﬁs& Biaducible frpaHenais high
BYd the a6&bleuh&ike qg‘ GRRRLA ! O othEX 3IRY eg % el $an! € is low,
desired to manufacture high fidelity héadphones *havi ng

vaelerdtiogh, ferwes dirgesaini flexufes u@aneand powsT telqelrermends werlywer.
' ch,.are addi. onakgé smal | enogg to

| |
bl b sKRBR R PP rrPRaT PRk AR AT

the Example 1: It may be desired to manufacture a mobile phone speaker which is
very small, is low cost, is 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
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©"?"), Therefore, a suitable speaker may
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extent possible. To achieve high sound quality, w de
dynam c range (at |east 96dB), w de frequency range

w@ 20a320KHz) and very low distortion (<0.1% pewie07/000622
used. The m nimal nunber of elements may be, given
t hese assunpti ons, 63000. So, for exanple, the speaker
may have 65535 el enents divided into 16 binary groups.
Maxi mal | oudness can be kept |OMI(8CUB) so as to all ow

gP@prisec HBnNgving elgsuts potiererAntoTHL binagy greyps, each prpupying an

Iile% Qﬁoﬁ@fﬂ}g 18E 8606 Woﬁfli tﬁ&%fﬂ?@%@ about %5’% és?%ﬂﬂ?.

anete uch an el enen occupy a

200mmExr gfadtioal m‘as@lsoﬁm’tﬂrgsstcrhmtlh@éleﬁlﬁﬁt&ﬁateﬁte Iﬂﬁl@l&pacﬁ: iniay have a

t 26 2 5 Th
g, %éﬁnuea{‘r:%ﬁoa% T uilcominidor ne H}%wegf el??r@aheﬁx ye about
5 1D6um EAK @eak Sto FRARY whﬂ:hp&ﬁglég &he %gékolﬁignesg— I?(t? be! é&ﬁﬁ:%&d The

standard sanple rate is may
dmapheerdtet mayrgnUbaceg 82 aKHxa,bd;m@e a@brle:phowemmd is éngted by the

anc which is very loud, has a w de
%@Hﬂé <ighg[gﬁzextends to very IOM/frequenC|es and

has | EWaﬂ RIDIMTE h2F- belMBred & thanTACRRE BT idelivPh&Rbhdnes having

have many Iarge nDV|qglelenents 600mm novi ng el enent s
very bBighuseund ghaldn @i

10 %("i’c? B‘Io‘%aélggmﬁgggﬁlhet?e lg]ei 3 o%? gc%,)’lv ¥rrga§1 na(r:lfg/ff% eq cos ezt?;ctlve to the

ex@nnmﬁmek 262143 noving el enents, partltloned |nto 18
binarﬁ‘groups may be used. The size of the speake
may b

SEREIES B o 0 €15, Ohrd IR PRy e . i

eeta;patﬂﬂele)ofandh ey ab@rrenmss, @hd which are

odsbisve Avghnsqunrb gralityn; widgpduestc tgigiectat 1gast 964B), wide

ﬁhmmal ammaberaifieferhidntd thay batgivdd these33summptponsf €080] §o, for example,

5 R s o 5 A A S imal s

BROPSkd 16W %Q(ﬂl]ﬁtsﬁ%@% QII@JV dplackiBRS oL NRERM P, The smallest

conditions so as to allowsufficient proximty between

toeingoelementedapatatod sach dmglat:heemds ecebaus 180 ihatisrhegsr. Such an

8&0 g}?g}flg}g?lﬁf%ly %:ﬁ%ﬂgg %R loﬁllﬂﬁr ev%ﬂ(éfinarg lbcsrjf‘ggtvéSIgQS elements fit

116 BB alcd®F 267 1hiée! a§2‘{ﬁ§15x BOnas The k@fAplkratehis iyPRARY at least twice

Wth specific reference to the Figures, it is stressed

20 hedvighase frpanenty: theapsaken dawmeantdo pyoduess os0E kephe chasest standard

%@é?@g&gesengg% illustrative dlscu55|pn of the

erre I'ments of the present invention only,

and aEeamplesse ey baddsired cangsufattupy Oputdicnddwdatpeaker, e.g. for a

helieved to be the nost useful and readily understood

deserslphi WhicBfist ¥Ry pechdia e avidh dregpincs paien. axdgmeeg very low

ﬁfeqﬁéﬁ%le's MRS W dlsgmrtlgh STﬁ&?@fﬁﬂ ’PPP e@f(ér cdlﬁf }fﬁ@g ‘?nany large

t o show st ructural etall ent|

25 devaig clehmntsi H00pme svving felements may be used, whlch are capable of

displacements of 150pm PTP. Such elements occupy cells of 750pm x 750um 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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fundanent al understanding of the invention. The
description taken wth the draw ngs nmakes apparent to

wobosesski |l led in the art how the several fornecDiL206m00622
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i nvention may be enbodied in practice. Features of the

present invention which are described in the context

of separate enbodi nents may al so be provided in

conbji nation in a single enbodi nent. Conversely

peficignbRrosimity betiee feimaeving Flementsd 0d3él§éh¢ ble@trqstﬂﬂc latches 20 to
t (0]

U5 1 L AR et B R BB Ty st an

Emma@n@ﬁmhsdvmnmnhgkaﬂ&a&ﬂhsaﬁamhbﬁnﬁpam floatlng, or
may be nounted on filanment-|ike flexures or may have a
sur r odVith PRecHtsr tefsrnede he) Figures. 1Y igsfretsed Seat dpq partioulars shown

BT aioed pXufils A pUBERERE M FaRY dBhoR SO eterrd

dmbodmmﬂt:k aflibes presdmn aiaﬁtenoienmlbfyamﬂf aralpkestiited jin thb@:auﬂa\dflmoviding

?\Jhﬁg?snbfih%y gf o 5@%%} ﬁ%&g“agﬁdﬁﬁgglngu&érg {)(hcb de&nptlon of the
9h§&ple§ Q@@&%@ﬁﬁﬂ%ﬁ&ﬁe&ftﬁ@ﬁw&ﬂﬁomnﬁfs% drd, ' RePER made to

may not” be arranged such that the poles of Ssone
ehcgv m%uraiedfémﬂs @f ethe pweitiosl yn dierpodesail tthan He neoessary for a

t he remaini.n 50% of.. t h ne
? %Ib‘lgrrl]t I:nrtlc#erst u}ﬁ ﬁf fl}? 1nver{tlﬁ)e ﬁ"g?%%scgwggré t%g W]]ﬂh the drawings
flaReSappatht mhostea;kswdnﬂ thead v fhe se@érhioforheaf the tikdeBfion may be
wi thout a large central portion, or notched or have

SW?O‘B?(HH}P@%IHeabI e configuration. |ndependently of all
this, pCORE QF 1R pr n%s%h? Fl%nt whiEh fafkd{ié/sglqb@f i o[ﬁef* Pgnte)%t of separate
I na y o

groups or any cdt i on thereo epen
ainbodimeats mdyeal s lmaprobﬂed) n&cmmbxmlroa ia nrsﬁlgfhe anbalimerstt Conversely,

frbess SEats iemore bt LP&F‘H} cf) ft@ﬁ@mvsl&g@le “Gontex! of a single
EtnbSHhRhe 8k epmhawr&g %?Aﬂggé}ﬁ suf?ﬁbl@%b&ﬁﬂﬁﬁanon For

sui t abl e shape. The pres |nvent| has been
cresaple, badving telenzentemapiba ﬁ:Egﬁi(mlngf ompmay ibeuhauritedy pn filkment-like

DR FELE Y bt G & Rt Gt e "FRITE il Malgpendently

8fithid, @hd e oS AP AoPbe EdtFidutdd ®Wedtte air leakage therethrough
d ai ns: | M5: 1. Actuator %Epar atus for generating a
%Qgscemd abqvsct Indepentlentb ofoplé this.t the buevdng Flegient may for example

5&5945 ?s%pé) Qgﬁ‘d Poral‘od GARL PN CJP@IS éelzer%nafi%: m?gne? or ring- or disc-

st gnal anple
slmped Mgmﬁdmdah@hﬁglkets ﬁmoa:ﬂbdzrrﬁﬁwsr m@yrﬁdstl 5] amgn@éd such that
I easifa%ge actuator device, each actuating devic

s olfioh §oma f-8ap Y Ay hBeo s PPRPSEFl¥ HisPosed 1Rk @alFs idbyremaining
ngdm% dy ?rle e&glngkﬁéﬁ‘a n)’soc‘f JIEBROAR1¥Eh El‘?ag@ i RatbR%ection,

gnetic fields an trained to trav
bé¢ saidpanmilar, batf(kraaddwﬂnmt Witladud lagarge rcestpe poition, axnstched or have

! esgt%grs is%?ab&e con 1gura 1%}1r ?n?gen%entfy OP ﬁ Opggn?rto o?' latches may be
individual or by groups or any combination thereof. Independently of all this, there
may be one or more arrays of actuafor elements which each may or may not be skewed
and the cross-section of each actuator element may be circular, square, triangular,
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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t hereupon when in the presence of an alternating
magnetic field; at |east one |latch operative to

woeleasscsel y | atch at | east one subset of sai dpaDui20@7/000622
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el enments in at |east one |atching position thereby to
prevent said individual noving elenents from
responding to said electromagnetic force; a magnetic
field control systemoperative to receive the clock
and, &dddMiiingly, to control application of said
el ectromagnetic force to said array of noving
el ements; and a latch controller operative to receive
gai d dichiataal appagiiis ﬁirggb@braﬁﬁgl a physival reflects at deast ohcea&hbute of
one | atch accordingly. paratus according to cla
whichh epraesiordsi & 4t 3%ast ope rﬁbwaﬁ@né%ﬁérﬂ digital dlil%o%@ﬂﬂ Sampled
I |

PRESUEAR thiall o A Rl B HBorBs <P H R 21 o) 18, otuator
idsviogendt acheating ddeice m@luaihng east one attribute of the
sound to corr ond t t one harac eristi.c of
he dab TEY Phguitvigs glementss “hesplr Scflo THRGOrh Rgvine element is
¢BbMBive toMIRIRtg! 8eRA TRIRAMmdAE doRARAnQING WRNE Iaﬁaaatlaly back
thereby to define a Shortest wavel ength present in the
godirfdrtla rdongh & rrespeciewe hxis aiespomsive rtg @l eleemomaggiclindorcg operative
cﬁboss se%gl on.which is tp end cul ar torﬁeegfg axi s of

SVEREH ™ Hé“WﬁPE‘FFe’a%ef‘? %g@gne&'ic i on ther eof
and Waekgitdont ecH Gicgaste 6 |séISdEii5v|el3ﬂlaQB aCRakt chisdbset of said moving
cross-section is small relative to said shortest
\ﬁ}@mntsmglt #. least ongdatchingspostionrietely tto pedvenhsad ingisidaplhmoving

eeflé{) %Eesﬁb@%é{oosﬁh %1%0‘51% ﬁgﬁcdfo dJ eDSS- section is an

n sai d short est
vvavel anmgneﬁc filldpahablsyseac opatathg tb e tiie Llockhad eacoordingly,
said at | east one latch conprises an electrostatic
taeemrol gpplgahar &f gaideflecomagneticolosteatonaid armepbmeving; dements;
| east one latch conprises at | east one el ectrode
and at | east one space maintainer disposed between
sai d adately caftroifowdopayateleaneetescaad digitad igiut sgasltandrie control said

el ectrode. 7. atus according to claim®6, wherein
Q{E’P%Qg? Fatt)‘i#’e“g@ggbgﬁ%al ntainer is formed of an
insulating material. 8. Apparatus according to claim

1, wherein said at |east one |atch conprises two
Rat chdgphmstusezschrdingy |tm@18emelsewhemplesati| am&yt of Ietvastg elements is

?ggg%ego W’\/}Eﬁﬂetlhﬁgen)nﬁtﬁib é\o Whggeé% ragp %i}pos Oc,flt «? magnetlc field control

whsedrRiafd #le laRBon@OKerQf opéhlveVdefitle @t RARIUNS #£@iBhtel T8Be sound
a permanent nmgnet.
to correspond to at least one characteristic of the digital input s1gnal

3. Apparatus according to claim 2, 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.

4. Apparatus according to claim 3, wherein the largest dimension of each said

cross-section is an order of magnitude smaller than said shortest wavelength.
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10. Apparatus according to claim1, wherein at |east
one of said noving el enents conprises a conductor. 11.

wépRanaicde according to claiml, wherein at | epst/oNer/000622
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of said noving elenents is formed of a ferro magnetic
material. 12. Apparatus according to claim1, wherein
said latch controller, in at | east one node of |atch

control operation, is gperative to set the nunber of

Rovi ndPERBHSACSORHIECY daist |1} atheren safyat deasheng fajeh pemprises an
Ef&@tr@étﬁfélﬁ&f{agne“ c force to be substantially

proportional to sound signal intensity information

coded in the digital input signal. 13. Apparatus

fﬁ?;ﬂpggfa%g %g&igiﬂigf}fo : Qii%;] i, &@?Félgtsglrd\r,ﬂ?épfgﬁ?gggllgtgﬁ cgmprises at

FABSEifEleMPodeOMR. AT18asthe dbAct BkRRhr diéhos@PPALREY Said array of
according to claim1, wherein said axis conprises a
fiovatg dethéntamidssaithat leastemelectode] | near hal f-axi s and
said two latching positions includes a first
| at chi ngposition disposed within said first half-axis
and a@ﬁ@@ﬁ@ ak@dr&ini g cRAk 6t WABretH SNOHEHnFabé Mafiddifler is formed
second hal f-axis. 15. Apparatus according to claim 1,
ghap iselpagymaigrial. magnetic fiel d control system5 al so
conprises a magnetic field generator generating a
magnetic field across at |east a portion of the array
8f noDWipparatiseresrtimhgantldammhonkdreias daldehtdessdhe dattle tomprises two
Yni ch control s said generator according to said c]ock. .
“hep for-gagh Movigdsari grerative tg laich saigaewng elegent Indperatching

PQQE&%'rle%Jécﬁv%l )perative to 10 collectively address at

east one group of noving elenments which is a subset
of said array of noving elenents. 17. Apparatus

ccordin o clai,m16, wherein said.latch controller

B oporhithS Etstibl 8 claiel ™ Bttt desBhar 6F Sl Toviig elemens
SOHpeRS Q pRim&eatRagheRar act eri zed in that -each n'th

group 15 in the sequence contains Mtinmes as many

nmovi ng el enents as the preceding (n-1)th group where M

ks an,integer. 18. par.atus according, to clai.m 1. .

or o nPAES eqrbipg SRR, S RGTR R b Bt SHilbaying ctements
co@pses aebhduttadef i ning a periphery and is restrained

by at | east one flexure attached 20 to said periphery.

19. Apparatus according to claim 18, wherein at |east

? gre rren%\g Ans la@é@@i&‘xg gg' glﬁhﬁ g, (foélte[rflegp%%ﬁ oﬁé@&a‘*ﬁo@fn@ elements is

roma sing eet’of ma
Apped af aferacmagitiogndteriall ai m 18, wherein at | east one
flexure is serpentine. 21. Apparatus according to
claim 18, wherein said at |east one flexure is forned

3. 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.

13.  Apparatus according to claim 1, wherein said array comprises a plurality of rows

of moving elements wherein consecutive rows are mutually skewed.

14. Apparatus according to claim 1, wherein said axis comprises a first half-axis and

a second co-linear half-axis and said two latching positions includes a first latching
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an elastic material. 30 22. Apparatus according to
claim1l, wherein said noving elenent conprises a free

wo boati3ssgo el enent . 23. Apparatus accordi ng to cbei/m2897/000622
wherein said el ectromagnetic force is generated using
a coil that surrounds said array. 24. Apparatus
according to claiml1l, wherein the latch is operative
to selectively |atch at |east individual ones of said

%Py déspessdnivithinnsaid disstalfaxie apha weondunt¢hang ppsition disposed

Qﬁﬁﬁﬁé#ﬁ§ LR aPY. kO prevent said individual noving
el enents ??onwrespohding to said el ectromagnetic
force. 25. An actuation nethod for generating a
physical effect, at |east one_ attribute of whic

¢ > hi ch
dor r eS\PBRGLISAsCerdingdq stai e 2pch ihgrebiaid magngic figld control system
5 QIsg'cBngrik&péJhla%h&ﬂ: ield %gﬁ)érﬁtgr ggl{ehﬁgigczmﬂa ndtid field across at least a
ck, the methodc

accor nce wt a clo onpri si ng:

poviondifioe aitray efrnbving elamangsyardfa magnety fedlé nenttddlee sadich controls

canstrained to,.travel alternately back and forth al ong
5o SERRIALPT deeorling & ﬁ?ldrgg‘ﬂ%nse to an el ectromagnetic
force operative thereupon when in the presence of an
al ternating magnetic field, seleqtivglé'latching at
least Apperatisbaseordafg tatldinrdy iwlgresh emen
Q .at.chi ositi.on thereby to.prevent, i ndivi.dual .
10 ﬁgl\?/elchéelglagﬁgeﬁ? g? #ela%tngr}ee%rg% 8%‘ l%ovtl glgfngnts vr\}l%ch is"a subset of said
etr@E bf Movigp elenfentsOr ce; receiving the clock and,
accordingly, controlling application of said
el ectromagnetic force to said array of noving
ene ; I j.ving .sai i Qi ' t .S . a -
Tt appiriR ik Gfifle o iBP L £ Shéfbd ot DA cSiye) i#kraive 1o

accordi

tchi gpngrollereseperative to

celldeddelpaddress eghtad acdequence of grdups eharasiatizkdainrthyt daals n'th group

center and wherein said step of selectively IatChin(%ﬁ (n-1)th
g -

b HiSr $edBANCE £ORRINIGMStBeS #5 BlaRh Mayigeflements #s dhe prece

gﬁ;u rvmep@]fqi Q%ntixgtggéi{.i stance of the specific noving
ements fromthe center of the array. 27. Apparatus

according to claim15, wherein said magnetic field

nerator conprises at |l.east one conductor. .28. .
A8 par ApBeallS A5rerig il ya8rein gl dest Angaf §id moving clements
ANUIHBEOec EONBEARSSa Bersitely 4HRME R tr@inetl 99t 18R Bnk WeRure attached
29. Apparatus according to claim15, wherein said
20 teagpikpéripbfivel d generator conprises at | east one power
source connected to at | east one conductor. 30.
Apparatus according to claim 18, wherein said at |east

15

0pe fApparatscRBSHIRgSoaik {8, axitiés at Fhst ARPALANYSlement and its

according to claim1, wherein at |east one latch has a
Festraiging flexures are formed from a single sheet of material.

25 20.  Apparatus according to Claim 18, wherein at least one flexure is serpentine.

21.  Apparatus according to claim 18, wherein said at least one flexure is formed of

an elastic material.

30 22.  Apparatus according to claim 1, wherein said moving element comprises a free

floating element.
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configuration. 32. Apparatus according to claim1,

wherein at | east one latch has a ring configuration.
w32007A8888¢ at us according to claim1l1, wherein apct/a2887/000622

one | atch has a perforated configuration. 34.

Apparatus according to claim1, wherein at |east one

| atch has a configuration which includes a central

area which prevents air frompassing so as to retard

a3 c Appaigus fceordingetoe@gim d, vibstsin prid slackemagestiseiorcet isegenerated

' . | atch. 35. Apparatus according
#‘%&P%Frﬁ}:ﬂ%g?&%v&@rgglséﬁﬁg a?’east one of said noving
el enents is configured to prevent | eakage of air :
through the at |east one flexure. 36. Apparatus, .
atcor dipRgratys acrardiesty slabm di svheednihs dately 1sappgrative topspdectively

5 zzfi@d:ﬁ 1ERE HafVidRi 89(%5309@ RAmAE Efhe@ifla 849La¥1© Bné@f’Watching

enents and sal atcn, sal space nal nt al ner

pesitionsnhemby yb prevvent suad imljviduad moe&ng eletrieots, frandesponding to said

mﬁ; ein ag |.east one of the noving elenents conprises
& CQWBﬁﬂﬁlgﬁgp%nent whose cross-section is smal
enough to avoid the flexures and a head el enent
nount ed t her eupon whose cross-section is simlar to

£he crosatuationinethed fergenesatingdephysdl effpppaataeast one attribute of

according to . claim9 wherein at. |l east gne pernmanent
o SESForrrbtisCiod ket O s Qlisit 30 gl SR Aoy sampled
sc¢ally SR bEbofdincd ¢vithl 2SIk, tHaasethdéd Sdmpishgsecond si des
acing the first and second ends of the axis

r espeBIAviding ahdepsiveere eirityael mexte epmepsrosahconstrigadeto travel

aim and
Caropopesativg thertdpongvisai id tia pragenoé ofmvdlreenathg meighetid fidld;
notion . includi ng, bringing said array, of poving .

15 el enemlgcwﬁkygla ingest dfash e Flé%sefh?ﬁi;ndpg@ivmgoﬂ?malﬁs impat least one
[@éﬂ“@?&ﬁﬁﬁﬁﬁ&e {oPprebett M dudMasivaid el SRbsts Fomd 2&Snding to said
onell at chi ng po%toio%n conpr i slés a tog|c1>e [ at c%i ng %ﬁ;ﬂ g to st

plestrernagnetigitbree;bot t om | at chi ng position and wherein

said step.of bringing said arr into at. least on .

2t chiSig s  BF oft b mais e Shiag n g dapHing; abpfgion ot said

tRereRydnefc &IréM¥afd drhyldFendVifi@dlemBits, dniei r top.

| 'at chi ng, positions and a second subset, conmprising all
20 renmi HcyIng seifedigisaliipput ignalrandyrontrelling pasd lat¢hung sap accordingly.

| at chi ng positions, wherein the first and second

subsets are sel ected such that when the noving

SRR A0,y S00L SRRl B g, S oo

26.ement sethod tabeorlling b obdith 3% otitgeis yhideirtayaia d dentdr@in wherein

and bottom | atching positions respectively, the

top )
sa3¢ atep s sslsety el Fatrhiiese E0TRRFISeR datehing piectlicemening elamentipat a time
EétEﬁﬁinéd‘pysﬁfe distarRE R the specific moving elements from the center of the array.

25

27.  Apparatus according to claim 15, wherein said magnetic field generator

comprises at least one conductor.

28.  Apparatus according to claim 27, wherein said conductor comprises a coil

30 having at least one turn.

29.  Apparatus according to claim 15, wherein said magnetic field generator

comprises at least one power source connected to at least one conductor.
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magni t ude and opposite in direction to the total
pressure produced by the noving elenents in the second

wouhwassesdtl. A nethod according to claim40, Wersiz07/000622
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sai d noving el enents bear a charge having a
predeterm ned polarity and wherein said noving
el ements each define an individual natural resonance
frequency thereby to define a natural resonance
frequency range for the array of noving el enents,

erei j L lce bl .
S0 Hognah ar A na 35 0y 58P HERT 8505 1 Bh BATHCRE consiss of 3
deeurenit s into the top and bottom | atching positions
respectively when charged with a polarity opposite to
said predeterm ned polarity, and wherein said step of

Byt ti 'A%gi{%iug &%ﬁ}’nggofo !E%Y. ng, @Jh%ngxgtﬁ 1E43t ng%icg{‘lé s a notched

conpr | char gi ng sai irst e tro-static of
eadigunationng el enent included in said first subset with

a polarity opposite to said predeterm ned polarity;
charging said second el ectrostatic |atch of each

BRVI antpﬁiuﬁqu Nhccoffing! A8 dclafin SRI WHRRGHPNH RHQSBhe Waich Bas a ring
polarity opposite to said predeterm ned polarity; and
egdigpratigna sequence of el ectronagnetic forces of
alternating polarities to the array of noving

el ements, wherein the tine interval between

8Bnseagbari@®s aRPdrth@t 100s18in®f1, fviticgsin Gt 1643€ ohaMRcRUadral porforated
varjes over tinme, thereby to define a changing
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frequency range. 42. Apparatus according to claiml,
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avoid the flexures and a head element mounted thereupon whose cross-section is similar

to the cross-section of the cylinder.

37.  Apparatus according to claim 9, wherein at least one permanent magnet is
annular.
38. Apparatus according to claim 9, wherein said moving element has first and

second sides facing the first and second ends of the axis respectively and wherein at

least one permanent magnet is disposed on at least one of said first and second sides.
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45. A nethod according to claim25, wherein said step

of selectively latching is synchronized to said cl ock.
w@hdAzseéppar at us according to claim18 wherei pcEai2807/000622

fl exures are non-uniformin crosssection. 47.

Appar atus according to claim46 wherein said flexures

i nclude first and second portions having different

cross-sectional widths. 25 48. Apparatus according to

claim46 wherein said flexures include first and

?;ﬁlc on% pr%élliscgdo chcop(ﬁXé 0 cﬂ{ilfnf VARl a‘i:!oot?érhﬁﬁﬁhé %ﬂﬁ{ng said array of

ckness

moving elements into motion including bringing said array of moving elements into at

least one latching position.

40. A method according to claim 39, wherein said at least one latching position

comprises a top latching position and a bottom latching position and wherein said step

of bringing said array into at least one latching position comprises bringing a first subset

of the moving elements in the array into their top latching positions and a second subset,

10 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 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

15 elements in the second subset.

41. A method according to claim 40, wherein said moving elements bear a charge

having a predetermined polarity and wherein said moving elements each define an

individual natural resonance frequency thereby to define a natural resonance frequency

20 range for the array of moving elements, wherein first and second electrostatic latches

are provided which are operative to latch the moving elements into the top and bottom

latching positions respectively when charged with a polarity opposite to said

predetermined polarity, and wherein said step of putting said array of moving elements

into motion comprises:

25 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 movirig 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

30 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 frecjuency 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.

42.  Apparatus according to claim 1, wherein said array comprises a plurality of rows

of moving elements wherein consecutive rows are mutually aligned.

43.  Apparatus according to claim 1, wherein said at least one actuating device

comprises a plurality of actuating devices.

44.  Apparatus according to claim 30, wherein said 3 flexures are separated

respectively by 120 degrees.

45. A method according to claim 25, wherein said step of selectively latching is

synchronized to said clock.

46.  Apparatus according to claim 18 wherein said flexures are non-uniform in cross-
section.
47.  Apparatus according to claim 46 wherein said flexures include first and second

portions having different cross-sectional widths.

48.  Apparatus according to claim 46 wherein said flexures include first and second

portions having different cross-sectional thicknesses.
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