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speaker. must' be reasonable in price, practical in size and weight, and nust
be 30 robust ‘and reliable. Assunming that two different speakers, pi (5(?36
conpar abl e audio output, the deciding factors in realizing a suc sstul
“mar ket penetration wll usually include price, convenience, and aest hetic
appearance. Price is primarily a function of market factors, such as cost
of materials and ‘assenbly, perceived desirability fromthe: consuner's

st andpoi nt (as distinguished from2 22 July 2005 actual quality and
performance), demand for the product, and supply of the product.

Conveni ence enbodi es consi derations of adaptation of the product for how
the speaker will be used, such as nobility, weight, size, and suitability

for a custoner-desi g%é%m@ﬁ%gﬁ%mEAR%AéNEﬁQ%Pgﬁtﬁet| c aspects of
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speakers i n theseinangaedcyof con5| deration, further 10 market penetration can
be possible; as reasonabl e consumers shoul d adopt the product that

provi des the nost value for the purchase price paid. Wth this background,
a discussion of the rRAGHGRRAUNRRICEEERYENRYN ai | ures of conventi onal

pl anar - magnet i c speakﬁa&@fﬂ@rj@eﬁigp gn goals and desired traits of operation
w il be gf ven. Jgﬁterestlng to note that the categor%ﬂof fringe-field,
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a)"singl e- ended planaxamg:;en&)s)aeasgtfrmtmreﬁlrﬂc ety o lrerge Rl slanacifhegils, the |ater

soneti mes being " and both will be touched on as
‘background for disg%g%sg‘gg}n %’?endgdj é‘i“%f d‘2‘§| gns. A conventi onal

push-pul | device ¥s iBdlgogundted i n FI G 1. This structure is 20
characterized by two pg }alf_;elﬁbnabaﬁ;eak&fbeﬁmo,ﬂﬂme@%%mﬁuo%&orted by

perforate  substrates 1 nd_ positioned on opposite sides of a

f1 exi bl e 'di aphr adjﬁY‘T?a“dMF]Eﬂfo?wr?&Fhﬁ‘oﬁé@d%"°&%ﬁd@@thﬁ&f‘é’f‘tf?ﬁeﬁls explitedThe filmis
tensioned into a a&bafuarustme@mﬂucgwtaﬂm&ugy1sﬂﬁto&ﬂﬂi—1ﬂm,sﬂ1@afﬁlald ipfngUppl i ed to the

coil 13, and a v thereb i.ded in the coil interacts
with the otherwi 2“?3 er?sat]ﬁgtﬁf“garfar@r "?% i%’%é?if °F°ﬁ-‘ébeﬁ‘§ ghet arrays 10 and
11. The di aphragrﬁeﬁesfwejprsmuanedagmypdammkmmf@ealwdeklgmmmbaingens in the audio
signal, thereby GRBRHAhH DI A AERhEHAROERduber QM Pithn-type diaphragm

20 of a electrostatic device. However, it has not produced conventional planar-

magnetic transducers, which, as a group, have achieved a significant level of
market acceptance over the past 40-plus years of evolution. Indeed, planar-
magnetic speakers currently comprise well under 1% of the total loudspeaker
market. It is a field of acoustic technology that has remained exploratory, and

.25 embodied only in a limited number of relatively high-priced commiercial products
over this time period.

_ . As with market acceptance of any speaker, competitive issues are usually
controlling. In addition to providing performance and quality, a truly competitive
speaker must be reasonable in price, practical in size and weight, and must be

30 robust and reliable. Assuming that two different speakers provide comparable
audio output, the deciding factors in realizing a successful market penetration
will usually include price, convenience, and aesthetic appearance. Price is
primarily a function of market factors, such as cost of materials and assembly,

perceived desirability from the consumer's standpoint (as distinguished from




A representative exanple can be found in the disclosure of U S. Patent No.
4,156,801 issued to Wiel an. Because of a doubl ed-up, front/back s

| ayout of prior push-pull 30 planar-nagnetic transducer structures, these
doubl e- ended systens have been generally regarded as nore efficient, but
as nore conplex to build. Also, they have certain performance limtations
stemming fromthe formati on of cavity resonances derived fromthe passage
of sound waves through the cavities, or channels 16 forned by the spaces
between the magnets of the arrays 10, 11, and 3 22 July 2005 acoustically
radiating to the external environnent through hol es 15 in the substrates
14, 24. Thi s can ¥hasmalisranbpedprmanse), dempaddortheiprodert emisimply of theic| udi ng  gi vi ng

rise to resonant Iﬂ&ﬁ&scanehléa&reﬁlm&dnemanslmh@&swa%mmzhebﬁa@id)r fairness it
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significantly degrade formance, to the point of renderi ng the speaker
unusabl e. As nentﬁpffh%hcanﬁe"gé*‘e‘i‘}ﬂ&’%&t%ﬁf“@fa"%l‘”éth@weﬁ&%et| c speakers

conprises singl aeldéﬁlﬂﬁdmdaﬂd i Sostalilfspdakersih e AER of BnskdkiGion Hurtidr t Y i cal
conventi olraal Si nqnar ation avi flexible

ended s aker confiqu
di aphragm 17 wi t AR HRiRD tm(%@ 7 BosHble &k fe fq“ @ecof’s@%rﬁf guli%gpt set forth by
way of exanple. Twhetithaipmvalgrthdmst velonfor beowdbanpiicspapbor t ed by franme nenbers
(not shown) carried byang Uagﬁéﬂ;uﬂ& lelc%ssmgt)ftﬁ‘naatfvg Ql@&ssesaaﬂdjfam&(:h frame

menbers extend outward (upward gure) beyond the tgfp of a single
array of magnets @WW@“WW@HE‘W@P%%W%SWé?i‘ls@#q‘@%‘iedmﬂF t ance away from
the tops of dt he r?gﬁt&ta&lllb@gﬁﬁﬁﬁma&@tb’hd@é’tﬁétth@éhtd@&ybﬂﬁg@-@elﬂ“ ?phr agg‘ The
array prqyides a fixe coi conductors
18 di spogéd on t HEHTE rTE S@Fﬁﬁ(erﬁctlasWoivfdaﬁoém‘gtgﬁgﬁséﬁ%eg?%étSls'ﬁg single array of
nmagnet s (typi cal lepdedf; axclelr)a)rmmﬁtrmarl "doulibended’ ddighscthe tersomainpdsing | on) provi des
- much-reduced engfeVoull il danGOTRALE bulies e RERL Ky dhngUssed push- pul

devi ce, assum ng conp ara e nmagnets are used ecause o s and ot her
smgle-ended designs.

A conventional push-pull device is illustrated in FIG.1. This structure is
20 characterized by two magnetic arrays, 10 and 11, each supported by perforate
substrates 14, 24; and positioned on opposite sides of a flexible diaphragm 12
which includes a conductive coil 13. The film is tensioned into a planar
configuration. An audio signal is supplied to the coil 13, and a variable voltage
thereby provided in the coil interacts with the otherwise fixed magnetic field
25 between the magnet arrays 10 and 11. The diaphragm is displaced in accordance
with variations in the audio signal, thereby generating a desired acoustic output.
~ A representative example can be found in the disclosure of U.S. Patent No.
4,156,801 issued to Whelan.
| Because of a doubled-up, front/back magnet layout of prior push-pull
30 planar-magnetic transducer structures, these double-ended systems have been
generally regarded as more efficient, but as more complex to build. Also, they
have certain performance limitations stemming from the formation of cavity
resonances derived from the passage of sound waves through the cavities, or

channels 16 formed by the spaces between the magnets of the arrays 10, 11, and




25 reasons, previous single-ended devices of conpact size have not provided
perfornance t hat has been deened acceptable for conmerci al appi @ﬂ§
Furthernmore, conventional single-ended devices have had to be ‘quite |arge
to work effectively; and, even so, are |less efficient than standard

el ectrostatic and el ectrodynam c | oudspeaker designs nentioned above.

Smal |, or 30 even average-sized single-ended pl anar=nmagneti c devices
(conpared to el ectrodynam c and el ectrostatic speakers) have not
effectively participated in the |oudspeaker market in the tinme since the
“introduction of planar magnetic speakers. Conparatively |arge devices,
general |y great er 2p¥tnllzadhtisga theextimd presonment gyarghlwsn 18ip e | abl e to consuners
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is less than 1% ul | devices. Prior
si ngl e- ended pl a ar°&phr agm ar eas
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environnments. They have relatively low efficlencies as we conpared with
el ect rodynami ¢ an‘iﬂp"ésf"éélﬁﬂ“ﬁ%ctf%{f?d”*%cbé’&‘k'@rd%&m@eéﬁquﬁbs“%%“bomerf ul, and

hence nore expensiuterd. FRPbitddrEBoSridg Araps OV édde ol B AspeRpRtIGbQMal power to
drive them At fir SSi evice m ght appear to be

si mpl er and cheaperltefstrgﬁgﬁenfl?nc?“gﬁgﬁplﬁaga‘obﬁF%anélﬁ?iféca“dé‘%qmgﬁ The same anount
of magnet mat er i @Hformane, lycthe atofivgndatiogithé sppakertuwatichi ckness of the magnets to

correspond to  the comfagtled DiEsREAGL AuiOtihdc SOASHApRAY Of magnets.

Because magnets of 15 a gﬁldven material "nade twce as thick are cheaper
install ed than tvingk-eadsd dagigss- Wntﬂgqﬁeéﬁnsefﬁalﬁfzwp{cﬂicweﬂe%lsmﬁlea doubl e- ended

devi ce) there shodilied shekesdoipufalidhaRiving §ﬂéﬂbﬁgﬁpﬂrd’gnﬂ7$iﬂi\9hﬂrb&réﬁ9d

confi gurag.i on. Furt . t tural l.exi | S, Sl ni ficantl

| ess \gllmtaltsr egard ¥8 “%‘i"gg?“é?“é%g&&eé‘a‘g‘%ﬁﬁ?“ffﬁ nﬁ'efh ﬁé’l"ﬁ@‘ gexpect ed %:lost
savings. 20 Home\ﬁetsgonedauﬂbhxipm@dbh&ambemiheretﬁmttshn@nhcagﬁémy& sﬁhStma what of nost
desi gns does not,raghi &ev&d(-}ﬂ%h%%ﬁn%ﬁs&gﬁd &Hﬂagﬂﬁéwaglf ﬁ’éﬁle?' ng twce the

magnetic energy in t et ween t I aphr a e array of magnets
when usi ng beyond the topo a single array of magnets 20 to posmon the dlaphragmanoffset

bot h
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distance away from the tops of the magnets to accommodate vibration of the

20 diaphragm. The array provides a fixed magnetic field with respect to the coil
conductors 18 disposed on the diaphragm. It will be apparent that the single
array of magnets (typically of ceramic or rubberized ferrite composition) provides
a much-reduced energy field, compared to the previously discussed push-pull
device, assuming comparable magnets are used. Because of this and other

25 reasons, previous single-ended devices of compact size have not provided
performance that has been deemed acceptable for commercial applications.

Furthermore, conventional singlé-ended devices have had to be quite

large to work effectively; and, even so, are less efficient than standard
electrostatic and electrodynamic loudspeaker designs mentioned above. Small, or

30 | even average-sized single-ended planar-magnetic devices (compared to

| electrodynamic and electrostatic speakers) have not effectively participated in the

loudspeaker market in the time since the introduction of planar magnetic
speakers. Comparatively large devices, generally greater than 300 square inches,

have been available to.consumers in the speaker market; and these exhibit limited




conventional ferrite magnets. Accordingly, the expectation for |ower cost
per a -given performance |evel in the single-ended device hasdﬂgﬁﬂ§§ﬁ§3
realized. Some 25 attenpts to inprove the design of single-ende

- pl anar-magneti c devices have involved the use of relatively many nore, and
very closely spaced, nmagnets to provide sufficiently high magnetic field
energy. Even then, however, the planar area nust be very large, using even
nore nmagnets to generate enough sensitivity and acoustic output. For at

| east these reasons, prior attenpts to develop a 30 commercially acceptable
si ngl e-ended pl anar-magneti c device have not achieved the desired |ower
cost for conpar abtogw@itiydness. nEbie todeys theyrreaps abravith Triderd ppsakess idermgven t hough t he

basic form of theéﬂacc@ﬁtd’nb@h&lﬁb@@’@hﬂrﬁn%ﬁdﬂl&n?c@?aﬁi‘p@@drﬁﬁmé happ push- pul
devi ces. And again, the design has not obviated the need for a |arge

surface area andagF‘Préll"eé‘f"H‘F‘é’e”awi“QP eflaprsagsticonitkrsy ilessfieR enost ot her speaker
types. 5 22 July in@fifng bbb kigda/e@ted ahd yashapult BdviceC PHdreinglé-eddbipladarubl e- ended

pl anar - magnheti c | aker it erent from t of a .si ngl e- ended
desi gn. g_{n exarrprgégég?mesm Smﬁﬂ gl‘?‘&aﬁmmasé?qmﬁcmﬁs?o& P2%nd back nmagnetic

structures i nter aektivelgindze andeppensivs stuctiics; ek, ol reisely dirgedpeikgneapar anet er s,
e.g. spacing, fi Qle@uxﬁ!{éﬁ&ﬂé/to pladath s%ﬁ@én\uﬂ:lnméatsr ehahbRAGRAFLRet ween the

essential elenents be optim zed best, results Very few of those
interactive rel atﬁf‘ifl‘%%?sﬁ%weélr@W?‘%ﬁ'ﬁ‘?ﬁ%@é‘ﬁ‘i‘%@‘ﬁ“ﬁ%‘%‘?i‘%‘ﬁSfte@‘eﬁ’es| gn of

si ngl e- ended trans@uﬁgmswqufalthnmw&nﬁohaxpenmmpnﬂmsp@ﬁae of opti nal

rel ati onsp]l ps bet L el e dtﬂl . el enents involved. As nentioned, prior
pl anar - magneti c speqa"k £ a? Ui art y prior art 10 single-ended devi ces,
have utilized rows ofAWEesgmeJtesmquml&e@%@ﬂcymglsa@earbwesml@rando provi de

| mproved per f or MGG oHif AANBIR AR aQlgh Oftk SthealoARoriBgave | al ternating

polarities facing t fil mdiaphragm 17, which carries conductlve W res or
strips 18 placed *Eaéeﬁelémheawéhr uilipe %‘h’t"@’eﬁé‘f@%@%ﬁf? Foespudtent ered  bet ween
adj acent magnet s.theddfibindditidkhes€k¥d d6uBR-efddd ArRQ6f nhalletdS Becatsembdaat ot he magneti c

15 field gnergy to.be in e the variable fields set up by the

vari abl y lesenergl f&&’%'&ﬁ%‘i’ﬂ-@?ﬁ% é“c&“rw}“ﬁksar?%’eagerérﬁtﬁl? o RRFERI T field with |ines
of force arcing npetombelfasdidjkdasdne dondgmmdtdslevidepthaeshbnlpleisignificeti ces, t he

avai | abl'e magnet 'sgvﬁg%g@m%lgmd%ﬁgm&tw ﬁﬂmérﬁor@%@m@mﬁ Fggmgt a maxi mum at

a point half way between two adjacent magnet s of oppos olarity

orientation; and %W@@Bbﬁﬁl%f%ﬂfd@émlﬁ?@@wﬂﬁ)lﬁﬁéﬁﬁﬂﬁgt‘bf t he conductive
strips in the fi @kgbotaf coltBadngd. OCation is typical. To

20 However, doubling the depth of the magnets from that of most designs
does not achieve the expected design goal of providing twice the magnetic energy
in the gap between the diaphragm and the array of magnets when using
conventional ferrite magnets. Accordingly, the expectation for lower cost pera
given performance level in the single-ended device has not been realized. Some

25 attempts to improve the design of single-ended planar-magnetic devices have

| involved the use of relatively many more, and very cloSely spaced, magnets to
provide sufficiently high magnetic field energy. Even then, however, the planar
area must be very large, using even more magnets to generate enough sensitivity
and acoustic output. For at least these reasons, prior attempts to develop a

30 commercially acceptable single-ended planar-magnetic device have not achieved
the desired lower cost for comparable performance design goals. This is true
even though the basic form of their structure would seem to be simpler than push-
puil devices. And again, the design has not obviated the need for a large surface

area and therefore a large device compared with most other speaker types.




achieve sufficient flux density at the position centered between the
magnets, it has been shown that (i) not only does the total Sifﬁﬂ%ﬁmﬁhe
system need to be increased; but, (ii) the magnet placenent nus € ruch
cl oser together and nore plentiful in a single-ended device than in a
push-pul | planar-nmagnetic transducer. 25 Further, in contrast with
standard, dynam.c cone-type speakers, thin film planar |oudspeakers have a
critical paranmeter that nust be optim zed for proper functionality. The
parameter is filmdiaphragmtension (See, for exanple, U S. Patent No.
4,803,733 to Carver). Proper, consistent, and |long-term stable tensioning
of the di aphragm i n aMpteawrn the arehiteahee df the damblg-endwpplartaamdgnétio t he 30 per f or mance
of the | oudspeake I.S: | t consi deration for
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term problenms with terLi?i n chfahn%es.g e, for exanpl F: to the di mensional 6
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of single-ended magnetic structures, ) etic torces of the adjacent
rows of magnets ciiftionships pafikeen tipesseatishglemente inpqleee| each other to a greater or

| esser degree dependi AgmdsR6Ed, bi® plRRE-Bignétd spehi@hs GhtialleR bibrof t he magnets and

their spaﬁ)l ng. The l?ntfr ction over  ti me. can g%ldse tdg_rl al.s to deform
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respect tb 1ong-t ‘g%f?){’]ﬁ'Ft’fr?fteg&‘é%i‘éep‘}‘i’l"‘ggﬁflf'%ﬁ's‘ip(%fhﬁ‘g’?abi% Wth

conventi onal pl anaegisedgordidtice ssipeiak iusd mspnétia Geld ablelinesbf vagaeing C  ener gy
derived by increasj he nupber . r J I t f the magnets
in the magnetic :tfsa!rv%%}ah F_%m’r GFther s%égéog(r&%’%%ségggh'gmﬁ%%? tgcr%&}‘:f)efu?matgneti C
forces interferemeepluipdinaseared 19 baate dasimimite peintibelfwayetveeniiee f or egoi ng, this
I's true adjacent magnets of opposite polarity orfentation; and correspondingly, centered

20 placement of the conductive strips in the field at that location is typical. To
achieve sufficient flux density at the position centered between the magnets, it
has been shown that (i) not only does the total size of the system need to be
increased; but, (i) the magnet placement must be much closer together and more
plentiful in a single-ended device than in a push-pull planar-magnetic transducer.

25 Further, in contrast with standard, dynamic cone-type speakers, thin film
planar loudspeakers have a critical parameter that must be optimized for proper
functionality. The parameter is film diaphragm tension (See, for example, U.S.
Patent No. 4,803,733 to Carver), Proper, consistent, and long-term stable
tensioning of the diaphragm in a planar device is very important to the

30 performance of the loudspeaker. This has been a problematic area of
consideration for thin-film planar devices for many years, and it is a problem in
design and manufacture current thin-film devices. Even the most carefully
adjusted device can meet short-term requirements, but still can still have long-

term problems with tension changes due, for example, to the dimensional




particularly over tine. These and other problens are known to many 20
practitioners in the art. Another exanple of a prior art singl

pl anar- magnetic device, which further illustrates sone of these iI'ssues, is
set forth in U S. Patent No. 3,919,499 to Wney. Turning now to nore
particul ar consideration of the magnets thenselves, the selection of
proper magnets for planar-magnetic speakers is an inportant 25

consi deration. Hi gh-energy neodym um magnets have been avail able for over
~ten years, and have been used in el ectrodynam c cone-type speakers. As wl|
be appreciated, however, such speakers do not enploy nagnetic nateri al
structures and sﬂ%ﬁ@ﬂﬂﬁﬁgd@ﬂm@@?ﬁ?@%mﬂ@f@%@m@m@mwwgSngﬁets and at the

sane time maintai oou@oum@ﬁ.;sgf&m%lsaor&qmr&a&mthtnlt@mmghea@&mg%t hat can be
i nfluenced by the nagnets O_Such relatively nore hi gh ener gy neodym um

magnets have not BERSHMBFERT| RRSIQFIoseBsnyt RicEr! SPelyte'aREste pi anar - magnet i c
transducers over didugespBshagaeaic fockes ofwaed‘aeedﬂrotvhmmabmsemhﬂeﬁbtmdel y avai l abl e.

This is tré’l € even n}ahtp eaéh fhier ozp argaterorue[s%rc?eglg Cfpendug%uﬁjgnt;l qo%ag& | mpr oved

u
magnetic circuit afoce"r31nf(%pnce spead 7 22 July 2005

One possible expllahmhmpfﬂl@maanm god their spprigz. Thaipteiattionensr taneican pl anar - nagneti c
speaker technol Ogdaﬁs%nxﬁtlaﬁa%@%fom\éﬁd ﬂbgsgbh%élestdﬁtﬂé‘ﬁmteﬁsﬁﬁ filid &d cal aspect of

di aphragm tensi oni ment i gned, not only is it necessary to achieve a
proper initial E‘B‘%ﬁl&@ﬁ%@ﬁ#ﬁﬁs%ﬁ@?@%@on but that this configuration

nmust be mai nt ai ned S EldbstafieRiidipeiiers U@ critidd Siaptirgmitdntie isstlgnehdyC f or ces,
t ensi on flcarces nam VI bration of the

di aphragm al | of‘ﬂmﬁ t{'?%%g'ﬁgoforséswrmé%& gtgé/tensm sa"bl“fa?’%q%g structure

orm sappor
mat eri al s. These thesemodesren fhyeastic cénmspe@lwalha\smameuq cpyﬂmduceguch structure,

as they are constaniuody MakKiR&, %V&rnottdtlflggtehé?on@m&gg!ﬁshﬁlawgna posi tioning
and structural frane s%apes such that the di aphragm tension and a 10

magnet - t o- di aphr JEARYF ¥F akers andparionladly pipgiq-qrded cenfisuratipay Pose Yot | vel y short or
| ong period of tdhmengest&r.mesp@ndsngt&m&bﬁglfdrbfaﬁﬁ@m&dﬂﬁoﬂgaphr agm t ensi on and

degrade the perfor e of th eaker t akes a change of a
fraction gf amlli m@}cc’f“@“ﬂ"gﬁ?&lﬁrﬁn@ﬁfF‘i?d(ﬁ'isfné%cr?aﬁeénﬁ%gﬁucgr mance of a
thin-film pl anar -enmgyvietived by iouasipedeember, oShagendihordothrobiht magnéts al r eady
pivotal in the pejhORRRRE SR slrbd:RlobiMuct b bkl dttefil hoesP! anar - magnet i c

transducers, exacerbating t problemturther wth use o magnets having 5

to 40 tines the |1?ffrf@fea%9tw*tb@ah%%@@ teppien Herfstforegaipediis if kel y to

particularly over time. These and other problems are known fo many

20 practitioners in the art. Ancther example of a prior art single-sided planar-
magnetic device, which further iHustrates some of these issues, is set forth in U.S.
Patent No. 3,919,459 to Winey. '

Tuming now to more particular consideration of the magnets themselves,
the selection of proper magnets for planar-magnetic speakers is an important

25 consideration, High-energy neodymium magnets have been available for over
ten years, and have been used in electrodynamic cone-type speakers. As will be
appreciated, however, such speakers do not employ magnetic material structures
and supporting structures to support the magnets and at the same time maintain a
tension on a nominally flat diaphragm that can be influenced by the magnets.

30 Such relatively more high-energy neodymium magnets have not been effectively
applied to single-¢nded planar-magnetic transducers over this past decade
wherein they have been widely available. This is true even though there has been
a great need for an improved magnetic circuit to enhance speaker output and

reduce size.




function reliably as a substitution for conventional magnets which already
destabilize in the | ower-energy magnetic fields used in single, ggggg 5

pl anar- magnetic | oudspeakers in the current state of the art. 9%
current magnetic structure designs of single-ended planar-nmagnetic

| oudspeakers having the very cl ose side-to-side spacing, as conpared to
doubl e- ended desi gns nentioned above, a perceived problemw th high-energy
magnets is that the attractive forces of the nagnets woul d appear to be
.too intense; to a point of not only potentially distorting the structure,
and affecting di aphragm 25 tension, but even affecting the stability of

exi sting magnet attac hﬁwhﬂﬂﬁﬁmmﬂ@b@ﬂ&ﬁmﬁmﬁéwm@ﬁ@§b“ﬁwﬂ@ﬁwlaI reasons,

such hi gh- strengtdaeaﬁa@a@.msglaamdmced@mamywﬁuﬁ&@ﬁ&mbécwuﬁm mn a conmerci al
pl anar - magnetic deSJ Anot her, difficul t% with conventlo'réf/l si ngl e- ended

pl anar nagnet Iofﬁﬁ‘g'g%galééf“e‘ﬁ‘ég‘idg‘ﬁ‘s" yds i pegissagio ¢RI A PRBRIMRY r ange

di stortion. Sincedliaplsgm @Eitiencndressdn,dit e th asnfipaginehiscbeapindived S do not

provi de the exte r e d subwoof er,
t here has r3been arb(r;llegéJ mfo\gﬁlgeicﬁ e @%%?%R&E oed goﬁaflogze ‘%E%E%EE“E with a
subwoofer in an mmmwmumw@mwm@m@mnmsmm poor danpi ng

of prior-art pl aramamagsnhamkaﬁaﬁee@ﬂ@%mod%&mmwowwdfy si ngl e- ended
ones, there have b(ﬁlen high "Q resoﬂgances at the | ow %522 July 2005

frequency end of % é"‘ﬁf“%?naétthei’r%f@i’?éf"? y%’%‘f‘%ﬁ’ﬁe‘r% FotEe PemaEet which is at or
near the transi tipomohii@q:demmratms&p&mmmmewmemhaﬁ&u S
.dl scont i nl'd' ty, %g%?gldﬁsglg’asg{)eﬁs n(% c!m em?ltJ%_l %feiame‘ytlllgﬁ'%r%{lé y detect f’a‘bl €

adverse col oration | east this
reason, there is Paﬂﬂééfdnef@sterlmwwe@mh@myamte@hemfddvmpr@nt al resonant

frequency of si n%x@orﬁ&h@'@&mﬁkﬁﬂéf 1@9%&&#%&9&@5%&&0&&%&9%& @i stortion.
Further, conbinatjon of thin-filmdiaphragns and conductive nmaterials of

the attached CO|S|g“‘8‘famﬂYrailtﬁtﬂ’eﬁPr£?ﬁ%“°erP§©ﬁ&‘f PlaREIRERFtS lgydseeakirasent ed desi gn
chal | enges. . Pol mﬁéﬁrspgdblaphlalmgmutotmhmhmm&ﬁdeem lime.ereusﬂdydfn prior

pl anar - netic transducel have exhibi thermal .stability and poor
di nensi gﬁ% st abi’ Fan maglte Wd'gferécfxacfrpn'p% ubr?eén%#ﬁrwslﬁlﬁ?fs{)fheret of ore been a
practical |im tammwthwmgﬁéq@a%ﬁh@wmdwe &m@swﬁeotlammtelmm h singl e- ended

pl anar - magneti c m&oﬂma%amstm@ﬁmon\l,eﬂt?dnamaéde&mﬂak@ad;at'Ons of the
di aphragns; and,  al so, bondi ng dhesives used to attach

conductive wres Eﬁ‘i’B’;“Eﬁ“‘%‘fPWﬁ"’F‘iSS}“Ei’ﬁ%et“E’E‘F@B?ﬁ’ﬁ"‘di"é}bﬁffd&b‘?@? Thermal | y-i nduced
def or mati on pr oblnptidiudepeiles i thethidatstatsva@amt.i €d by | ow efficiency due to
relativel

_ 24

With current magnetic structure designs of single-ended planar-magnetic
londspeakers having the very close side-to-side spacing, as compared to double-
ended designs mentioned above, a perceived problem with high-energy magnets
is that the attractive forces of the magnets would appear to be too intense; te a
point of not only potentially distorting the structure, and affecting diaphragm
25 tension, but even affecting the stability of existing magnet attachment means.

For at least these potential reasons, such high-strength magnets have not been

successfully used in a commercial planar-magnetic design.

Another difficulty with conventional single-ended planar magnet

loudspeaker designs is that of low-frequency range distortion. Since most
30 commercial planar-magnetic speakers do not provide the extended low-frequency
performance of a dedicated subwoofer, there has been a need for integrating the
planar loudspeaker with a subwoofer in an audibly seamless fashion. Due to
relatively poor damping of prior-art planar-magnetic loudspeakers, more

particularly single-ended ones, there have been high "Q" resonances at the low




poor magnetic coupling in prior single-ended devices, requiring greater -
power input to the conductive coil, nore |ocalized heating, a?gh%§?ﬁ@§ore
requiring greater thermal dissipation for a given acoustic oufpu evel .
Accordingly, there is a need for a diaphragm conductive coil conbination
with greater thermal and di nmensional stability to maintain proper tension.
In summary, heretofore neither doubl e-ended or single-ended designs of

pl anar - fregiRaty dhdlop i pReak Mk snclid YRtdheRsHME: Ansd, adechad atdeviedraent  whi ch
enables themto be avorab%%rcorrpetltlve wi th speakers of the first two

types diransifivadigauaney to a pulypaler Beggnge ef Bisdissentipity theaiditlgresilels | ess

ST i Ngepfien PIRH WAhIcHaHD detb QoIS hARRR cSIoratisHBE thE kotid4Re 1 WBHREpIGHT | Ci enci es,
and |l ower costs. This lack of market success has continued over a period

of nor ef'erteépagiChiy eeasan, theredea pecdifar impaeyed dhopiag otibe fundamerddsducer s were
first d%e%&laﬁ?ﬁéh}r;ggé% g@ﬂéih%ﬁ&%i’sp@]‘é‘?%aﬁéﬁc%E&ﬁ% NfGer BYGHihne |ast  decade,

of hi gh energy ose-conpri si ng neodym um have heretofore
not been expFwihesdombinatidnerf tinedthadisdphpigos endoaimtdpctiyamatarialsarfithe Wi t hi n

si ngl e-end peaker . structur.es. 22 July 20Q5. S RY OF THE | NVENTI ON
The e B ol O PR ol MRS Seakerd B e e O P I hor 1 ¢ & ansduger

conpri SP(ﬂQes&r\zl}abléﬁgTﬁbih&t Eliﬂvabﬁéra]@éhh gl ihljﬂi'iblg)lﬂﬂr-&ﬁgﬁéﬁe uraﬁgiue%rs ang a magnfalti c
structure including at |east three ghet r .adj acent and substantially
paral | aVFGX‘BEWPGPh@FFma’ a'%‘hﬁ‘e?@'ﬁé’f’%r '&9@%9%@% gfvafideat er than 25 nega

Gauss (Rpphiatise. ThisHRSREDErSHHRA A prachibd] Bilitdfich ©HRERED Snd he pri mary
magnetic Structure and the diaphragmis configured to hold the diaphragm

i n | ongPretsaip levelvieh tivglepresied pipmar-ppgnetielsystemyaye kothogaah inskebili®agnet i ¢
struct uge: ' onduc | 1 di aphragmin
t he act{l@g&%gségﬂﬂ%%aﬁgé@%%?’ébsgb tg}ogglg%gg%@g&ﬁsﬁ%ﬁg%gnet ic

st r uct uwreadigtive wiesindig striperegioagptorsagndiaphragorsy Enarmaly-indpesd el ectri cal si gnal

into a,correspondi ng,acqusti.c output. The mounting .suppor tructure, the
manet | SRRREPPIcRS pAE YRR it e b Rned Wi MR L i B tvdher ot Vel v

T ansduar g o] S g e D STt St 1wt ur . etabi | | zes

t he di a‘%ﬁF‘:’%ﬁlﬁfti‘Vﬁ et ’t"’é?fgﬁﬁﬁﬂ ihéﬁ“}gemtﬁgfegg“tr&ﬁ‘ nggEpteLtie®ed peri ods of

use, degRifaBoR £t giveRaEnuRiic &M{iq@ﬁé&l.%@éiﬁiﬂ B0theldls a h&SIABASE tO high energy
forces driving the diaphragmto provide tﬁe audi o output, and despite the

hi gh- endipRjyageeandustive ail eengbipgticarvsith gregjerdbarpabindslimensinal sability t hr ee
to maintain proper tension.
In summary, heretofore neither double-ended or single-eﬁded designs of

planar-magnetic loudspeakers have reached a stage of development which enables

" them to be favorably competitive with speakers of the first two types discussed above
(dynamic and electrostatic) having much less stringent manufacturing requirements,
smaller size, higher efficiencies, and lower costs. This lack of market success has

~ continued over a period of more than 40 years since planar-magnetic acoustic
transducers were first disclosed. As mentioned, even the appearance, over the last
decade, of high energy magnets such as those comprising neodymium have heretofore
not been exploited to offer needed improvements, particularly within single-ended

speaker structures.




magnets to deformthe nmounting support structure. In accordance with a
first aspect of the present invention, there is provided a pl -ﬁﬁgneti C
transducer conprising: at least one thin filmvibratable di aphragrﬁ Wth a
first surface side and a second surface side, including a predeterm ned
active region, said predeterm ned active region including a predeterm ned
conductive surface area for converting an input electrical signal into a
correspondi ng acousti c QUAANARY ¢ THRMMVERERGHI C Sstructure including at

| east three el ongated nmagnets placed adjacent and substantially parallel
to each ot heFhagixemplegmbodimpntst provide aginple-ehilggtplamemggnatisdranwdyedy havi ng an
ener gy A . . i sults in

st ong TrEHER aterda B b A A R R Riok BT F Bl R

st r uct uineludipg aplesstl three migmeproiveadjycembgrisutbgtansizyparalied teagndh pther. di aphragm t o
capture.the djaphra haol.d it jin redeterm ned state of tension and
spacedeT eIg?glﬁ#ﬁg'g‘é‘ﬁtaé%%%&f%atfﬁéh%?@%f% Ay st anci ng fromthe nagnetic

st r uct uDerstady. Actaintiap Suppbrtistigctsrd cb@lel BittkFingdfry iagnddicaptdtagandai d

conduct j ve, surface area inclyding. el ongate conductive paths running

subst artf 1aP}§tra$Hﬁsa‘?qngg“rF@)t°sl&T‘gthﬁa&R£ﬁa_§‘% g gﬁ%ﬁ‘rﬁﬁ_tbﬁfgteﬁ?i&dﬁdt structure, and
the at 6@ a gl WedReMBENRE AL sthRAUPEAIEE Yia LA eorifubiegtsur e, and the

di aphragm_ havi ng coordi nat ed conpositions and are cooperatively configured
and postaptiesiiydhe faphsagse i the ative aregpud dtconfianred ragogperaigatithghe wherein (i) the
mount i Ng, RO Mdetudd MUSHHGE: the HBPhrhdr &Scdnér S AR dalsighaP il | C

confi gur?a% on attt(%u;l prreclf%tterm&ﬁggé[?en%i on &jn?lg{i}r remaarﬂ_ astabl e over and
bet weer exttesprading perusodsutpit. Tsenountisp suppod seentyresthemegnetidynanmi ¢ condi ti ons
in response tg extre hi,gh ener forces driving the di aphragm to audio
out put - AR fheERsEE, i it otRbeen selcaprati slpaspLpld °T "Bt ween the at
| east tdonfiguradhoropesitets ansrigld-erided plane-nmgnbtid thmsdhrcer) ehdlso, se that ensi on of the
di aphragm and sai d pl anar-nagneti c.transducer being,operable as a

Si ngl o- B BOHTNESHERRTERCS Fiakiiegs ths AIABMRET T & FOSCBRILIPBERS of the present
I nvent i $dble dRLERerded Bérids @B Gke, desPicddtalinéRE BLdynamid cnamideein conpri sing: at

| east one thin filmvibratable diaphragm wth a first surface side and a
second r§eRopsecie highgaerey ﬁﬁf%&fﬂg’géh‘b‘_ﬁ)‘éﬁé%@ i meddeteipydio opiggt 8 sai d

predet i ghiRafe Fghkittay All-RRc riedrkngf RIGARLENT Red yganduct | ve surface
area for ‘converting & put electrical” signal into a correspondi ng

acoust i roagngtspedeforn themepuatingsupportisitugtee.i ncl udi ng at | east three el ongat ed
magnet rows [l ac dj t] . l. ch other with
ard magne: SReBERB hF Ehty AR TAREHRN! BttioR i Cirot Ref2E Tega cause
Cer st eddanasndgretiomandduceg comppising: aslenst oheithén film vibratable diaphragm

with a first surface side and a second surface side, including a predetermined active
region, said predetermined active region including a predetermined conductive surface
area for converting an input electrical signal into a corresponding acoustic output;
primary magnetic structure including at least three elongated magnets placed adjacent
and substantially parallel to each other with said magnets being of high energy and
each having an energy product of greater than 25 mega Gauss Oersteds which results
in strong interaction between adjacent magnets; and a mounting support structure
coupled to the primary magnetic structure and the diaphragm to capture the

diaphragm, hold it in a predetermined state of tension and spaced it at predetermined

10




coupled to the primary magnetic structure and the diaphragmto capture the
di aphgram hold it in a predeterm ned state of tension and spaﬂ;]uyz(ﬂ)ts

- predeterm ned distancing fromthe prinmary magnetic structure ‘adjacent one
of the surface sides of the filmdiaphragm said conductive surface area
i ncl udi ng el ongate conductive paths running substantially in parallel wth
sai d magnets, the nmounting support structure, the diaphragmand the at

| east t e TR hethadaDc BLLAR NiTBRUGE bEwS btk Wags G N0 coor di nat ed
conposi tions el ng cooper at | y and positioned I n predetern ned
spaced aqhaphragnebad ccmdsmvpsm(fac)a atela énahwling ¢longatqopductive pathrotinriag st abi | i zes

t he statl n 1.2 nd the

di aphr aghPeRlKENBATIE S REREE TR Bppiinererob ePlutbafid -t endod

periods thfecusgnandf the pl)lma@/nﬁagnétamtﬂuytureesmcsms diapkrafingiimvinger gy magneti c
forces inte bet ween the at st fhre nets which woul d

ot her wi s‘é’ofch‘f ‘?4@%&5’0%‘?‘]‘?%“ are CSP%‘H@{V@ YR ﬂ"r?‘g?fglg’ﬁlt@f‘edt‘ﬂe di aphragm said
pl anar - npemedrinincdispred Bsef relABbRbips %@Jeﬂﬁ'n)&h@ﬁm@ntﬁig@ﬁﬂ)@ﬁﬂd&dre

pl anar - ma %Vnetl c transducer. In accordance with a third aspect of the
‘present Stanikass therliaphremdnastafie eunfigagtian afstb%meéﬁ?mumdytegwwgwbwbnded

pl anar - nRgR&L KGp] H$EncEPERGHS) Bitiodd ldBecnitlin@plF agm having a
first smr}r% actgls'%})g an a&gvgco sur lcoe gf‘%lg %’Hfglll J@ﬁg a conductive
sur f ace dmemicfoonditionsis resporpe mwextmp@thw e@engvflfrara¢s dsivinghe diapltoagin cor r espondi ng
acoustlc u | redet erm ned
active ré’% &'8 Eg)u?%néj%ﬁ“iheh% enﬁ% Qt%?t% ?"%g‘“herr%aﬁglb%e&& ?a ?m ent nagnetic
field stlr—:&lngirdse mapteh eb mgt mtecfatfelvgﬂrthelpmdéténrrmﬂnemmaf tm&thapllr@nbr agmto drive
t he di aphr ag@@?s a substanti al lﬁ endedlaud a transducer; and

mount i ngfdeRiAARrEmARRTHP Bansdieer Reingip %F% G Y “Hitaphragmin a

predet er m nednStek@neé with aséddnd apdctaf thid praése@tqh@rnﬂbmﬁbreﬁ vadegi ng fromthe
hi gh enerqy magnetic structure over an extended period of tinme including

peri ods plagpsanagpeticirmpdnecr copiPEsing b Isastgre R fily vibrtds dephsg™ or nance

char act e&itﬁ&ﬁ&%s@fécé‘%ﬂé‘&m@a é&@éﬁﬂ%m{de%ih%”ﬁ\@lﬁlhiﬁ |a%§&1efehhﬁb@§ctﬁebase materi al
for the diaphragm In accordance with a four aspect of the present

i nvent i owrgiontseideprédstepmingd desive gegign laciadmaagrﬂdcﬁennmc erdugiive Sedepri si ng: a

thin filmdapht agH a4 Q@YA 1&1:&&%1 On%g%%sg&fﬁh@ %?gs%lﬁr ts trﬁ?ge and

i ncl udi ng a conduc face ar y a |ow nass
hi gh terrp@nanmtmcpmé muiudmganleasttkmmeldaﬂgateémagdéteswivypiadedradjamandi ng an

| nput el SELLLER) pSLANY clol e ARLTRRGNE Oh BERYSHiGh QUG Sald au east

product greater than 25 mega Gauss Oersteds; and a mounting support structure

(D

coupled to the primary magnetic structure and the diaphragm to capture the
diaphgram, hold it in a predetermined state of tension and space it at predetermined
distancing from the primary magnetic structure adjacent one of the surface sides of the
film diaphragm; said conductive surface area including elongate conductive paths
running substantially in parallel with said magnets, the mounting support structure, the
diaphragm and the at least three magnets of the primary magnetic structure having
coordinated compositions and being cooperatively and positioned in predetermined
spaced apart relationships (i) the mounting support structure stabilizes the static and

dynamic relationship between

11




including a predetermned active region; a high energy magnetic structure
having sufficient magnetic field strength and bei ng configuresh 2005
positioned to drive the diaphragmas a single-ended audi o transducer; and
nmounting structure coupled to the diaphragmto hold the diaphragmin a
predeterm ned state of tension and at a predeterm ned distance fromthe
hi gh energy nmagnetic structure. 12 22 July 2005 |In accordance with a fifth
aspect gfd thb@iaphrasaahd th@\ﬁﬁﬂ{amﬁagnw&gtﬁmhﬁe W&Mﬁ@@éﬂw@en%@ﬁé&d‘ magnetic
t ransducer corrprl Si east one thin filmuvibratable diaphragm wth a
first spberfosleef usegad &Saow@r«gm 1sgipts thedgh ensrayimagneti fagpeninpratiager ni ned
act | ve pii@lPfly oA HRLSHERES UhRA AT dhewiRh@rd Mithifll N9 @ predeter m ned
conductive surface area for converting an 1nput electrical signal into a
corres ppwdnrtngnmﬁdcnm'drmf@lwtcmnhragtmsaldralayamgmm rarstiwcgcbaing i ncl udi ng at

| east th;(ﬁ)e??] SElan Ie?({@gﬂﬁgr megng eransgélcaegent and substantially parallel

to each® ef “ Vi on salrd nagnets being of high energy with
each havi ng Brncemﬁang:yumhcadumd aspéctgf&ﬁtpﬁd’seﬁthr&&nﬁ&l tdegeis prwviiRd@er st eds;  and
armuntl ort.structure cou led rlmar netic structure and
t he E\ P&gkﬂaﬁﬁaffela?%éna@fl §‘ﬁ'\ “F‘P&%th‘é’ Fedet er ni ned state

of tensm@phragiﬂ haiRE first furibe ﬁﬂ@aﬂtaedésﬂﬂa%drmhe%t(mﬁu RRhidigm t he primary
magnetic structure adjacent one surface side of the filmdiaphragm said

conduct f%ucéwp%ré@eafeééoq REYRE RS I8P slratrical siamabiniord sparepepdisEr unni ng

subst anidogldobutut, RAHAL fefd oid Jllt.{bh?‘ I it RADE aSoredYmitd E&S/e% ib£gst three
adj acent nmgnet's being oriented to be of opposite polarity orfientation in
rel at i oigh eesrgshmagiietic snicturalbpving suflidiant pragneticyficlresmongth endbeingt ur e havi ng at
| east t S t | east an outer
two rows wﬂ?gu éﬁg&g? %g%&f%ﬁ%éhﬁqu o By éhgﬁlaﬁﬁ% é}% 6?%\%\4]3 ?‘P\@aq Yess magneti c
field stingdegtdedtahdioughsdutee; amdmnhmtmg/ﬂrmwré amplealtceﬂne daphiap@ tdi aphragm t han

provid r oLl t he conductive sul ce .are the di aphragm by a center
Pow of it et n S PR eimitied Sl BRRuSE Fif Buesbatinfly| no b a of gl e
ended plisaming RN e g ¢rRRSHhigaktic dtmc@weﬁaﬂ@@eﬂ&td Perddofind aspect of the
present  invention, there is provided a nethod for paintaining calibration

for ope‘P&ltuij'BEPE‘?"dé ok p3egind nepiie daid| dapAraS B IRProy e hPREBFEICOWhi ch uti | zes
a thin énafameﬁh@oemwgmg %aﬁ}etﬁyn@wﬁﬁmﬁa&é fiff aSh R AR HEGRND  surface side
t hat includes a conductivé region which is positioned and spaced froma

pri narydmhg-mlc structure including high energy magnets of greater than 25
me0, said c "Pc{r@:inc%lthﬁ'f W c?o%t)'le Ie?e‘?.ﬂnvéﬁ?o%' t'ﬂgrétfﬁgr\ﬁ?iﬁgdé he high
energy magnets, 11 magnet to di aphragm spaci n and 171) proper

t ensi onplagrinegedts tfaosduaer comgusing a thin film diaphragm havmg a front surface

and a rear surface and including a conductive surface area bonded to the diaphragm by
a low mass high temperature polyurethane cross linked adhesive for converting an
input electrical signal into a corresponding acoustic output, said at least one diaphragm
including a predetermined active region; a high energy magnetic structure having
sufficient magnetic field strength and being configured and positioned to drive the
diaphragm as a single-ended audio transducer; and mounting structure cbupled to the
diaphragm to hold the diaphragm in a predetermined state of tension and at a

predetermined distance from the high energy magnetic structure.
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predet erm ned di aphragmtension, said nethod including the steps of: a)

cooperatively configuring a support structure and positioning ifﬁ#‘%ﬁﬁ
energy magnets of the primary magnetic structure in a predetermmnmed Spaced

apart relationship wherein the nounting support structure stabilizes the
primary 12a 22 July 2005 nmagnetic structure and concurrently resists high
energy nmagnetic forces interacting between the high energy magnets so as

not to interingieorddrich withe fiffiraeptet 67the prRébndinaaitioa et sro®ded and, b)

~attaching the di aphra(glrﬁhto t he supPort structure so_ that the predeterm ned
di aphr a@'ﬁ?%@?@?’ﬁw FagsEISErLORPESIBY At elaﬁr?gf’fhé‘? Finy gibratable diaplsagiince with a

sevent Ny AR Reied s@fack Bifle AEEREIH suFY@NideOfRelublAE 2 PrddeicRAiAN¥A S8Re @ method for
reducing distortion in a single-ended planar-rmagnetic transducer including

a pri neicgionegitenredetesmingd petive regieh mchyding riprgcistmipet eondustive suitaceand a

vi br at ' [ e [ 139# &f}ﬂ nductive region
W th SZgIQL %g?%é@gghg@g{nﬂgdrt@&l giﬁllqag “#th E%Igéspnc I %Sﬁg'? gt[ggeof . 1) attaching
t he vi bprahapmegndicapheterg nndhwling v lensithtee elpngaigboagnesstplaced adijacesuich that it is

mount ed at predeterm i st anci.ng .from said,primry.naghetic structure
T e PR BT, cafh SPEITE Eoe Ryt Pl et oS b
Vi scousengBiyavithedachdmg Aitenk@aprodactudiptdaten thah 26 ega Dandsrestadspf t he

vi brat abl e di aphragm | n accordance with an ei ghth aspect of the present
i nvent | B 2 MQYRIpgSs Olﬁﬁ%wﬁﬂasaoupze%ﬁ@ hrduimagy mpgitstie S OHF 88t on in a

si ngl e-cﬁm%npioadaﬁthre tHBGiBSHrhEn, IHoRW HUCREdetdrttred diaRGofderRiohdRAY NMagnetic
structure with nultiple rows of nmagnets and a nounting _support structure
and a \iPRfedt efredetemaisrd digiancing fromithgprimasy maghrticsirugwigdigegnt aRi  conduct i ve
regi on il HaeSah Hdiﬁ%ﬁ%ﬁ’dzsm%ﬁﬁ{cﬁée& & 1Bt Hoddihpelolgiog the steps of:
i) attaching the vibrat diraphragmto the nounting”support structure
such t handudtive pathsmoning subatantielbyde peralielvdth sdidsagnetsyrgyfof tmas leest pri mary

magnet i uUct ldin stat f predeterm.ned asion, i)
& achi s ® A e RithellE bl e et pPOAOR AL QLR HRASL b O
st r uct up anadjadenamagirt;isaid pkivhaty agpac snictas Badngsal tdastithet adjadetit Sheet

structure has.at l.east a surface area pl aced between at, | east two rows of
sai d miP¥§ B? e Dgide la?g%gﬂm?qamﬂﬁwgw o5& ﬁ%@a%tﬂtrﬁ%m&ﬁgneu c field

above tdFendgR&s plovididgle R GE@h R Rt WrdnBthahidlug the 8sRBEHveQhirthdardy esent
invention, there is provided a nethod to inprove | ow frequency performance

of a sidiifrecdigntinrem Hrap@yidaddretshdhe qondvrdiye swrace aeas ofdhqdipRiBagm of i ni mi zi ng
di sco ntﬂy%emeﬁﬁawam% llﬁpélﬁi/sl, 549d blgﬁfﬁgﬁ%tngmr&ngducer operating as a single-
ended planar-magnetic transducer.
In accordance with a sixth aspect of the present invention, there is provided a
- method for maintaining calibration for operation of a single-ended planar-magnetic
transducer which utilizes a thin film diaphragm with a first surface side and a second
surface side that includes a conductive region which is positioned and spaced from a
primary magnetic structure including high energy magnets of greater than 25 mGO,
said calibration relating to i) proper spacing between the high energy magnets, ii)
magnet to diaphragm spacing, and iii) proper tensioning levels for an ongoing
predetermined diaphragm tension, said method including the steps of:
a) cooperatively configuring a support structure and positioning the high energy
magnets of the primary magnetic structure in a predetermined spaced apart

. relationship wherein the mounting support structure stabilizes the primary
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A

a lower frequency speaker system said planar-magnetic transducer including.
a primary 12b 22 July 2005 nagnetic structure nounted to a %?QOOS
structure and a vibratable thin filmdiaphragm which includes an dctive
region, a conductive area within the active region and conductive el enents
wi thin the conductive area, said thin filmdiaphragm being nounted to said
nmounti ng support structure and held in a predeterm ned state of tension

and predeternj . i i i t sai d net hod
el i ng. ¢ e isug ARehlrP e R PRickis TGS i By D8 D Cner gy
neodym um neigteedctingbawech the higheyergroagtetscsoss notad imterferamithithe) setting sai d
pr edet er m ned %5 to dldesg thatn one rH Ilimeter. In accordance with a tenth
aspect of theprg A HPEREN R Y& i s provi ded a nethod for increasing
si gnal ob)t put atealia@ibk idiphRgmaoc Sengppresadedresoana thefrgiakinthed t r ansducer

having a fund ntal resopant .frequency and potential |ow frequency range
down to frequ@%\r%"ﬁg?‘ﬁwsfomﬂmﬂﬁ ﬁﬁ%@'%?f‘%e'and a vi brat abl e di aphragm

area of | essitliaidaewithadeReteRgect b thy pRSIRehtRal s isfbdided
pl anar - magneti c transducer including a primry magnetic structure nounted

to a nouhbiwgd fupplieing distaidening singdp-ended plapastadgnetia bangdycer m di aphr agm

i ncludin Y i ay oh rhin. i ditani@dThq Founted to said
nount i ngﬁigl&%@%??l‘@% urg% nr%gé %ﬁhguﬁe%rglait nbatlpgg%agt erm r@g state of tension
and pr edebetableriaphigm ineloding aiperigheralrbeunday@né corslugtiveuegion withsaild met hod
! ke BRBR i ARG s PO BRI et 0 sai
| ess t hadiaghiggm toi thd mpwitag supporstacnasancetha it B niovetedwepreletasmedt of the

present j.nvention, there is provided a nethad for qvercom ng,thernal
P ra it 0T SR ARG arS O In & SRR AT G E BT Bitbn <. whi | ¢
I ncr easi agkisi UNEppPfiRES 16hg teRtal vidtbuLanatil laidhy aOlbasta pbitieh f thended

pl anar - magneti c transducer, said planar-nagnetic transducer including a
vi br at abiresiphery af the vibrafablp dizplagmncl udi ng a conductive surface area and a

nul ti magnet [RELdi@inYe EBﬁ‘Eigﬁth%%ﬁéé?éﬂ{ﬁ@%x@%f‘ﬁﬁ@lutioﬁ,ﬁmeFB{HdevﬂﬂdSUppOft
I m difaphragm be

structure, said thin fi p i'ng nounted to said nounting support

st r uct uremathdd Feirsiycing digtartionain apf ndedrplaeat- megnetic ghnsdugesi on and
R o
neodym wppaysieictunegideat vibmtablkeidibppragnengluding)m ptriphesi bawstlanyend o r educe a

conductive region within said peripheral boundary; said method including the steps of:

i) attaching the vibratable diaphragm to the mounting support structure such that it is

mounted at predetermined distancing from said primary magnetic structure and held in

a state of predetermined tension, ii) attaching at least one electrically conductive non-

magnetic sheet structure with acoustically transparent areas such that said sheet

structure has at least a surface area placed between at least two rows of said multiple

rows of magnets to improve linearity of the magnetic field above the magnets.

In accordance with a ninth aspect of the present invention, there is provided a
method to improve low frequency performance of a single-ended planar-magnetic

transducer for the purpose of minimizing discontinuities and improving integration to

a lower frequency speaker system, said planar-magnetic transducer including a

primary
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required i nput power for a given sound pressure |level and all ow ng

i ncreased sound pressure |evel before reaching the thermal liﬂfugy ohaC 22
July 2005 1In accordance with a twelfth aspect of the present Tnv n%l on,
there is provided a planar-magnetic transducer conprising: at |east one
thin filmvibratable diaphragm with a first surface side and a second
surface side, including a predeterm ned active region, said predeterm ned

active LRGP siritblrt odfted (AR AR e S1ONEBBbRANAUNH dBhra3h f ace areas
formed of "a plurality of conductive elenents for converting an input

el ect r i whichdiclles an setige eeaions ¢ eandueitiic apagobusthe ectvigregien and nounti ng support
structu Sk .l net i & - : he di aphragmto
capt ureE%ﬁg&R}g?ggﬁpggvﬁl{hmﬁtglggbllgﬁtawvr?rﬁg&b%%@%@@w%%@{ rgsl%jgtg %n f tension and
space i monntepiosdidtreounting shippdit strectot and laldim a fredeparinmed ytateegnet i ¢ struct ure
adj acen ne. of rface.sid f the fi.lm.djaphr. nd primary
mgnet | EnSDF R rrb bR 3 0 eflney Raanslir AR BRI 05t cd Tmgnet s
pl aced adjudingriic sepd ofupmtiading at leyst pay dbdrigated hiphededy atdymimht h each nmagnet

havi ng an ener gy, product of, greater than 25 nega (auss rsteds; at | east
fo. " of MEEh T Gyetiilg Hebbeniid) SRR R GhRe | n a

pr edet el Matoreimifigsetcrapart rel ati onshi p wherei n adj acent poles of the
adj acent magnets have nonshared, | ocalized nag&gti c |l oops. represented by

local |oop eleresfdanss it adanthasppetef thipassent vl theee ispapyidesat ween the
r espect @@ ABabink YghS oRiput HpaBligH e l@tl?l [denH@cgﬂ_@ﬁa?im ¢t conductive

surface area running substantially para to said magnets and nore
pr oxi malransduser hayinggctihddnyosd respnanhigeduenyly aad peigytishlgm&egeneshan to a center

poi nt of,, J‘c%wnst*&%feg&ngw B&B&C‘fodr%i%f?&re&’ﬁ%%\?fr{a Jﬁﬁraaﬂie%ﬁag,ﬂ}agg}aag&et s; said
pl anar - nmagnetic transducer belng operabl e 'as a single-efde
pl anar - ofdegradian®nt hembetl modrfiftyl squae irekasnpdidplempadkgnetivt trankdveedhi gh- ener gy

magnet s. c conpri se neodym um The hjigh ener magnet s can, have an energy
of Sat iagHng 3 PR’ maehei Yt wpiiiet b HnGBah PO B AT agm can
conpr i sabikble thindilinWidphRignCiadludiay & cordiuttaétdlen, ¥Eit €lih @im diaphRgad ar ound a
periphery of the activye area. The conductor can be incorporated in the

di aphr JgRvsfo spid snquatingrippertpfrustirg anc held giadpsedelsgningd stals ofadhesi ve. In yet

anot Ner X GRIGr&RRARINGE Bip oM Saill PAMIHUHSIne AR RN 5Ai freffdd! Nt €7 - magnet
brace which can stabilize the magnets of the nmagnet structure, and can al so
st abi | i neluding thewteps phg) ehdingthighgenstgy meedyrmium aragnesa i seid pivtkrbeyond t he

magnet | &zé%%{ié %ﬁfcﬂfr&\ aB@iij”‘Pdi%stiﬁg gai&’fn%ﬁceieﬁaﬂﬁedsééB ROfls REA HiRt ure. The

inter-na race’can conpr
millimeter.,

In accordance with a eleventh aspect of the present invention, there is provided
a method for overcoming thermal limits of a thin film diaphragm and attached
- conductive elements while increasing sound pressure output capability of a single-
ended planar-magnetic transducer, said planar-magnetic transducer including a
vibratable thin film diaphragm including a conductive surface area and a multi magnet
primary magnetic structure mounted to a mounting support structure, said thin film
diaphragm being mounted to said mounting support structure and being held in a
predetermined state of tension and predetermined gap from said primary magnetic
structure, said method including the step of including at least one elongated high
energy neodymium magnet magnet in said primary magnetic structure to reduce a
- required input power for a given sound pressure level and allowing increased sound
pressure level before reaching the thermal limits.
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a conductive material, and can conprise a conductive material that is
non-magnetic, e. ¢g. a non-ferrous netal, and it can be forne IEORPE -
12d 22 July 2005 |In another exanple embodi ment, an |nter-nagﬁ2e?fus%a0| ng
bet ween two adj acent magnets can be greater than one half a wdth of one of
the two adj acent magnets. The spacing can be greater than the w dth of
either of the two adjacent nagnets, or sone val ue between half and full

wi dt h of eithgr v rse or Cross
~sectional shaﬁleac%g%%g %g%\%vl t@lﬁto g%gl %}mlaﬁ ﬁlefé lgé[%oﬁg&hel ght. In
yet -anot mplanzarxaargnbtec mmmutemwnp,nsmgeatéach:y tlaf fi fﬂrhenbmaztgjﬂedlsplu‘agm be vari ed

froma ce line [ utward, lateral Ly in the
rmgneti cop oy BrERce s Bhd s e ind N iR, L RiPe e attetng  fhe

di aphr agfégibﬁnsahﬁ)rb’&ﬁtdrﬁﬂledsmﬁ&eglm ineludia @addefermined el@pite adndpativiel on and

decr ease Igteral outsr%gw? n} center of the magnet,i c structure. In
anot her &% ﬁ"b‘?réas ur 11%8 eAndytive slsmeats fyeo EREMPYr ¢ han 150
squar e | gehifgal sidhdl 1&@@cgﬁesﬂmné Rbhfic ohﬁ:ﬁf‘ a'rﬁou'nﬁ dg/wso@ﬁﬁhcwr&e ver sa.
Transducers in —accordance with the examp ments can be made havi ng
a | ow f rexynled dgthe prigary magneti¢ %talct%ar@rtb%élén’ﬁam@%ﬂwq;ﬁhg and can be

confi gur e configured
st oot Sopidel BUR il ARG oriARRR AL B ORIl e

repr oducdlst@nmnﬁrdnerthefmamany mgmud smmtlantaé]g@slt ofe afltle: sexfaceiidss efitbodi nents wi | |
e 2PPar Gl ik dn B SRS BehD S LRI B B8, AELRL hEL HBPGLLRL | on 1 aken

t oget her vmgﬁp 8 51 cﬁ;n e'b of are by way of
exanpl e, elamgitddomagbyts payedﬁdjdceﬂﬂahmub@ﬂantlalﬁﬁahﬁﬂenﬁsmldﬂﬁr@ﬁh@chTHE DRAW NGS
FIG1 is a cross-sectional fragnmentar of, an exenpl ary prior push-pull
ol anar - HATERNE SR LB AreAC D £o B Ca NG WP IEP Ly of Fl G 2

IS a crosfSaRiefii Qorly rﬁigﬂa%ahgadjaaéhgy\p&in@ed W&l@érﬁuﬂéﬂ Ispdcedr t
si ngl e-ended pl anar-magneti c transducer; FIG is a partially fragnmentary

Cross-s e%ﬂaﬁéﬁa‘l‘m&h‘éwhﬁfelfhmcﬁ@rpoiﬁs obthe gipcent wgg@%lﬁaé gonsparsthar - nagnet i c
transducgkalizEd fragfbtit ?ooglsJ bl i’dog\eéh% Afaxfiih R4k &hafedi NGl e- ended

pl anar-nmagnhetic “trans accordan principles of the invention;
FIG5 i smagrfetl@lnopwbwmthamsxm@mﬁdaﬂcyntmobﬁaf mmh@h@mngy magegiglgaidr i n

accor dango%dt%tﬂrg surface area running substantially parallel to said magnets and more

proximate to the local loops of the high energy magnets; than to a center point of the
shared magnetic loops between the adjacent magnets; said planar-magnetic transducer
being operable as a single-ended planar-magnetic transducer.

In an example embodiment, the high-energy magnets can comprise
neodymium. The high energy magnets can have an energy of at least 34 mGO. In
another example embodiment, the diaphragm can comprise PEN, and further can have
a damping material disposed around a periphery of the active area. The conductor can
be incorporated in the diaphragm and also can be coupled to the diaphragm by an
adhesive.

In yet another example embodiment, the transducer can comprise an inter-
magnet brace which can stabilize the magnets of the magnet structure, and can also |
stabilize the mounting supporting structure, and can extend beyond the magnetic

 structure to abut and brace the support structure. The inter-magnet brace can comprise
a conductive material, and can comprise a conductive material that is non-magnetic, e.

£. a non-ferrous metal, and it can be formed of copper.
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principles of the invention, a coil pattern is sinplified and structure
other than that 12e 22 July 2005 associated with the di aphraﬁqdﬂa grot
been included for clarity of presentation; FIG 6 is a front view-of an
exenplary prior art transducer; FIG 7 is a front view of an enbodi nent of
the invention shown interposed wwth a structure size typical of a prior
art device having sone of the sane characteristics; FIG 8 is a dB vs.
frequency pl e tGalk gprgﬁgfhr_ i Sfdency response and
efficiency o ?Bglgw%gﬁ%né%k%g%%%géth teL ialrll‘gfé?ﬁviéon and a prior art
devi ce; adja@nt i9agnstsgal bogreatpriban arcdaliafwidih of ehoeli theto asfacefe i nvention; FIG

| Gais 0 I device. i . I iLple units of the
enbodi n@% e('i) %%geﬁfgﬁg\éﬁf&ﬁg%%[ néhggl;ldﬂgﬁgl%g{)ﬁft%&gmﬁdk%%&f ace view of a
devi ce magmty or simenglueketweph balfimid fall eofidth lo€eittenbitie mepdetofThe he i nventi on of
FIG 9; FIG 11 isa cross-sectional. view of  .an. epbodji.nent. of the invention
Wi th | nPBESRGRRYS RS dF RS riena) ige RGP P B AL e 2bo ng shown in
outl i negrRRdhs e Heg@pondi ng to the alternatives shown in FIG 12; 12f 22
July 2005 FJG 12 is a front, face view of the enbodi nent of FIG 11

i |1 ustrating'n ¥t atothes grstplpermbodiment; the eessco fdiRBRESHFRR PH¥TKY shown in

out | i nefrodilaGenttad pbitiod of it s?ﬁﬁ\%try beivalf laRRI NS the el RALWR, the
invention incorporating different inter-nmagnet braces conprising a

| at ti celes gep bfveen e fhegrafitheanpankts eaghths didphuemaae bavaredatoasdnbdl to ot her
structu - | | el i igure, and thus
under ne%?ﬁtg}alﬁg%ﬁﬁt%ﬁégﬁﬁlgg lal{icﬁ(getc}e?éséet th %@%ﬁlﬁ%g%gﬁmadﬁgwggﬁtgé di ngly not

vi si bl emagnetihetridtgere; FIG 14 is a cross-sectional view of an exenplary

enbodi ment of th invention.dllustrating mgnet aci a .hrace structure
in one enbod{nnaé’ﬂ&'e’beé{iawg ce Ogﬂ%?\ﬂﬁﬁTenCﬁ%o&f%mn%ag%ﬁln&%Qilgalli]eg thaanﬁgpspecti ve

v:c ew,h pa;uhﬂeahdhys,fan@gamﬁh gﬂerdys ,tailamlfhhh alid w}deraﬁﬁsicesa@i.immﬂuceafin an enbodi nent .
of the invention with additional exe ary | ater upport structures, an
showi ngacapqdﬁwaﬂth“%? EEHIR %wﬁemw% FaPaah _Lw‘fneﬁ ;iowﬁqqﬁ?waﬁnges upport

St r uct UfaBitalihg diokdoREaD twoR R, bNGane chfzui@Mb hive d high fréfueAicypand and as a

range enabling them to be configured as tweeters and as ultrasonic emitters enabling

parametric sound reproduction.
Other features and advantages of the example embodiments will be apparent
with reference to the following detailed description, taken together with the appended

- drawings, both of which are given by way of example, and not by way of limitation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a cross-sectional fragmentary view of an exemplary prior push-pull planar-

magnetic transducer with a double-ended magnetic structure;

FIG. 2 is a cross-sectional fragmentary view of an exemplary prior art single-ended

planar-magnetic transducer;

FIG. 3 is a partially fragmentary cross-sectional view of another prior art single-ended

planar-magnetic transducer; '

FIG. 4 is a cross-sectional view of an exemplary single-ended planar-magnetic

transducer in accordance with principles of the invention;

FIG.5 is a front view of an exemplary planar-magnetic transducer in accordance with

principles of the invention, a coil pattern is simplified and structure other than that
12¢




15 latticework of wires or bars with cross-bracing, and a screen covering
that can be included in one enbodinent is shown in outline; quﬂylﬁ)dss a
perspective, partially fragnentary, partially cross-sectional,” vi‘ew of an
enbodi ment of the invention, simlar to that of FIG 15, but with another
exenplary lateral support structure; 20 FIG 17a is a schematic
cross-sectional view of an enbodi nent of the 1invention wth danping around
a perip i [ : ' : -partially

fr agn‘enfggglr;%/{?tgcglfvgetgvalgg I@E%g%g{% (rzlgtl b(%n Jlglzgdé&%ggf;% I p;e%%ﬁ?hsogé schemati c

cr oss- sEKi.i6analront weew off ancaxemplagdprime att tefisdubd; 25 i nvention with reduci ng
magnet gavs f Ok MRINCLE, \Mrrg(])dd' St PGS iR on ShQ Tnke os‘é‘%ﬁth%' ragnet or
centerliné of “synmmetry, g~ T 8" 4 SCREMAC TV e 0s82°S€ et 8nal  vi ew of an
enbodi nEnictudé sikdigpicalrof @ pribodart ddvide haeidy somgofithgsete chirastedities; f or nmagnet s

W th di ce froma central magnet or center.of symetry; 30 FIG 20
'S a {1 Bl SaE gt o RI0TCR Pl BENIC A GRS ROLEHE Ao et 5 shown
in the fesginkesid Ifidenty of & dévieCiQbRrdamcS WA BreSMhiidNald MirRwaff an embodi ment
of the _invention with reducing magnet strengths and nmagnet-di aphragm gaps
for rra@ffYéte's wi th distance away froma central magnet or center of

symet r G 9k3a EnthleidPOan diliedinteat bth@ir¥EARA cal plot of field strength
at the diaphragmin Teslas vs. distance in | nches across the nagnet rows,
and i | | Bl 1 B2 < froniars wicwed 2 devies mcorpeatingaiuitintgriwits ef thper gy approach of the
prior art. £ I - qr cal plot of field strength vs. distance, and
illust rérb%()sdﬂggpﬁg?leé egth&emicg?’rent of the invention, which illustrates

usi ng nEighHD is p &ontrfacet view efihdevice ihacpdratingopdtigle uaits dfshde greater than the
central shoglred rTF net i ct.eng.r?@. FIG 24 is a front face view of a device
in accof BRALEeRfof e SNEUM I T etit of the invention, including a

| ow- f r EBIGR NC YsaleFROSAHERA viRbfan Bindbdimkfiedderiayentibaist itetmagddt FI G 25 is a
variation of the devicge of FIG 24, erei.n a_high-frequency transducer is
i ncor potrages gthencantiguationsof theebrases Beipgiornrip gelinsenf QOFEROAtBEI t he

di aphr agaupdmmhiketholvs ishRs Qd. i n one enbodi nent and in another is separate
and

12f




is positioned on the rear of the device, in the position shown fromthe
front in the figure; and, 15 FIG 26 is a schenmatic cross- seogj 04l ew
of an enbodi nent of the invention illustrating magnet spacing to en%ance

- local nmagnetic |oops nore than a shared central magnetic energy. DETAILED

- conductive surface areéa

DESCRI PTI ON For the purposes of pronoting an understandi ng of the

principles of the 20 invention, reference will now be nade to the
exenpl ary enbodinents illustrated in the drawi ngs, and specific | anguage
will be used to describe the sane. It will neverthel ess be understood that

no limtation of the ﬁﬁoge of the invention_is thereby i ntended. Wth
reference to FIG 4, Ae? Entfagivise At theprbpdigmeof S dblligptngge-fi el d 25
pl anar - magneti c timamﬁagnmaacea,el&mate&mﬂmnm@mgtsholyﬂmm@ene thin-film

vi bratabl e di aphragm21,,w t firs urface.si.de 22 and a second
surface side 23, furtlﬁ 1r3lsc:ao§}’n?fa°°§‘§wé%an%crem Odﬁmgﬁ”ftﬁ BEMR1e active region

bei ng defined by @Omp@mldéﬁrewﬁnwﬁegtﬁit@pﬁmmm; l@ﬂuces»ultksmahtl ally

cont 1 but 6 {0 JEReabk O b lidEhderdy AU 6 ofbtsBithre PRACDEREOT © [ nC! udes a
portion of the daheghra m whi ch _does ot, in nost Instanceés, extend to

all the surface ¥ g Sh?%“%ﬁ%ﬁ’ﬁﬁhusﬂnﬂe%@éndw‘fﬂ@&@ a portion of the
di aphragm havi ng latdetorlitioRs, amrac&m@u@buvmlesﬁmé ﬁg‘&re attached. In the
illustrated enbodi men.s %I’I R are \t“éac a:(xj an eI ve defl ne a

THhe g™ '§’e’38 fed by conductive
strips 27 of the m}@!ltiondlmirammmlefap@ms@rhfapwwlhorreembw\zmthemg an i nput ,
electricalp 14 22 gydn &de sSignal into a corresponding acoustic output in
cooperation with a magnetic structure 35 conprising a multiplicity of
magnet strips, or a Pl FIEPEFReSHvEYiew, pirdally Sremgptappatidy s8¥%net s. The portion
of the diaphr agmswﬂmhoﬂasemﬂﬂeﬂof@emmtms;upmm&nas&émmﬂa@aﬁo as well as a
portion of the d| Q&&g ed to the

on
support structuré o ot res Chow 'Pf%ffﬂolgﬁ??mﬁ??tﬁ%“qt%“f%{%?fﬁ&c out put, as
they are constralsmmmcmrmtéﬁmamwwsﬂtqmcﬂuma;eambambandm y vibrate at

certain fisequencifgondple XD RAIAMAR G | SRANANAG Bl e support

structure i s possi bI e. Accordingly, these portions o i aphragm
contribute |itt[gh "ldfm%{’ﬁﬁmb@éle%{é?éh%‘t“l”t“&%put in ordinary use, and nmay

even work to distort Ft[d:‘les 1@ pa§rRdiss, bﬁnaﬂjdﬂ@mtent@j’: p& B8l loR-séckig@rienci es. For
conveni ence we d%fexlvrc} gohli { otfthe mvention, similar to that of FEG. 135, but with
another exemplary lateral support structure;
20 FIG. 17a is a schematic cross-sectional view of an embodiment of the
invention with damping around a periphery of the diaphragm;
FIG. 17b is a front face, partially fragmentary, view of the device of FIG.
17a;
FIG. 18 is a schematic cross-sectional view of an embodiment of the
25 invention with reducing magnet gaps for magnets with distance away from the
central magnet or centerline of symmetry;
FIG. 19 is a schematic cross-sectional view of an embodiment of the
invention with reducing magnet strengths for magnets with distance away from a
central magnet or center of symmetry;
36 - FIG. 20 is a front face view of a diaphragm useable with other
embodiments shown in the figures;
FIG.21 is a schematic cross-sectional view of an embodiment of the
invention with reducing magnet strengths and magnet-diaphragm gaps for

magnets with distance away from a central magnet or center of symmetry;
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of the diaphragmto be outside the active area, and those portions which do
constructively contribute to a desired acoustic output to be V%Ztﬂlllné
active area. The nmounting support structure 30 is coupled to the cP(ap ragm
21 to capture the diaphragmat its outer periphery, hold it in a
predeterm ned state of 15 tension, and space it at a desired predeterm ned
di stance 31 fromthe magnetic structure 35 adjacent one of:the surface
sides, as shown in the figure, being a first surface side 22 of the film
~di aphragm 21. The proper tensioning |levels for the diaphragmare
determ ned by the desired fund nt al..resongnt fr.equency for the device as
a whol e, and the di aph&g&ﬁ?@@ﬁ&?@’ﬁgﬁgﬁﬁ?' at?’ﬁ%‘?gﬁgﬂﬁ'ﬁﬁﬁ%"f's set for 20
t hat resonant fr edjstenciy inghet fvenss thgrmgnetowe pipl ifjustoates 8 exihizglvbrrl t 0 a slightly
hi gher frequency ' .settle into the desired

shhtgd ﬁiﬂélmg.égﬁr}’e%g #’m@&mﬁ ﬁﬁﬁﬂo‘ Q‘% )

frequency due to t ) 1stretching slightly when put under tension
and then reaching st aEiGs23s a graphisal pletof fiddptengiondistoeraadillesiaks. The magnetic

structure 85 typi gl emOduiichi@fhe Rlenti@AGHichHIRERRs GsH¥Ena gkt sgémg kongat e
magnets, with thengrrbo]gl Hent shogn L1 hlgg fi uLsg gjaw neg ive rows of

el ongat ed magnet s™38L° PRHEWE P 23 BEe GRAE franpere B WAL ETE and
substantially paral | BIG. 24ds efratfasiviee of a devicetilacsordandeodih oent t he magnets are
of relatively hig it . Wl ity of greater
t han 25 nega- Gaus%—lbo %%&?&%@?‘%@%& ﬂﬁc)g%rr%dt%eéf%gﬁ%%nposi tion of
t he hi gh-energy nftjprasyirasguiericl udes neodymium with the energy density of

the neodypg um bei ng atigl Basd vaddion dTiHDdevicd 6f BG4 UihkleM @ highllagey ar ea 26
i ncl udes el ongate conductive ths 27 runpi ng. substanti a in a parallel
S PTHTE: © FE’W&‘.‘

configuration wi t{FoSBGeHS BERD AR eI e ence ref erence
Wi || be nade to edigphgat efovhivh§nriated inncentbdingmingGh ahbth® B scharbaty aid005 nagnet
ows 'nterChfingeai?héﬁéiﬁo&?Bndlére%‘oftLe@ﬁw"iﬂ%?{;%ﬁ&?ﬁo&nb%mé@ﬁ&?mﬁén be formed of
el ongated unitary hagnets, or a series of discrete nagnets arranged in an
el ongat ed row. Thigugldngnnent of the conductive paths and magnets needs to
be suffigiently collBesss AehcRc@obsBboibil AT fenbbdinéi 6o | Nt eraction of

the magnetic 5 field, forces devel oped by th nets and netic field
forces devel oped IBV““"EE}F‘?%W‘?aﬁ‘lf%ﬁp%&gf%ﬁaﬂ@?%gaﬁgﬁf@f‘qws’ﬁ%ff ys thereby

generating the reqpiarédentialnagesic enbrigy.dri ve t he di aphragmto produce the

desired audi o out put. The nounti NYESMRRR DEsSEFHENUT € 30, t he di aphragm 21
and the five rows of '

For the purposes of promoting an understanding of the principles of the
20 invention, reference will now be made to the exemplary embodiments illustrated
in the drawings, and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is
thereby intended.
With reference to FIG. 4, in one embodiment a single-ended, fringe-field
25 planar-magnetic transducer 100, comprising at least one thin-film vibratable
" diaphragm 21 with a first side surface side 22 and a second surface side 23,
further comprises an active region 25. The active region being defined by a
- portion of the diaphragm which substantially contributes to generation of an
acoustic output, and therefore includes a portion of the diaphragm which does
30 not, in most ingtances, extend to all the surface area of the diaphragm. It does
include a portion of the diaphragm having coil wires or conductive strips
attached. In the iliustrated embodiment strips are attached and themselves define
a conductive surface aréa 26 on the diaphragms which is covered by conductive

strips 27 of the coil and which are configured for converting an input electrical
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el ongat ed magnets of the magnetic structure 35 are cooperatively configured
and 10 positioned in a spaced-apart relationship, wherein (i )zjﬁl@ymgnti ng
support structure 30 stabilizes the nagnetic structure and (ii) the high
energy nmagnetic forces interact between the rows of magnets so as to not
interfere with the predeterm ned tension of the diaphragm 21. This is done
in away contrary to the accepted wi sdom of providing a closer spacing of
the magnets to provide a 15 hi gher energy magneti c field. W have

di scovered that by usin her en S w feasing the spacing
bet ween themthatspé’ﬁg’ﬁg? g?“efpﬁ'édmﬂf?ofwilc%uf es gg; prior %nar-rragnetl c
transducers di scusses 3abmpssingamulsiplicy Qﬁ!@a!eéﬁlps,eya gylinligiye§owa bal ance

bet ween nagnet sgﬁmc %g "RQ B&tionDE fER g,aq,ﬁdg@sﬂggattme pl acement (sone
portions of the diaphrag BEI

not use ar uctors), better 20
efficiency is obuipereguqtyse 108 aé?P%t?BPBth%‘g’tpE‘BW%i ‘gesp[ o8 manufacture in
a singlesended dgw ggendédttowaéubpohemaﬁﬁrdeﬁ:bt&tbaﬁhtmﬂyaﬁntﬂbhletoconf| guration

(conposition/ ener P‘r@‘g%b‘ﬁ%ﬁféf“é aggd%qgesﬁ %ﬁlm@ﬁ%ef@wﬂmets nmust be

considered to defffe” uired ween adj acent nagnet s;
or, to approach tvib&tepr@balueﬂmqueamlfbrexanwwhow\f’he@r@@mcapfﬁh@ﬂ@éi‘ ng is desired

then the shape, i A hechle] ﬁ%hmg?fmeg%n%émgmfpﬁqﬁgﬁaﬁ%&e be ‘chosen wi th

bal anced, coordi na ues , as wl scussig hereafter. In
either case, the lifledfayniracoustc optpt iOFRTVEL FY TR SEHREOX Bi95BRMgm i s done so

as to maxpm ze t Q@m%gtﬂﬁﬁ bt‘éerﬁiﬂlﬁﬂiubdﬂ@s @br &ohk&md'lcﬁ@é‘ﬂeﬁ@ﬁtdh@brhonsand t he
Wﬂgnet ICc structure,

net . str ure c houl d al so be
consi dered in det"é?‘?ﬁ'ﬁ“ﬁﬁnpﬁé"“@gﬁh& ‘a"}"ﬁbar'l’g){(g1 ?ﬁ{é&n%ﬁ&tﬁ%ng structure, to
ensure 30 that tharsa;cu\&lysuftﬁmetoeardtsusctacentyztdqtpetmber@bmFhﬁmﬁ&@fﬁtao resi st and
Count er the repL” SI Vﬁ]}lQmOﬂn%ﬁ %@&tgﬂ&ll‘éﬁlg‘:&)ﬁ%l&fm&l@@apﬁﬁgﬁlﬂtt§1 based UpOI’l the

sel ect ed spaci ng of Fi nal hr a ?}J]fl guration with
its attached concstemmthedr@bmm%}Wmegphegfh‘%?!ﬂlﬁﬂﬁ%% ?t%“é] red properties

of di mensjsonal stghid, hﬁd)épacfﬁﬁitH&Eﬂeﬁ@ﬁ&@rﬁbﬂ\dﬁtanceBDﬁtﬁlﬂtﬂﬁi@ﬂxct he stabl e

conmbi nation formng theﬁ(ghym catthst ruct fwﬁﬂ%egi?x ﬁm]g‘él I)45{2005

transducer. Thes&TEHfiIdAUHTYL K, eﬁ"lg?cg?‘ t”Peas opera confi gured and

positioned at a Qﬁ@dﬁﬁd@ﬁﬂbﬂﬁ&dﬁhﬁ@@hﬁg&napafliepmedrmlmsthhsfmﬁech is selected

to define the desire f e afherflf fetiint BEG phact uring cost
i alp%aegrr% r anslgﬁ ol | ﬁﬁhe d@&me@f&ﬁd exftdf fekbhnt R&GhentPO

characteristic of cer. menting _correlat {%d materi als and
5 di nensi onal conis'tmlamwlmh;ﬂn@ﬁedlmh@ﬁ%m!ﬂ?&??“ef’%"“Hb‘f‘%ap{“&g“h‘éf% &in a long-term

di nensi ongl st abid LynMEEGSRG ekt oRisSitibor At (aBES iy @igharoduct Wit h
dynam c o
frequency to allow the diaphragm to settle into the desired frequency due fo the

diaphragm stretching slightly when put under tension and then reaching stasis at
the desired resonant frequency.
The magnetic structure 35 typically comprises at Jeast three rows of
25 elongate magnets, with the embodiment shown in the figure having five rows of
. elongated magnets 35a through 35¢ which are placed adjacent and substantially
parallel to each other. In this embodiment the magnets are of relatively high
energy with each having an energy density of greater than 25 mega-Gauss-
Oersteds (mGO). One possible material composition of the high-energy magnets
30 includes neodymium, with the energy density of the neodymium being at least 34
| mGO.
The conductive surface area 26 includes elongate conductive paths 27
ranning substantially in a paralle] configuration with said elongated magnet rows.

For convenience reference will be made to clongated magnets and elongated
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and el ectrostatic speaker systens, while operating as a singl e-ended
transducer. It has been found by the inventors that in singl e'ﬁ"ﬂl 05

pl anar - magneti ¢ .speaker systens, the diaphragmtension is a véry 1 nportant
paranmeter. The 10 tension should be set, and nmaintained, at a selected

val ue for both reasonable performance and long-termreliability of that
reasonabl e performance. Very small anounts of change (change equating to
error in this context) over the lifetinme of the device can significantly
change performance, even to the point of making the device unusable. This
has ‘been a very . dmnfighéteus inteedhaigtablpgmt it will houndaradod dntahesdrad i formed er s of

initially obtainipgg, grgrp . I N Qf e & Lon ggh ver the di aphragm
surface (see, for eQIé %?@%%gg%gt%ﬁ?gﬂﬂg%%é%m% ; )ﬁr?gi ntaining it over
a period of year selongidaey. nThsglignment pithe copdugsivepsthe pd magrel needytohg  attracti on

bet ween nmagnets i fffiRfeht ool REHIEpakallclSE dnbifid dibicR idtddRAGR of e Ragdn@fzdency over time

to deformthe supge?({tl n% strycture so as to I,es]ﬁg{gF di aphragm tension in the
20 directi‘on of at¥rEEUeEop by Hempgmewd pagngtsfeld freer derieped® on probl ens can

ari se due to intearetflivoig inthe cordioiieipathwaps thecy gdntmting the Rguigdfoaeent rows of
magnet s t oget her I o] ' : | i ke polarity repul sing
each other, in eitt%%g’reﬂ%g% _ et?rg}p@?éntg&c?{%%%?%guﬁe shape of the nmounting
structures such that Themsinsing jugpogisiusiuerdt?, thpiqiaphraemndd andeherfive o plon change
probl em has been didapdidd@azd2is 3RS RRhGE sthi¥ture 2%9@93%{3&%%@&@5@&5' ity
limtations of priaor thin-film dl%p_hrag . .Sych instabil'ity has been found
to becone%si gni f i ROSRePd 0 feppced-argp aqtigns! %’F‘ﬁg})*edn‘lﬂ?tlnﬁf“?@"very hi gh- ener gy
nmagnets wth str esgihsiocnbitiRethonghetic sfuchrebal (@hethighesgiagiets than those
previous! y empl oyl bl eflee Shdlgh SorSRLEE R BUAIBANGL b transducer -
configurati ons. rrpT oyl ng hi gnh-em_ar gy %lagne_ s Irn prior art structures with
30 closer spaci ngredgermingdiausion pf the diapbragred - s fs dptedtrarayfonithng tost r engt hs
avai l abl e for  UsRsachptta AR oBFrEAiRY a ok Kpa@iz HBE RABMEBL b pRviBSa t he structure,
for exanple by materials creeglover tipe. I't also can give rise to higher
<]

tenper at uPes in tiererE RRAseld. Krdhavedicquprediimberng R e i f not

i medi ate, di st urhRnecandincleding b bfadifEtetweineiRsi tRfinag ok diffieuties 6 of t he
thin-filmplanar diaphiaomane, (0. Jtomblan.al fie.d b 2yl y 2005
supporting structtird giviRg 1186 1o generartzed SY&EkenrAg of the

di aphragm and aladelaict batweepuaggét baeing and agnet stpethind zeducthe larement i on out si de
the el astic rangqs@flhafcobs theldbhrid WG hR s (Y¥GryohdRUeY, vepduct or heati ng,

whi ch can al so | ower "dia h,rgigm tensi on overall, or give rise to
undesi r ati®e audi deffg}efqyfsggtlalg_ m terms of audio output per cost of manufacture ina

single-ended device. It will be appreciated that the configuration {composition/

energy density, shape, and size) of the magnets must be considered to define the
proper spacing required between adjacent magnets; or, to approach the problem
another way, if a certain spacing is desired then the shape, size and strength of the
25 magnets should be chosen with balanced, coordinated values to match, as will be
discussed hereafter. In either case, the placement of the conductors on the
diaphragm is done so as to maximize the magnetic coupling of the diaphragm coil
and the magnetic structure. This magnet structure configuration should also be
considered in determining the configuration of the mounting structure, to ensure
30 that there is sufficient strength and resilience to resist and counter the repulsive or
attractive forces of the magnets, based upon the selected spacing of the magnets.
Finally, the diaphragm configuration with its attached conductive coil elements
should have the required properties of dimensional stability, as mentioned above,

to complete the stable combination forming the physical structure of the
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5 The follow ng considerations should be taken into account, and a bal ance
found in single-ended transducer design in accordance wth thezjﬂﬁ%dson:
(i) magnetic field interaction between the fields generated by tHhe

di aphragmcoils and the fields generated by the nmagnetic structure 35,

whi ch depends on nmagnet size, strength and the magnet spacings 55; (ii)
configuration(s), and material (s) of 10 the nounting support structure 30;
and, (iii) dinmensional stability of diaphragm 21 when used in a transducer
i ncorporating the very high energy neodymi um mnagnets of greater than 25 to
34 mGO (to val Uestrabﬁi(c@f‘d‘hg&g’c nty ﬁ@dﬂer@l@rec&@érﬁﬂ&?@nﬁ%%re@&m eve a high

per f ormance speaker. ng i e of Sl.f geﬁg termstability.

Wt hout these balBRHH% ?é?‘&"t"f‘*fﬁ‘?’r@ﬁ?"ﬁ d-apaff gelai ®YP 15 singl e- ended
devi ces woul d, i rﬂeﬁxbehesihﬁedmdreasffmmmudio mt;mnpeﬂmmfaaﬁmigamsnl y in the

| ong-term int erfccﬁgrgctem&cgf%e @g@?@%ﬁﬁﬁﬁﬁgﬁ%ﬁw&&wgﬂ lstmlﬁf di aphragm 1In

ot her -words, these ance e achreved by selecting the
strength #nd spatduaqnswrel@@sﬁmﬂghﬂlpgans@ceagablot0|melta@aé@g1tmal ized field

strengths, and atdménklﬁlameﬁqtnbc@ﬁa B(Bﬁovﬁé@e%&béﬁub%dﬁd&ﬁh@yuﬂﬁé average field
strength for t he devi ce as v% he. undriven ortlons of the

di aphragm t hen ri%gel W?SW“WWEWSﬁBF f”ﬁ"é??gem*mgﬁ%@é ernded fppsducehart , to obtain
a greater net' di aphr dgiss bics flugi®p e infvenfody thas ingingle- endsdplzﬁmgﬁahuma for the sane

cost of manuf actur tained by o sing the net field
strength. It w |1°P eer%'sgal’en la‘?'ﬁé'ﬁpen What 1s7ac 0“‘”}(? "ﬁede@s an econom c

efficiench i ncrea@ewﬂﬂhméd bersetrand ysintiibed, %ﬂ@lﬂ@emhlp)@tbmasqnh@e sanme cost 25 of

-manufacture, wt fb@ﬂf&mﬁl@m&%ﬂg éinﬂghabﬂiﬂgf&ﬁEéHéoﬁsIbﬁ%E&dnBAﬁcéOX/e@ large increase
in forces between rragnets bei ng]ﬁérans erred to the support structure. The

difficulty of thé g6 PAUaI [ erpriR g St¥Q OYeRiBor t ant  di aphr agm
t ensi on par anet erljfetimb@m@daléehmfs@nﬁtzﬁtwdhﬁgaﬁ%ﬁfaﬁce&ﬁenp&aaﬁmafagneti c

devices W th ol OselsRAhAC.aLL OMESASLON DANEL P BRREA] S 10 have

di scouraged 30 e EIvE ap Cat i on or Feat er ener gy neodym um
magnet s tld si ngl @vewdre,dmthpitamapfm’@agmdmncngtthmwmoftmm t hough this type

of magnet has be%oen@\e@erh@taiaﬁmg&qarfa&v(&e erQanrE;ﬁ:r@S PaRntTROL39NGH, this is

perhaps due at |east in part perception of required extrene close
spaci ng of the ré@&@w#@vmwﬂ”ﬂarﬂ&?@%ﬂgﬁglagﬁrpfﬂ'amf%&ﬁv@g. nteraction of
forces between th&s@ommeﬁﬁagﬂmpﬂ&ngaet&umm%@a&elslartbu@acty@wa have

surprisingly di SGO gr ﬁ tgat a o tsre%rdé rtoalch ﬁ]ll rection of
expansi on of the "SBRACIRY %sblgpo ?% 1?"6%‘3‘ AT0 ' 1
. 20 _ direction of attraction of the magnets Tensmn calibration problems can arise due
to interaction of magnetic forces attracting adjacent rows of magnets together and
also by opposing magnets of like polatity repulsing each other, in either case over
time changing the shape of the mounting structures such that tension is altered.
This long-term tension change problem has been further exacerbated by
25 dimensional stability limitations of prior thin-film diaphragrns. Such instability
' has been found to become significantly worse when attempting to utilize very
high-energy magnets with strengths on the order of 5 to 40 times greater than
those previously employed in prior single-ended planar-magnetic transducer
configurations. Employing high-energy magnets in prior art structures with
30 closer spacing, one generally induces much higher field strengths available for
use, but also greater risk of deformation of the structure, for example by materials
creep over time. It also can give rise to higher temperatures in the conductors.
One can encounter long-term, if not immediate, disturbance of the critical

tensioning calibration of the thin-film planar diaphragm due to deformation of the
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correlating the other paraneters referenced above, enables effective
utilization of the high energy magnetic fields wthin a stabl 2005
configuration. 5 FIG 4 shows an enbodi ment having five el ongd eéllyrovvs
magnets. This basic transducer architecture of the enbodi nent coul d be
operated with one or tw rows of nmagnets, but it has been found that it
achi eves hi gher performance wth at |east three rows of magnets 35a, 35b,
and 35c. It is found that by using odd nunmbers of rows of magnets the
conductive areas or regions 26 can be 10 formed to operate nore
efficiently. Therserjpeﬂaﬁgsnhdtrregvmg‘risva,gerﬁﬁﬁlzesﬂaemngbfﬂmﬁ@h:@@danmunbers of rows

are used. This is,at.lea i.n_part hat in a. configuration
where polarity ofdsfﬁgpﬁsééﬁé‘} eqom[bzr@‘?%% gmnoul Fl?:shfmgef’&(}acf%e di aphr agm

coils, and the pcheondugtoss @enm@mmtdmétaﬂmwmdthmdwmwenﬁ@h@m that a

ferrous netal C e (R of Ge G uRMAN hugSbiEL UTe 0 ving Tise to a flux
return path 15 throu e nounting structure, Increasin eff|C| ency.

Furt her nofe by revergfhﬁ&“mﬂéﬂ‘%&Pﬁ‘dF‘)?“%ﬂmﬂ%Pﬁﬂ(e'aﬁm@?fﬁ““ﬁ plagsf magnets a
coil configur atiqmmeins&@laé;wectmﬁuceeﬁeagﬂaﬂh&ombmmﬁasfeﬂm @gross over itself

i s enabl ed and per th ter to he S|t|on in close
proxinmity, thus sf?aﬁ%eltnf?iﬂoﬂt a‘i‘?ﬁ'h‘tf thcrlie Pe“frﬁtgﬁé'g? aphfem ﬂ&nuf acture of the
speaker. 20 The pnébefddsigmveid hydr rparrtialtmaurbds, vhidvispendson zuagnet hod f or

mai ntaining a  Sgh, QfenpRk ! tnﬁ%rétsmchgslﬂ @ &ﬁﬁgtaﬁn&ts) 2aceRiable val ues for

operation of a single-en anar - gﬂ ransducer which utilizes a
~thin-fil Modi aphré’&rﬁ“’z&“ﬂwuﬁ’l’?ﬂé ofurer3giand F‘]‘%@ﬂ%‘}alﬁb‘i@”’éﬁ@h‘aﬁ%econd sur f ace

Si ge 23 tga]E Inclzw@ﬁ&uaed%pamadm\&@corpbﬁgjgmv%hllgﬂaﬁrgsdhsawlagm i s positioned
and spaced from a nagn r nc i ener gy magnets,
at | east 35a, 355"5‘??% ‘é“e‘%?“zg f@osq?%vﬁﬁewm%% 5?Le]rably greater than
34 n30, and i n onelaentioehiewrithigh pefoomngepektr ghich inapdlenwt werinidhe par anet er s

e O e Wb Ak ARt ORRAR e, BRAAREIP DO weon [ he

magnets 35a throu net ragm E{am ng 31, and (iii)
proper ordoi ng dusaplhﬁleﬂgdﬁemewe% %%aﬂd?@n#’ﬁ’é"%lﬂ dtths ncl udes the

steps of: a) COOR&EAmh\iérkreGaH fle gl'éddteﬂﬂne‘d tRUBRP Bk dfbiag@t ure 30 and _
positioning the hlgheer of the magneti struct re 35in a
spaced apart relati dﬁ%‘ﬂ éhg’?%%ﬁ ‘f‘i'éel%"ﬁb‘g@? 1"9?@1"135?@1‘31 ot ? s not stressed
in antici pated useengh andtsiimalsq:maﬂelaps sb @s talinpredslbealifed figdd stiengtinced goes a
permanent def or m@l;e sShik tun\é'ﬁ\%{ é?‘éaﬁy &Q&se ajngt ag&agg HL[X st%ng%:’for the device as 2
20 whole. The undriven portions of the diaphragm then ride with driven portions,
spaced farther apart, to obtain a greater net diaphragm displacement per signal
strength in for the same cost of manufacture, than can be obtained by only
increasing the net field strength. It will be apparent that what is accomplished is
an economic efficiency increase, i.e. more usable audio output for the same cost
25 of manufacture, without compromising long-term stability by a large increase in
forces between magnets being transferred to the support structure.
The difficulty of the ongoing problem of stabilizing this important
diaphragm tension parameter, along with related parameters of planar-magnetic
devices with closer spacing of low-energy magnets appears to have discouraged
30 effective application of the greater energy neodymium magnets to single-ended
planar-magnetic transducers, even though this type of magnet has been available
for over 10 years. As mentioned, this is perhaps due at least in part fo a
perception of required extreme close spacing of the respective magnets,

developing an unworkable interaction of forces between these magnets. The
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support structure stabilizes the magnetic structure 35 and concurrently
resists high energy magnetic forces interacting between the hizZhngneomy
magnets so as not to permanently alter a sel ected di aphragm 20 tensi on;
and b) attaching the diaphragm 21 to the support structure 30 with the 5
di aphragm 21 being placed in the sel ected di aphragmtension. An exenplary
enbodi nent” i n-accordance with FIG 4 conprises: D aphragm Material:

Kal adex(err) PEN or pol yethyl enenaphthalate film D nension:. 001" thick,
2.75" wide by 6.75" long 10 Conductor adhesive: Cross |inked pol yurethane
approxi mat el y 5 ninganiorsbave suprisingly despngted thatradopting sabrttaiy\apdryacts of t - al umi num al | oy
foil layer 17 m C&Iﬁ%n&ﬂkﬁk&on%ﬂﬁé&b& FEQ]S Bé?wééﬁ’ﬁl?g%&%l@ Og‘%&xh the magnetic

structure to actuate th hragm roduce an audi o_out put from an
el ectrical signal “FHe ‘histhe‘Pﬂ’%ﬂﬁ%u‘?ﬁ‘%‘?‘?&%ﬁle@@'%‘ﬁ“ﬁ@?Wllﬁ’é“)fmfr FIG 20 -
Resi st ance of conﬂtﬂﬁﬁhleu@gypﬁdglibueﬁemsG:ﬂﬁﬂimﬁabie%ﬁéﬁmam pol yvi nyl et hel ene

danpi ng C ound appl Per . _Eour turns Conduct or
wdth 2 0.060" 20 Sphge %‘f’sv%&&mb"ﬂ é}da‘c"%“éfé“"i‘%g"é‘*&é‘ﬁ”s freted ) 020" Mount i ng
support structur eThlsmsugauag@ewh@cmmbﬂé@wb@e‘tmcoumbm@mmona" by 8" 0.060

felt danping on bagksbw:ak n@g&ﬁthas%&rnlf&ﬁ&jﬁl&ua%#&tht%ﬂ 9 péibokdigbure to film
adhesi ve - 80 cps cyanoacr £iate ? aam gap (31) = 0.028
' Magnet to nagne‘t“%b'%‘i‘i‘f@“@‘&‘d’f(“%?t‘s”a@ b ggh35e. I‘Jh‘gfﬁ’é%dsthﬂtbm@ﬁ%m ve

attachment: cat alqamﬁaba@aﬁawﬁagammédoﬁductﬁbu@asbmgm@fzsJaﬁllseee magnets each

goz]a-? 2d \ll\lmef)agymou%gig?'}ga %Ee%e?#o@@?%&gtg @?ﬁ%f%w %?@Fé‘ﬂi %@P#’Bl ot ce: Ni28k6|

numbers of rows are used. This is at least in part due to the fact thatin a

configuration where polarity of the magnets is oriented perpendicular to the
diaphragm coils, and the polarity is reversed between adjacent magnets, thata
ferrous metal can be used for the support structure giving rise to a flux return path
15 through the mounting structure, increasing efficiency. Furthermore by reversing
polarity and using an odd number of magnets a coil configuration of conductive
elements which does not cross over itself is enabled and permits both terminal

ends to be positioned in close proximity, thus simplifying manufacture of the coil

and manufacture of the speaker.
20 The present invention can also be viewed as a method for maintaining a
: set of parameters within a range of acceptable values for operation of a single-
" ended planar-magnetic transducer which utilizes a thin-film diaphragm 21 with a
first surface side 22 and a second surface side 23 that includes a conductive
region 26. The diaphragm is positioned and spaced from a magnetic structure 35
25 including high energy magnets, at least 35a, 35b and 35c, of greater than 25
' mGO, preferably greater than 34 mGO, and in one embodiment are composed of
neodymium. The parameters maintained by this method comprise (i} a proper
spacing 55 between the magnets 35a through 35e, (ii) a magnet to diaphragm
spacing 31, and (iii) proper ongoing diaphragm 21 tension values.
30 ' The method includes the steps oft ]
a) cooperatively configuring a support structure 30 and positioning
the high-energy magnets of the magnetic structure 35 in a spaced apart
relationship wherein the support structure 30 is not stressed in anticipated use of

the speaker to a point where it undergoes a permanent deformation, wherein the
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22 July 2005 Resonant frequency: 200 - 230 Hz (adjustable by di aphragm
tension) H gh frequency bandwi dth: -3 dB @> 30kHz Sensi ti vl Wi %&3
volts > 92dB Wth reference to FIG 5, which illustrates a di a%r%
configuration in 5 an enbodinment simlar to the enbodi mrent shown in the
previous figure, at least one thin-filmvibratable diaphragm?21 includes
an active region 25, as defined above, of |ess than-150-square inches. The
active region includes a conductive portion 26 configured for cooperation
with the magnetic structure (not shown) in converting the input electrical
signal into a corsespomitivglabiiasbe nggndi stpgiice 3T4nd cdburewiydessti ve portion
conprises a wre TRL LS ] J: gg@,tnﬁ i al and is

i ncorporated in o?éha%n%lg%ﬁagg&?g’%ei%@%?%g%?%g&n&]ﬁi%éﬁ%ﬁa t%‘g%tsw integrally
form the active Pliperaneytyeltesapeloctsddignhrgem PO tensippiapdal | y out put from a power
canplifier, is input gt t etBlidlcHiagRamMeh wipport RRcOWEENME RS the transducer
has an upper audi bandwi dth 1imt, usyally extending up to the treble
range. An 5el;pper I@W%E%B’g%ﬁ?8“666?13”’&?3.'6‘5‘%‘/?%feﬂ??’?‘ even greater than 20kHz
is obtained in sone ambedplregatiedineoimacerireditefiGst weatét ng 50kHz or nore.
Hi gh frequency . dih is affected by the di aphragm size, diaphragm
movi ng mass, and the "I nductance of the conductive portion of the

di aphragm One of theMalenalirKaladeS" REN or piivethylenpeanhthadate fily t hat t he devi ce

di aphragm can be real hzeg h@j\,}..mliﬂnwﬁg%ﬁq@n ower noving mass, and |ess
i nductance than prior art single ended devices, all of which can

contribut® to nore exfudetodadhesiyl rowditkehpofyurethanseppseximaelyrtthierens and
surprisingly, for singie-ended devices of this small size, the audio

performance extends down to a |ower audi o frequency range sufficiently |ow
enough, down to th%t SHWdckraeiptyey sof plyainempalion ol laxshbacrertie to enabl e
Crossing over to a 25conifafed fo,codpbrate @itndthSBaghal kg beiciadid thd ty to perform at
very hi gh sound pressyre I%vel S.acrass th§0 ban Thi s unexpect ed

i.df h.
i nprovenent in conbi m"ﬁ’g nalpfogifceaq‘s?uz%ou 4 (%ar?ﬁ%\fwfl ahlqulf/“PFtor i ntegrating

with | owels frequency Alemingesonéntuslpatm acpnbién20 onal crossover network
integration with standard | : 1 roducti on equi pnent,
Rk PHREK PR IR

whi ch can greatly enhance t ' . e 30 pl anar-magnetic
speaker in accor danteCRMexsn pabevinylgthelene lamping Baspeind appli¢d{Rer FiiotBgoi ng, and
favorabl e cost of nangfbaghUll ag. this opens new doors for effective

conpetition with conventional dynam c speaker systens. 21
* Conductor width =0.060"

20 * Space between conductors in each pair = 0.020"
Mounting support structure: 16 gauge cold rolled steel
e Dimensions: 3" by 8"
e 0.060 felt damping on backside of magnet structure
¢ Mounting structure to film adkesive - 80 cps cyanoacrylate
25 * Magnet to diaphragm gap (31) = 0.028"
»  Magnet to magnet spacing gap (55} =0.188"
Magnets: '
¢ Adhesive attachment: catalyzed anaerobic acrylic
s Five rows of three magnets each 0.188" wide, 0.090 thick, 2" long, each
0 row being 6" long
. - Nickel coated Neodymium Iron Boron 40 mega Gauss
Oersteds

Performance:
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22 July 2005 This unexpected conpatibility of the present invention with

| ow frequency woofers, even when the invented device is much S%?ju eﬁOOtShan
prior art single ended planar nmagnetic | oudspeakers, extends

enbodi ments in which the active region 25 has a total surface area of |ess
than 100 square inches, even to 5 |l ess than 80, or even nuch | ess than 60
square inches in selected enbodi nents. Despite this small surface area,

t hese devices can still performdown to a woofer crossover frequency, and
typically have an operating fundanental resonant frequency of |ess than
400 Hz with the abidiReodast flRRicR B0\WLI0Mz FadjuStibld by ARPIRAGYEnsibd) M t of 50 to 500
Hz or less. In transd s in accqordance wth the i1nvention the 10

f undament al operat i ngﬂﬂg}é FHFY bap Wé 16Nt @ S % or oxi mately the |owend linit
of useful operating S$engfjirenrss vomnrgedf the device. Even transducers having
such an operating r a Q SS .1 an 30 . can be
acconplished in surS@%ﬁe%repcetO%H?W%fhz%uéhgﬁ %p SR THEERPR Y ng unusual |y
hi gh ef fi & enci esangmbpdingonsimdlayse the suhodimeng sheivs indieppraipedigire a;ir:aisior art

si ngl e- ended pl arlﬁémﬂi&ﬁﬂeﬁa}a&bﬂ-&ayﬂﬁg‘&l§Pi§cludk§hn§81%e§5%dds L, the inventive
devi ces that have active diaphragm w dths of |ess than 2 5 inches but with
lengths of 2 to £8overpEisishap 50sapage chss: T‘Eﬁ@l"é?é‘“&e‘f“f“@éﬁ“@@“ﬁ”%th f undanent al
resonance frequermmeszadanﬂghnedfoﬁﬁ@,&mﬁ&nuﬁﬁ&emgneﬁﬂeudﬂ&e(ﬂmw)@h energy, high
stability magnetlccvslgt Lures a %n ehlg t I%mggﬁllesthanthe
prior art even with the SHalf di aphr: ﬂ1a§°r“§ %"Hs'fﬁ i aphr agm form
fact or isllal t er ecrondyctivepogion cdmeprises gl wire ayfracg compoibieps: canddetivamaerBl,t 0 48 i nches
(or nore) long t d JaTHtYe] operation

can be reduced t%ﬁc\l/\lél_%? el ovl\I/I(?Lrgo Hz%eq‘? @%%Etrﬁénﬁgﬂémnfﬂ%h smal ler in
size than a pri dliwaatr"ff%?ﬁg?héd%‘fmé@n%ltyaﬁawOhﬁaﬁﬁ@tlﬁeowebwg%@aker with the
ab: | i L y to l:’epl’(]ﬁbug@teﬂ:ﬁnalsawa’ﬂdﬁﬁbemh%ﬂ@MofiﬁuﬁM%erhaEﬁlﬂlpi)dﬂmﬁti on \A?ulﬂ not
only be smaller n also i.cienc vices of the
prior art, when é’wdl“%t&\lm Yreal em%"?'%‘ép ?ﬁ [er’ﬁnﬁe M“BPGE¥WF°?eenC| es that are
too | ow aln'd t her @ﬁ@@@nm@ﬂld&nwweasommomswm@nbc&mel capability. Even
smal | er devi ces, ﬂéﬁinﬁkﬁ t s than 20

square inches can stil tsz%&{éérég?gﬁ%%&g&?gggﬁ%%?? érg IﬁgﬂEpeaueh‘“%ssubst antially

| ess than 30 40(5’“‘}42"‘1%%?52%{?“%&}6#‘3 S’@%é@”@ﬂ?l“@i"%@iﬁ*’» rating very

hi gh audi o out pUtnﬁiu&@&)ﬂﬂﬂdonH@qubﬁﬁnc&‘thlaﬂlhlﬂnd@ﬂdéﬁiedlhﬁ@cﬁfﬁm‘ag@émeti c
transducers of the.sa Thi s snmal I%Bez evi ce can even be

optim zed to hav eénvF'gE?)ﬁg’ﬂtttheJFY“?&'@B‘%@?%‘T"IMB@?B’W T#5 and mai ntain very

good per f20r mance ldweomevidg@nass, and less inductance than prior art single ended devices, all of

which can contribute to more extended high frequency response. Further, and
surprisingly, for single-ended devices of this small size, the audio performance
extends down to a lower audio frequency range sufficiently low enough, down to
the 50 to 500 Hz range in many embodiments, to enable crossing over to a

25 woofer, while also having the ability to perform at very high sound pressure
levels across the bandwidth. This unexpected improvement in combining smaller
size and compatibility for integrating with lower frequency devices enables
conventional crossover network integration with standard low frequency sound
reproduction equipment, which can greatly enhance the marketability of the

30 planar-magnetic speaker in accordance with the invention, Based on the
foregoing, and favorable cost of manufacturing, this opens new doors for

effective competition with conventional dynamic speaker systems.
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22 22 July 2005 resonant frequency on higher frequencies up to and beyond
audibility without requiring a separate tweeter. Even nore surprjulf 264,

wi de range transducer enbodi nents of the invention can be nade snaller
than nost prior art single-ended, high frequency 5 only (generally greater
than 1500 Hz), planar-magnetic tweeters (25b, FIG 6) having sizes of
greater than 50in2 . These invented devices of nuch smaller area can be
operated effectively as an extended-range tweeter while at the sane tine
have the ability to work effectively down to a | ow frequency range such as
50 to 50011z. It has Thiesexpeadroiatitality of telppsat inveagpaedth bwt r ansducer in
accordance with 1 enbodi he | nvention.c he de having an
active di aphragm 9?@‘3‘?%%°°€ﬁ%ﬁ’“‘%%§%?‘f’%’%ﬁ %’gglsglru‘éhasmgléer@%spgoﬁaﬁzn 9 square

i nches whi ch wi | | sieglgtended plouhmeenetia oudspiakars, entendsgo entbodimenss in whigtitee sti | | havi ng
an operating resonairedidn®9 W fo¥al sudiite hl@¥brass tRAGod u indh&SSete t0 much
greater efficiency per unit area and nore effective diaphragmcontrol at

the fundankental rESREED oFevegivenless then ¢ sapqredychendt sslesfedembgdmenton of .an

enbodi ment of t heDéspivalil snall susfddpRs, @eke dévicecapstillPErfoah Hovamithph@fended

pl anar - magneti c | quds kers b urther .instructive of the advantages
nmade possible. Ta r%ssoé’grﬁ%%“(%ﬂe”tq?%%faﬁ%%geéa"(ﬂ’ Crgfing F‘P%ﬁ‘gﬁﬂéeéormq?n accordance Wi th
FIGs. 4 and 5 andfreghepsmy lessithag 400 Wi theabikty b operqt&withimylow fregBihciact i ve di aphragm
area 25 (less thagydlseQual B, dr BGH BansdbRR i AR tdalcP it ¥ £fladol®e20 SRl | est
prior art_ single-ended devices known to applicants, a device with a

di aphr agnt@nd’ f r aftedamenal pRgraneesprant Sisauensy isgprsormately thejow-gndlimitafiy  conf i gur ed
substantial ly as skoMperiting frégtencrags 6hddedice. Bodn@aiisdudls hadnHshéh 499 to W ney).

When conpared to transducers in accorda with the i.nvention, such a prior
devi ce required a"pg%trf;nﬁrmo}\?"@m ﬁ?%ﬁ&fgessp%?“[%@ﬂz% eiﬁcno&pl’mweéié? er portion 25b to
25 extend the systunringiitsoed fiss viie billchiening envedaflelgh offeieyrics amldi ng t o

manuf acturing  CoghigprelNIR 106 dombRAGY prRf ad S1G1e SRRANEES iRt e FIG 4

enbodi ment_ of the invention 1s at l'east 6 dB nore than the prior art

devi ce, akd only d8essdn smespodipents, g inyentivagleyiees Bal haysaetive digphen t he si ze.

_ Thils isdfurther i?ithﬂ@t@Zbﬁcﬁ@&t@&ﬁﬁﬁkﬂﬁ;onﬁhﬁnclﬁsor‘glﬂ?]?@i n a freguency
arrpituecurveS re esent s (0] ut o an un .3 a t ransducer in
R ot danee ui tr b BEERER Wi bt Pt s BBt SR b Bl O o e
device (FIG 6) af00ferBehigamesd() high sty hegnaic staictuanan fibvidedjgh@sent s t he

frequency anmpl i t Uk BaRhe BiP Al &biludoMAAHRLent s Wk oaccor dance wi th

20 diaphragm form factor is altered to be on the order of 8 inches wide and 8 to 48
inches {or more) long the resonant frequency and lowest frequency of operation
can be reduced to well below 100 Hz while still remaining much smaller in size
than a prior art single ended planar magnetic loudspeaker with the ability to
reproduce as low a frequency. Further, the invention would not only be smaller

25 but can also have greater efficiency. Devices of the prior art, when built to these

' sizes are himited to effictencies that are too low and therefore have limited sound
pressure level capability. '
Even smaller devices, having active diaphragm areas totaling less than 20
square inches can still operate at a resonant frequency of substantially less than

30 400 Hz and maintain very good efficiency, generating very high audio outputs

compared to prior single-ended planar-magnetic transducers of the same size or
- larger, This small size device can even be optimized to have a resonant

frequency weil below 300 Hz and maintain very good performance from the
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4 and 5 (and as shown in FIG 7). As illustrated by FIG 7, such a device,
with less than 1/10th the active diaphragmarea 25 (shown for fﬁgﬁgﬁéion
inside a 23 22 July 2005 frane 30a of the prior device) can b% is
much smal l er and still have substantially the same frequency response but
six dB greater sensitivity. Enbodinents of the invention can have even
greater efficiency advantages. The uni que specification of range of size,
frequency range, and nagnet 5 35a to a di aphragm 21 nagnetic air gap 31 of
t he exenpl ary enbodi nent shown in FIG 4, can be further illustrated in

t he formul as expressadidehagwn higler friqeantiesup yo and Byord wlitilivestoed t r ansducer s
-having total acti -d] ﬂgw eas of less than 150 square inches. These
formul ae define s*&ﬁg%%ggé t é%£have been unrealizable in prior art

si ngl e-ended pl anar nEgheer gunfisigsly, #ile rangp tryppducpr epbedipeats afthe Fr < (2000/ squar e

][Oot of A) }M\e[} ei ﬂveﬁthh):an%@lhi@de_%miﬂH&haﬁl%ﬂ@ig@BthA aﬁgl&a@e{dﬁéh%@kh gcgt;esonglnt f
requency of the transducer in n equal s vibratable area o
the transducer d‘i"’i?’ﬂ?ﬁ“ eﬁer%gﬁéhénﬁ??é“.agzﬂﬁ‘f e?tg?ﬁéh’gmd@fi nes the

rel ationship of fheiggeacsf ghfertian $0id a Thrke ineatetioeiods of mucH inalerevepr €sSi ON i s

i ndependent of gap_si . i [ function of the
size of the diapH%%%%%S%gggg%ﬁﬁﬂ$§§%ﬁﬁgﬁ?%gnﬁ%kgggggg§f§%”§gre root of A)/G
wherein (Fr) equaliese thepbilityirieralnetisetiaely dosadardpy fepenguergs joobes PFe transducer

20 in Hertz anﬂ (ﬁbHﬁ%h%ﬁbientfﬂﬁ?Mht?ﬁﬁﬁﬂh@e@tﬁ@dﬁﬁriﬁ:%&)r&aﬁc‘émucer di agh_ragm
in square _ inches an e s the net tq di aphr ap neasured in
millinetel® at théomﬁﬁ%e“&gggﬁ’éve??%ﬁga%@éﬁaehﬁT"é\gﬁﬂF‘gﬁ‘h‘_ﬁg’F‘]ﬁg’f his case, the
size of the gap isgisnadtha koatsurfaicabren df Res than Bisduark inches Which il gl acenent of the

di aphragm which affects._.effiCi . I ) i ement limts.
25 A third fornul%&%%ﬁ#%ﬁ%f%%@?ﬁgﬁxgvgggﬂ%‘g?ﬁﬁ%?%g%%@%%gﬁhgg of operation
for a very smal | -alowas 88z orless fye tocmygch graeir eMgjensy per protsrea ayfd mgye/ G wherein (Fr)
equal s the fundanglidd didpRa@@tol §tiR GideeNalsodahtEreduedpsducer  in Hertz and

(A) equals the vibratable area of the transducer di aphragmin square 30
i nches and (Q equal SA%%?‘HW@?W%%‘P&B‘E?%%% BEPBR N il i neters

as to a prior art single-ended planar-magnetic loudspeakers may be further

instructive of the advantages made possible. Take a hypothetical case of a
transducer in accordance with FIGs. 4 and 5 and sizing it so as to have a 2.75" by
7.5" active diaphragm area 25 (less than 20 square inches}. Contrast this with the

20 smallest prior art single-ended devices known to applicants, a device with a
diaphragm and frame having dimensions of about 34" by 10"; and, configured
substantially as shown in FIG. 6 (see U.S. Patent No. 3,919,499 to Winey).
When compared to transducers in accordance with the invention, such a prior
device required a separate midrange portion 25a and tweeter portion 25b to

25 extend the system into the treble range effectively (adding to manufacturing
cost). The efficiency of the speakers in the FIG, 4 embodiment of the invention
is at least 6 dB more than the prior art device, and only needs an active _
diaphragm area about 1/10th the size. This is further illustrated by the graph of
FIG. 8, wherein a frequency amplitude curve 5f represents the output of an un-

30 baffled transducer in accordance with FIGs. 4 and 5, the curve 6f that of a baffled

' prior art device (FIG. 6) of more than 10 times the area, and 7f represents the

frequency amplitude cure of a baffled transducer 100 of in accordance with FIGs.
4 and § (and as shown in FIG. 7). As illustrated by FIG. 7, such a device, with

less than 1/10th the active diaphragm area 25 (shown for cofnparison inside a
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the center of the transducer diaphragm A fourth fornula expresses simlar
paraneters to those above but with the area being replaced siﬁpjé%(@ost he
wi dth or small est dinension (w) of height or wdth: 24 22 July 0 Fr <
(1000/W And a fifth formula further includes the nmagnetic air gap. Fr <
(800/W/G wherein (Fr) equals the fundanental resonant frequency of the
transducer 5 in.Hertz and (W equals the smaller (w dth) -di mensi on of the
vi bratabl e area of the transducer diaphragmin inches and (G equals the
magnet to diaphragmgap neasured in mllineters at the center of the

t ransducer di aphr 3041 the priof deviselicanshe magde thivaych sealler anddilibave pr act i cal singl e

ended pl anar nﬁgdﬁ@d‘t&ﬁ‘au&99@&9%&}6%%@0&9‘&@5&&@%}&%:%&#9@.aS shown in FIG 4,

for which a 10 sfructure has been applied that_can sinmultaneously support
magnets of great eFRONRANISS thy aryntion cag haye gypn gresteretficiepcy afyamagss, 1O whil e bei ng
spaced to maxi m ze dilstuiplaujeriGatiafof rAgResie frequrady@nsand nidgient ai N di aphr agm
tension stability,., This . can.achi eved t.hr h net t.0 net spacing that
is at IeassftBl 75 to_SSig)(? d‘aPlﬁa sr}érl{la%“ﬁtéc agfgapaﬁn O?gﬁ%%e%)? aetmtbf’&eméesnfn&g‘ﬁ“e hal f of the

wi dt h of one of tihElGrhginde Surther lusipted iniths dermrelpstexprésset! beawnpdsiculadied for certain

appl i cations, SUCH: RSinRAPranditeR hivig 1ePsthie DFhlet AR WIAA 1 fDer of the
pl anar - magnetic transducers 100 descri bed above and as shown in FIG 9 end

on end to form fgyargiplesy Hhege formpylae dofing styuptusey thet have besg yprealizabls iy speaker 103
shown in FI G 10giionit shilelendbyplmbrd@gnetisdevisdhown in FIG 10b to make a wi der
Ioudspeakl%r. These tr.ﬂlrc\%‘%{feer,s may be 20 wired in series, parallel or a
conbi nati on of the two. R¥reference to FIGs. | | and 12, in another
enbodi nent further Shr<idPisgndre edptefdint s facilitate obtaining the advantages

of hi gh-energy magnetgelf (rriPde@iid PR dnRl SFRAGR. KRR §ENERRY S ahi | e avoi di ng
t he previously-di scussed b at can arise. Due to the extraordinary

robl ens t hat
i nter-magnet f or dB&YYRERH Y ADeguajethsvitmtabls amefithsyriigseiet s 35a, 35b, and
35c, such as >35 Jdipkeadnein eliyiire tithes. TOA if@hiyla deSindd BB telafdnsith of frequbdeer braci ng
structure 52 can be provi ded keep.the . inter-mgnet attraction and
Fepul si o™ or ces ¥ FEH BF BESFT T DR ohE RSt 8r b Seep Bt e 30 and
t her ef or e i nt er f emdravy fipquedyy bdpdutcemsf besizaf hddigbegn of the of the

A second formuta is:
Fr < (1500/ square root of A)/G
wherein (Fr) equals the fundamental resonant frequency of the transducer
20 in Hertz and (A) equals the vibratable area of the transducer diaphragm in square
inches and (() equals the magnet o diaphragm gap measured in millimeter at the
center of the transducer diaphragm. In this case, the size of the gap is factored
into the limitation for displacement of the diaphragm, which affects efficiency
and large signal displacement limits.
25 . A third formula contemplates an even more.impressive range of operation
for a very small-area device:
Fr < {1000/ Square root of AYG
wherein (Fr) equals the fundamental resonant frecjuency of the transdﬁcer
in Hertz and (A} equals the vibratable area of the transducer diaphragm in square
30 inches and (G) equals the magnet to diaphragm gap measured in millimeters as
the center of the transducer diaphragm.
A fourth formula expresses similar parameters to those above but with the
area being replaced simply by the width or smallest dimension (w) of height or
width:
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di aphragm 21. 30 At | east one brace structure 52 is positioned in abutting
configuration between at |least two, and preferably all, of thg Al sgant
hi gh-energy magnets 35a, 35b, and 35c. This helps to mtigate the effect
of magnetic attraction forces potentially reducing the predeterm ned

di stance between at least two of the high 25 22 July 2005 energy nmagnets,
so the high-energy nagnetic forces do not deformthe.support structure 30
and thereby interfere with the preset tension of the diaphragm 21.

Consi der one enbodi nent having a brace structure 52a. In this case the
structure is a plate abutFivg00H® magnets to hold themin place and resi st
their 5 magnetic ﬂﬁ&d’mtﬁjrﬂ%ﬁl}tﬁerﬁaﬁh@ﬁeﬁﬁg&cgﬁéﬁ) hol es 53a through plate
52a can be provided to al ow alr and sound waves to pass through and the
plate is at |least parti aF’fy SISt i cal | y transparent. In this connection,
i n anot her enbodi nent whmn(Fee@alsthammaﬁenta&s@a.bﬁapaﬂagoma@@nucatructure 5 1b

configured. for myj f. hi s 35a, 35b,
and 35c CZSn be a Pg%a"da@teﬂ‘%gst lfrsrél‘a[f] E&Hl TP l(1:?) 3’5&"’33 tIreS| st
conpressive for ce@emﬂu@ré&mmgﬂlmgesvw(ﬁ)mp@metrmgnqt@a![aplzmam gh degree of

~acoustic transparﬁawedJlnmﬁnewgraﬁh&feméfoftu&&augdﬁcepawh,q used between any
two magnets or between each adjacent pair adj acent magnets when usi ng

two, three, four, fi theEfr0%?@@6%3%?“’%@%?%”3R€P@FWF’% to the enbodi ment
shown in FIGS. |Ln@ﬁdlcbﬁdspéai?@m&ﬁ%ﬂﬁiien@sﬁih@ssh&ﬁuﬁﬂm} ¢asthwgliche extended around
t he outer, peri pher of, t 35¢c (52¢) to further
rigidify {Oﬁe st r ur§iFghas en%ﬁgfe%tha{ ﬁgﬂefusﬁé%‘?o%lga@ﬂﬁ %éef‘te‘) ext ended at an
out er peri phery mZQWG&mrﬁenble;ﬂlwwﬁ%wwebmgsquttaﬂammjzﬁ de portions
30a, 30b of the saﬁamﬁtoﬁm&i,etfeaﬁr mn%tm%a%mggr&&é&oﬁgmw Thidl S enbodi ment,

further holes 53d are provid e outer magnets 35c, 20 35b.

This latter conf|‘Qﬁ?ca‘tj‘feéﬁmﬁgwgﬂ%?“&&Efﬁpi‘%ﬁat‘ﬁtéﬁﬂﬁ? Shot only to the

magnets, but al S(lhdu&mﬂtﬁb&)fﬁdﬂ@oﬁﬁ[eﬁdtﬁﬁ&alﬁﬁ&ww&ﬁibf@ﬁeol’h\@mﬁﬁd&@ort structure,

further el ping to sfabil ed- sect oned s ort structure of
i S R A S Cation

this enbodi nent to t'€hsi ariation in
t ensi on. These f dhdy; ewldiatp cahlye abemiehefitigiptanapinagmsticarameyce®s d60 nai nt ai ni ng 25

di aphragm cal i br %&cﬂ&dﬁ&%ﬁ%{sﬂé&ﬂ?"@l@%é}iﬁﬁﬁg o%ﬁnﬂ?ﬂstﬁheaﬁﬁr -magnetic

transducer which utilizes a first surface
side 22 and a sed‘%?ﬁ%?‘edwsf"ﬁ%""éﬂ’@é‘“é@%ﬁ‘lﬁflmﬁ@ e side ysideget i ve regi on 26.

The conductive r agdvaiinFI&. 10b to make a wider loudspeaker. These transducers may be
20 wired in series, parallel or 2 combination of the two.

With reference to FIGs. 11 and 12, in another embodiment further

structural elements facilitate obtaining the advantages of high-energy magnets to
provide performance enhancements while avoiding the previously-discussed
problems that can arise. Due to the extraordinary inter-magnet forces when using

25 very high energy magnets 35a, 35b, and 35¢, such as >35 mGO neodymium, -
which, as mentioned, further bracing structure 52 can be provided to keep the
inter-magnet attraction and repulsion forces from distorting the main support
structure 30 and therefore interfering with the tension calibration of the of the
diaphragm 21.

30 " At least one brace structure 52 is positioned in abutting configuration

| between at least two, and preferably all, of the adjacent high-energy magnets 35a,

35b, and 35c. This helps to mitigate the effect of magnetic attraction forces
potentially reducing the predetermined distance between at least two of the high-
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positi oned and spaced froma magnetic structure 35 including high energy
magnets, at |east 35a, 35b and 35c, of greater than 25 nGO, prefgiaRilds
greater 30 than 34 nGO, and conposed of neodymi um The calibration in this
method relates to i) proper spacing 55 between the magnets 35a through
35e, ii1) magnet to diaphragm spacing 31, and iii) proper diaphragm 21
tension. This includes the steps of 26 22 July 2005. a) cooperatively
configuring a nounting support structure 30 and a magnetic structure 35,
positioning the high energy magnets of the magnetic structure 35 in a

| at eral | y spaced-eapay hagned, sitthehiphizngoey nagettisvoeesalo notidbfermriieispippbitg  suppor't

structure 80 st abidige® h0Ee RSk 1BhE HEESDT LRSS o 1 oh energy S

magneti c forces int eractll ng ween ] ener% magnets, SO as not to
interfere with the tefupideorpfempodimenibntingpriraq strugiyre 2da: RAMS 9% thehe di aphragm to
t he jSUDportdstr;Jos*nwl nﬁglwiagltteaﬂaﬁngﬂé.ﬁ@}ﬁs&gmé@él@@}agmmﬁemihast ed dngp_hr agm
tension; and, c acl n an | nter-mgnet race pac structure I n
abutting 210 rel éﬁﬂ%ﬁ?&ﬁ&ﬁ“@o“mﬁ’eB%T@ﬂgﬂestsﬁ%&%%&@&%% ets. It will be
apparent that t heprovidod lgitdwriy asd soyd wavee torpass througleand G plete isefleagtxecut i on, whi ch

can be vari ed. Fﬁ%ﬁ?%@ﬁ”@é‘?@f%‘g@ﬁﬁ%ﬁ‘%ﬁmt c',rﬂ%cetalggdh;leqmggd/ or around

all the magnets _ . e nmagnets can be attached
to the support stseendnKlFel3 abrreing piver strgpivuapH b eqpfisired foranislaipised and at t ached,

with attention tGoki@ing bf tithicRtiey RAEIE S5, B end FsceaWu Glikssguaireas (the traces
or wires) and th ts of netic structure. |t should be noted

e, magn of the nm .
Chat whi 1€t he cdFIETTEES aid @mpRssse ljrewilsako SREVer s at t ached o t he
side 23 of the direlifradipindeice ofyoasticttenspdiacyrayzgipe of stngturegadlditee 35, they coul d

be |l ocated on th I I 2 s. Moreover,
t he conductors cglﬁidgftg%en%%rt?%%%ﬁp%%%g%%%n\%cgEﬁ%sntt %agr og%&dﬁng%%ﬁe%m for
exanpl e by formi righen vsing thoathiee. &ymiivdfor mossirayysaf magpetvf | ayers with the

conductive traces sanginasimbeivdBa stokn AFNE W 5614, b6 QafPfas | ng conducti ve
material in the cqil ﬁattern desired within the di atgh*r]??g%;nq##self. As an

exanpl e 0f the [°4% {ouy be pxispdefl pround the guterperippery of fhe.oniRr gy s0 as to make
it conductive, W5t @2c) todfarthedHgidty thestrugae. tMatwepthe fldwecasl beefidbieagm

non- conductive, a_goj attern .of con t] teni n be formed. An
adhesi ve and net é”f‘te%ﬁiarﬁ |°r11’ge”i”?§?}ﬁ'3’c?gd§%1r?l egée{&tlg\éﬁentggb’%gﬁ%gisggt he conductive
traces, as w || Ipertibns3fdn b ofihewbsiysteof thyshppoyt structure 30. In this

embodiment, further holes 53d are provided outside of the outer magnets 35c¢, .

20 35b. This latier configuration provides additional rigidity, not only to the
magnets, but also to the side portions 30a, 30b of the support structure, fusther
helping to stabilize the U-shaped-sectioned support structure of this embodiment
to tension the diaphragm 21 with minimal variation in tension.

These features may also be thought of as a way for maintaining

25 diaphragm calibration for operation of a single-ended planar-magnetic transducer
which utilizes a thin film diaphragm 21 with a first surface side 22 and a second
surface side 23 and includes a conductive region 26. The conductive region is
positioned and spaced from a magnetic structure 35 including high energy
magnets, at least 35a, 35b and 35c, of greater than 25 mGO, preferably greater

30 than 34 mGO, and composed of neodymium. The calibration in this method
relates to i) proper spacing 55 between the magnets 35a through 35e, ii) magnet
to diaphragm spacing 31, and iii) proper diaphragm 21 tension. This includes the
steps of:
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In prior art single ended planar-nmagnetic | oudspeakers, it has been a
necessary practice to use many nultiples of rows of magnets plgcggl 8scl ose
as possible to each other which can cause undue anmounts of acoust’c

| oadi ng on the 30 di aphragm as acoustic energy traverses the narrow channel
between the magnets to the external environment. The narrower (or deeper)
t he channel between nagnets the greater the resonant behavior at high
frequenci es which can cause a peak in the high frequency response foll owed
by attenuation of the high frequency output, limting high frequency

ext ension. 27 22 Jul ya)2008copafitivély ¢cohizgunmpechounting supporisercyurd Bi0ginl £ner gy nagnet s

25 i Lhe. St ant uhaueRbBilos bhi@u] AR el ARAGRnORagligoest poSSI ble

spacing with single ende eakers” can one extrenely problematic,
not only acousti c#Upyre 3hine lagralivspacadsepprarsiationphin, andmihergip the mpwntingmt er - magnet i ¢
forces discussed wbﬁ)vtis@.léﬁ}elaoQﬂﬂ@éﬁ&h&ﬁg&&@éﬁﬁ@ﬁr@ifaﬁd‘ksiidﬁ%ﬁeﬁéﬁﬁz stability of
t he m)untigﬁg structure articu%e?vgel%%for long term reliability, can be at

risk. Also, with Plﬁgé‘“ﬁi?’ﬁ'a?@%‘f"gg U BB RIS RPAIY¥ Qol e from the
i nvent ed devi ce, inhderagibulgitinsiol dadiaghgginl2i;ough the prior art small openings

(10.2 in FIG 3), bEtWe”a&%g%%ﬁﬁaﬁm?&?ﬂzzsuﬁ&qst?’étu% Gpoeconme  significant
y nanc

internms of, not only,” Iinear "cavity resonahce |ssues, but even to the 10
poi nt of causi ng fitPHEET Plesad e pelested diaphpem BpicoLdut . The sane is true for the

structure of FIG 2 wyth piaingaMinRidad 6fRcelhdlr sthidn sPet¥RGR magnets 35.1 and

35.2 wherﬁd' n even gr_e@sper Idgadi nﬁ] CQES fromthﬁ attenp‘%mat deeper magnets

for a sihgle- endBd GERRLEa PERGY ﬁbd?aﬁ%jb’ﬁggfﬂ?“?: Il reappasey B de r esonant

cavities 10. 2 andforegdng3tepsbfs ndtin anionly: af exwciition, hich cad ¥ vatidd. R@s been found t hat

using very i gh CaeLAY, oiRAREH S defafo bPasiigl & fRAGHRLARAT - TRANEL] C
spacing the g s i

transducer 100, an magnets a ances af woul d make t he
magnetic fields skssf i then thamagheisarf bsaitached to the suppert pruptere, thep deens,

surprisingly, cangiiphRgON fndidd&l RELEMERIE Rtentiol BlrdRiratiBiBlevtesd thedbi | 1 ty Of

si.ngl e- ended transé) cers oyer what has been done before, 20 typically

i nvol vi ng*>bri ngi nﬁ“"t‘l’ﬁgeﬂﬁﬁ Uacey prydisy) andghpanagrsts of themaghetic SEGII approach, the
di stance 55 between al shb@édigtnotedvbat 3bike tirrandd&ive Bkest2bof trdpibsent hi gh ener gy

magnets 35a thro i . event v, .five thousandths of an inch.
Further perfor mﬂ%%&%ﬁ&%%n%ﬁé%ﬁ%@f?ﬁ zéé’ Oséltgtirpémf%“(%{r?ﬁthe spaci ng of at
| east two .or  norsucfe 35pthey seiidhedasatedrindis feshwurfepy sidelgnlosest td the at | east ni nety

thousandt hs of anndeReN Moreover, the conductors can also be incorporated within the

20 diaphragm, for example by forming the diaphragm of a plusality of Iayers with
the conductive traces sandwiched between, or otherwise incorporating conductive
material in the coil pattern desired within the diaphragm itself. As an example of
the latter, locally treating the diaphragm film so as to make it conductive, while
leaving other portions of the diaphragm non-conductive, a coil pattern of

25 conductive material can be formed. An adhesive and metal printing method can
be used to deposit the conductive traces, as will be further discussed below.

In prior art single ended planar-magnetic loudspeakers, it has been a
necessary practice to use many multiples of rows of magnets placed as close as
possible to each other which can cause undue amounts of acoustic loading on the

30 diaphragm as acoustic energy traverses the namrow channel between the magnets
to the external environment. The narrower (or deeper) the channel between
magnets the greater the resonant behavior at high frequencies which can cause a
peak in the high frequency response followed by attenuation of the high
. frequency output, limiting high frequency extension.
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25 to 150 thousandths of an inch or nore apart. Another way to view the
optimal spacing is wherein at least two of the adjacent hi gh

magnets 35a and 35b have comon di nensions and the predeterm nedlﬂl sot ance
between themis at |east one half the width of one of the magnets. Taking
themto an even greater value in ternms of magnet to di aphragm 30 area ratio
it is advantageous to expand the spacing to at |east seventy or one

hundred percent of the width of the at | east one of the two adjacent
magnets. This of course can be carried out with the spacing between all or
a portion of the naghith te nor! usrf hawidgheangyatagamrss ofhegstedt er spaci ng bet ween

each pair. It haspahsf m@ﬁﬁﬂﬂﬁ}%&&%@;&é%ﬂ%@&&&@(ﬁhﬂ ; gnets i's

opti m zed at val ues around the same wi dt h, and
| ower. I n ot her \A’B\‘dd&eakefsﬁél‘%‘?‘é’@ﬁé’f@mﬁk‘léﬂbfmﬂ%E‘E%W‘E‘&‘P“W\k}éﬂsot hey are
approxi matel y squﬂecﬁan[cmycmsmemwa@encf&&salgdassbdq;s@m gd@eRedaidan woul d  produce

a square gnet . L use the increnental str h i ncrease of the
magnet acHi eved bi’g“g%?i'it ﬁ?ﬁgﬁdﬁiﬂﬁ' %ftﬁléﬂmoa‘g'ﬂg FrupturesnRftic lﬁ@?‘%ﬁ‘i"éff"’by t he

addi ti onal 5 expembnbilityf cah beeat dsiid Also, eaitlnthe mmdevels ofmiuaic oatput afail:ble about t he
poi nt that the depine HSUAY &"‘wa}’f’%‘@{“g‘l&éﬁdﬁ“gg’f"%d‘h ﬁgfﬂﬁ‘gf%fec' ated that nore

squat cross sections are genera e nagnets currently
avai | abl e becone W&EEHIEZN @e"):é?tweegéﬁﬁ'a@e‘ﬁ”ﬁ”aﬁéﬁ §oaebecamier limt on depth

di nensi on is cur rgiitkaat ikehd og doddMty, HIBE QFiyabsin SR AGRE B efeltd iRy than an
economc Jimt given fﬁ%/“ effi per unit 10 cost. It shoul d be noted

that anotfer constPrLY s‘f‘%m@g'f‘eta‘f‘tf‘i’ ingRETGHPY i The Pt KEvsfr thene  gap for each
magnet circuit, afochirdxerRiG.Qrvath aarmiwaed degsic | lhetvach naige 35.agnet s

(relatively Speakdhﬁ%e.@xht g’b@%}%&%ﬁﬁh%ﬂ%%%&mﬁeﬁ &%‘B&lf{]et“rns) can be

quite  val uabl e s re or nance v e enhanced t hrough
t he above- st at ed 458l 6%%?“?%%&“@%@%%’1@ 18éenfuse a greater
area of the diaphagm can be driven with fewer magnets conpared to the

B R e B L MR e
el ectroacousti c onngqmwmeémlasmgﬂmﬂ@lsﬂamagﬂaﬁoamnsdﬁcheo falrsping e 0SS t he
di aphragm Thi s %E? %ce?ﬁ.at%:oﬁ I‘elﬂ% g&gg@eﬁ?pub%o the 20 distribution of

magneti c energy | evi ce; i's "concom muau\’/\/ di stribution of
magnet i c structurl@ffmﬂmaleBﬂfgwe@m%Furwplm sandgprovq the pesfopmenéet | es  bet ween t he

- magnets, Whi ch i S,R&eStigiRd bkinfil il BEQ0US over BRI 68 Sech BdnE berdBONEt
20 typically involving bringing the magnets closer together. In the novel approach,
the distance 55 between at least two 35a and 35b of the adjacent high energy
magnets 35a through 35¢ is at least seventy five thousandths of an inch., Further
performance value and reliability can come from the spacing of at least two or
more of the adjacent high energy magnets is at least ninety thousandths of an inch
25 to 150 thousandths of an inch or more apart.

' Another way to view the optimél spacing is wherein at least two of the
adjacent high energy magnets 35a and 35b have common dimensions and the
predetermined distance between them is at least one half the width of one of the
magnets. Taking them to an even greater value in terms of magnet to diaphragm

30 area ratio it is advantageous to expand the spacing to at least seventy or one
hundred percent of the width of the at least one of the two adjacent magnets.
This of course can be carried out with the spacing between all or a portion of the
magnefs, or to have variations of greater spacing between cach pair. 1t has also

been found that the depth of the magnets is optimized at values around the same
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forces and keeps them from di sturbing the structure of the transducer and
tension of the diaphragm and provi des better nagnet voluneiéﬁﬁﬁfﬂﬂkagm
area usage, 25 for nore-economcal, but at the sane tine, smalTer

hi gher - perf ormance devices. A practical guideline on spacing, is to
provi de about 1/2 or less of the wavel ength of the highest frequency sound
wave to be produced by the transducer. In practical terns, about 1/4 inch
or less is a useful spacing distance to avoid noticeable distortion for
transducers reproducing frequencies of 20kHz 30 or greater. The

above- suggest ed disithe isitho prs! layter. duipthes &/pds, the geasets aremolt espromipkycdhemt  conduct or s

can mnimze eff elﬁéy%re@fnpr&k'ﬁnﬁéws\d@&@&ﬁs be@ﬁb’ﬁ mretemeégltﬁ@%ﬁam novi ng
dlfferentlallyfroir’BPthose portiqQ ontrol | ed by the

conductive coil AR AYERRE t] st&??a'é"?%ﬂ@‘erﬁféﬁﬁgg‘ﬂ yegpgattheog 22 July
2005 In conpari smagummﬂavqan:ymrdmglaldinmesdepﬂahaotqlfsﬂfﬁbddaythveidmbxﬁas 26 conpri sing

i ndi vi dual,. traces/ w [.8$
expense of the

i ndi vi 27,43re mve e madg ts to adj acent
t he edgess of the"faces %?dd{%ﬁnalma mg era%o\‘\ﬁepcftt&amf rh%erat ed enbodi nment
two turns per nmgwésttheahciehtel’mﬂkbye@recmthattﬂh@SWC@#SSH@QM@(GS 35d and e having

one fewer 5 turn é%ﬁleratuiﬂ@esﬁ’éﬁe%t tﬁ@'ﬁé’gﬁets c‘n'l?énﬁy Mﬁbl@ﬁé@&n&f BRIl sbe an _
advant ageous arrangerrent fromth st andpoi nt, of maximzing coil turns in

hi gher intensity sﬁ’(‘}??"i"’éﬁ‘é'ﬂ%?ﬂ°“t°ﬁ]é“‘t%déﬂﬂtfgm?nﬂ°’{‘hf“§e@ﬁﬁﬁ‘ﬂ?dﬁént FIG 20 shows
a possi bl e pat t erditdriaty @uléerds @ither thaaabletchomicdinditppeels effericypawhil be enpl oyed

with the enbodi nent 0 F an_enbodi nent of
t he i nventi on V\hecroset’l ﬁ&gm‘f@}:c lh%méoﬂic?rconﬁ%ammg er?glfg?m Fansducer 100 has an
addi tional structsap @r@@uaatgmgm-dartdohetelﬁeeammamayn@wpg@mgnest ructure 30 that

i ncl udes one or miaﬁveﬁﬁﬁhﬁ’é)a %%Feher%&ﬂ&%%ﬂ%ﬂré@ﬁs}%@e p whi ch proj ect

forward of the second surface e 23 of the diaphragm?21. As with the
enbodi ment's descri*l@l BipseE. t he transducer 15 includes a hi gh- ener gy
magnet array form ng 'ﬂxeﬁ&@ﬂﬁh&e@alﬁddaﬂﬁ&eﬂl{a@ce@ﬁroﬂéﬂtmwﬁ stadupl ed to the

nount i ng support str cer portions 30a
ond 300 sSabe t hervrah Pamd it R AR P GRBRm Phe  mgnet c
structure. The ditagivemyith fewermiagnely cayparedip the puicr prd rPubaytheiviher be separate,

attached structungs, a3 Qymamggm&@anaéa%mfb@w&pfa@&a%@ta:m Bting support 20
structure 30. The Tatera port structure 1s connected to and between the

lateral extr erre@WI%%@@WFWEB‘?‘@F‘BF%‘S%P“‘P%Efﬁ‘fl?nﬁ'ﬁs WEPYBrt structure
30a, 30b that ar @irive force across the diaphragm. This appears to be a superior approach to the

20 distribution of magnetic energy in the device; and this concomitant new
 distribution of magnetic structure provides greater open area in the cavities
between the magnets, which is acoustically advantageous, reduces inter-magnet
forces and keeps them from disturbing the structure of the transducer and tension
of the diaphragm, and provides better magnet volume to diaphragm area usage,
25 for more economical, but at the same time, smaller, higher-performance devices.
A practical guideline on spacing, is to provide about 1/2 or less of the
wavelength of the highest frequency sound wave to be produced by the
transducer. In practical terms, about 1/4 inch or less is a useful spacing distance
to avoid noticeable distortion for transducers reproducing frequencies of 20kHz
- 30 or greater. The above-suggested dimensions of adjacent magnets and/or adjacent
| conductors can minimize effects of un-driven portions of the diaphragm moving
differentially from those portions of the diaphragm controlled by the conductive

coil interacting with the strong magnetic force.
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outside of the lateral sides of the active region 25 of diaphragm 21. It
can also attach to substrate portion of the structure 30, if @iy dusch
extends outward beyond the spacer portions. This serves to coordi nate

wi th, and support the 25 transducer support structure to further brace it
agai nst the deform ng effect of magnetic attraction forces acting to try
to reduce the predeterm ned spaci ng distance 55 between the adjacent
magnets 35a, 35b, and 35c etc. and causing interference with the integrity
of nounting support structure 30 an% consistency in tensioning of the

di aphragm 21. 30 FI G EEmReHRe LLamgt 4rufes. thaforyrives e t4PmP&E uct ural  approach
which is to attalﬁdhwdilal’tragﬁsﬂaré‘s(l\?%mﬁ@dﬁ‘bmt!ﬁil&ﬁ&eﬁgn&tﬂtofadﬂﬁ;emntI ng support
stricture 30. The d. cov. r|n C e i s a curved plate
whi ch has open ar eﬁgso%efaceso %e%ggél%é%%%%‘gl’.’s emc%ivee%“eiwv\oﬁfnﬁl substantial ly
cover the second @um#gaﬁeresml@ed Hith the oudhr ppdweta dfithaidle hayigginefewerhe magneti c
structure 535 1S G Fohd el TAPS Beed it 20 ML HeloSROT L STTUCLur &

30 and the transducer is otherwise simlar to 15 and t hose
descri bed bef or e. Foprhe gagdnaint ff graximiziye ol s amhighst iptepsigrpogtionsos®e have acoustic
transparency. Agafiels inttii€enbodimee mt;rzumowsepdsﬁbw;ﬁmﬂmnﬂ& to resist bending

of the nounting st rcbjjg‘}vg es?il%icouldb ffmé’ glr Otthga(:ter%bc}dh%m% K h(rﬁgm fromharm 5
to some extent as | s’as a pro eril overing

structure 37 can Hurther be nade from a ferrous conposi tion which provi des
a degree fpf magneti ¢ bl @l themblisentito ibdith CiRfin g B | MPOT € Nt

particul arly when using the transducer 100 %% energy nmagnet
structure 35, cl cPé"’éaftn%i‘g‘??ﬁb'ﬁé%dP@hﬁopQasé’é?ﬁ’é‘i“?‘la(ﬁéwéﬁ%ﬁﬁﬁ pdtotiich as a vi deo 10
monitor. It has &hﬁﬁlm@&@ﬁbr&b&ﬁfré’ﬁ%abﬂcldd%n& SRRl 1fEE sippid stridiir USe of a

ferrous cover c i Jore into the plane of
the di aphragm ang ngw cggﬁ’ﬁlgg ?fg?élﬁfecf“ fa@?“‘%&gf’%‘%nal ef fici ency

i nprovenent in tW@phmmgdmwéxmeeﬁébdjmwhﬁgscmlmdﬁb@tht.ﬂ_&,nsdtldue | at eral support
structur@s36 of tifthacsGRRR Gl Bhgnerbta ﬁgﬁu%amg&acmq@eismml bit sone

shielding qualities, for examnp égc as a lattice work of steel
or other ferrous °Ated FOtbeBE’&Pttngiul’Eﬂ“S m?&&c@ﬂplﬁ%ﬂmzﬂ"ﬁwpm@ff a ferrous

material. In. anotpbﬁanseodmmm;mmhetmwﬁﬁé&%@g&ﬁd@fandaaﬂﬂﬁmﬁan be covered
by a wire nmesh havi hiel%nggﬁ%lgertlnes |ntlt;lte?tl)atter case, the
| ateral support ﬂ??‘f@‘f%’?"é"’% ¢ &1 PRy ngSpﬁerrPt‘.’)’?l'mf‘B?’yre 5%t eri al .

separate, attached structures as shown, or can be integrated into mounting support

20 structure 30. The lateral support structure is connected to and between the lateral
extremes of the spacing portions of mounting support structure 30a, 30b that are
outside of the lateral sides of the active region 25 of diaphragm 21. It can also
attach to substrate portion of the structure 30, if any, which extends outward
Bayond the spacer portions. This serves to coordinate with, and support the

25 transducer support structure to further brace it against the deforming effect of
magnetic attraction forces acting to try to reduce the predetermined spacing
distance 55 between the adjacent magnets 35a, 35b, and 35c¢ ,ete. and causing
interference with the integrity of mounting support structure 30 and consistency
in tensioning of the diaphragm 21. -

3 FIG. 16 shows another, though similar, structural approach which is to

' attach a rigid covering structure 37 to the mounting support structure 30. The
rigid covering structure is configured as a curved plate which has open areas 38
and closed areas 39. The cover would substantially cover the second surface side

22 of diaphragm 21. Apain, the magnetic structure 35 is mounted to the

30




20 These structures and conpositions, which have not been utilized as such

in prior art single ended planar-magnetic transducers, can be i rliy
significant in allowing the effective use of high energy neodyin?{)uh%@gsﬁet s

whi l e avoi ding the significant problens nentioned that can arise fromtheir
~application in devices of this type. 25 Referring nowto FIGs. 17a,b, other
i ssues related_to the diaphragm 21 nore specifically w.ll be discussed.
Along with the very critical paranmeter of diaphragmtension, another

di aphragm 21 issue, related to tension and drive force relates to the
behavi or of an un@PiuinssuREetLPEHsOFrblintrntdter i opavEpTRIy L T ween  t he
strongly driven cEdIsGhd HRe detigibedbeidB. BiRdovehiey sinfurd M abuldofcp@ient 2 la. This
30 undriven and/o terr‘ré. Qrati on ar.ea ?ﬂgb can bgu t.he SQuLce SPJ di stortion and
frequency respons& &Y "ARERRMY S& VLT feylscemié{%erﬁa? &d by the
increased drive beadisgof thamemtngatretiroiot h aopretet theidaghragingtomdaer gy neodym um

magnet s toﬁ a singlg.ended nlanan l@nelLc transducer. It can be even nore
particularly applicable to one operating down to a woofer range. It is

‘advant ageous in 31 22Thpgiid coerm strysurei3d sanitiieropieds framafaPyses to danp the
di aphragm by appl sp@itisn WlihGRNResAdegiRGhRin € khidiRigp TRgshigRlirg tinal 60 al ong at

| east a portion of the perjphery 2la and 1 of .t he.vibratable di aphragm
21. It can be pre'fee"F‘?:iﬂ?Pgﬂ BP%‘B%W ?ﬁ“gmﬁ'ﬁfé”fdg rfo8u‘¥l§im§he%fgy t he nost
central portion 2@gnsksirer tfcow trrhgedicallp sensitfyr eppms, sthhiayevidehe 5 di aphragm
It has begn found,lhgt n'h;samegfob&weﬁwwmeixm@ggmt RE B (ks the —anomalies

whi | e not causi ng an appreci abl e negdtive 1 np ue to Its additional
mass, when pl acedeodteasidpe thsmagnsds fsldmorestonsly inigbe piing phthedipptpea i ng conduct i ve

areas 26 and/ or Ol plodl affroridhelyOILBEIT RAdGibnal Siiidaly ilprgvals mdkd and 35e, on
each lateral side of the magnetic structure 35. One enbodi nent includes a

thin 10 viscous 'y material 60 which conprises a sol vent-based :

pol yur et hane conpounRketexigl té BIG. t50tht leraldpppinstagure Xlof ghickmbdvegnadt aphr agm can be
made of | yet hy : N\ didolahdBies @2 ei,ﬁ,cfmﬁ ganpi ng

mat eri al sgfhat ha%/aggsggglg&ﬁe%%%%ggﬁﬁbro er ltﬁ/es’o% E%mé)}fll nt er rglal danpi ng such

as pol yester (M| )aticeyss of siggl aiptisefengup petal (J6plbkpr asspaserd gt bapds adhesi ve t ape

having a viscous gdhasisiatedd i moteieyaifent B UMtewbRXior BadRhdtg coul d be used.
Tt eri al's coul d BEVERPY F FEPehE PG REr bl Pl AFCEPS o Rapt onTh
lateral support structure can be formed of a non-ferrous material.
20 These structures and compositions, which have not been utilized as such
' in prior art single ended planar-magnetic transducers, can be paﬁicularly
significant in allowing the effective use of high energy neodymium magnets
while avoiding the significant problems mentioned that car arise from their
application in devices of this type. '
25 Referring now to FIGs. 17a,b, other issues refated to the diaphragm 21
more specifically will be discussed. Along with the very critical parameter of
diaphragm tension, another diaphragm 21 issue, related to tension and drive force
relates to the behavior of an undriven portions around their periphery, between
the strongly drivén conductive region 26 and the termination point 21a. This
30 undriven and/or termination area 20b ¢an be the source of distortion and
- frequency response audio anomalies, particularly exacerbated by the increased
drive levels associated with introducing high energy neodymium magnets to a
single ended planar-magnetic transducer. It can be even more particularly

applicable to one operating down to a woofer range. It is advantageous in
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Wil e the diaphragm 21 nmass increase inpact of this danping approach does
not seemto unduly affect efficiency, the extra mass can contribufie2603 20
reduci ng the resonant frequency of a smaller planar-magnetic device,
allowing both nore extended response for a small size and allow ng greater
tensions for a given resonant frequency, which further reduces the
above-nentioned audio anomalies. It also allows the-wi der distribution of
magnets and greater undriven areas for greater output and |arger effective

densel y acoumil at BISHEEEE YoBURT o e EIPAND tSAPPIRe A agm cne. can
rat her easily enpmechaihl dymplegtresterial G@aleng a0 pbtapedionandthe pariplefy 2ldadpi ng mat eri al
for a given Speak@fb'ogtgémﬂrﬂ&léﬁ?a%ﬁgénﬁl. £ OIHRE Rkl BpRlidGhag the danping

material first just acent the outer termnation points of the 30

di aphr agm 21a ando%ide akthemasterfral noriopls WiYutEeconBieRT FElorsAdRE teowar ds t he
center of sthe di aiRiifgek ikt bdeR foldd@haPOWoiks ATy &t DphehRtnet s reach
dimnishing returns and start to unduly inpact e&ficLen "ﬁg@turning to

di scussi on of t he®™JPEFHYHGRT PR 3 PRIFCPHe Jegfigs BREEE 1§ MEfEte a di aphragm
21 with .a patter nmaasehed placeiohtsid of the patiohwChe dighimgghasing coducimde up of 32 22
July 2005 i ndivi J j i I ed on the film
surface. G oups o?g%hﬁggguc??%%ﬂg8ﬁ§¥&%gﬁ$ﬁéﬂ£é$ﬁ;3ﬁ§€%g?£§§bodinent coul d
al so be further loigelsifp ofihp magnefiesimatye 35 One ephodimest includme thifai rs, in each
group of fpur, bevigeRasmHifchatel cERBklcotitsds a lddRnibased fibrARmhRat each group of
four is spaced from each Oth§£1r5 %ggﬁéggﬁqp f fougxggns is associ ated
with, and cent er B BET 2pplipd fpfhe diaghra t mpﬁfﬂ%j‘h‘@f‘ cmleef fferent polarity
rel ati onshi p. Thepoiyathylénepldisia@f(PENY filna OdeREmus dinpinfimaterbbriduetd ve regi ons 26,
are adapted to be ] I i | source to
recei ve i ncom ng %ﬁ%&%&%?gﬁg%¥?ﬁ%ﬂ@g%%?%%*ﬁiggggggkgwﬁgggageneraI area of
attachnent and arweeldaispbq wellyiied, gugh asran phiesivie gape hping hsceps adbgsiveaf ea 25, not

di rfectlxtf)l iLsOddri vgem Me AnibRntGR Qe icM@qHe%&h.ogx_aw@gﬂqlgﬁg_oﬁm&er@grbodi rrysntsi |
preferably danped, a vi scous danpi ng nedi as, di scussed previously an
shown in Figs. 173 mitefﬁl.’o#"ﬁ@a ‘P“‘g@%rcf"g‘g%“&'i"ﬁ%f“r‘i_ #i conducti ve regions
26 whi ch are. at t g@lyeser (MylarT e Kiptagdtir agm 21, conprising PEN film by a

L8382 Ty S SRR A B Con b

does not seem to unduly affect efficiency, the extra mass can coniribute to

20 reducing the resonant frequency of a smaller planar-magnetic device, allowing
both more extended response for a small size and allowing greater tensions for a
given resonant frequency, which further reduces the above-mentioned audio
anomalies. It also allows the wider distribution of magnets and greater undriven
areas for greater output and larger effective diaphragm area without the prior art

25 requirement for closely spaced, densely accumulated magnets over the surface of
the diaphragm. .

One can rather easily empirically determine an optimal amount of
damping material for a given speaker-damping material combination by placing
the damping material first just adjacent the outer termination points of the

30 diaphragm 21a and after a trial in ¢ach case working inward towards the center of
the diaphragm 21 to the point where the benefits reach diminishing returns and
start to unduly impact efficiency.

Returning to discussion of the diaphragm itself, with reference to FIG. 20

a diaphragm 21 with a patterned coil including conductive regions 26 made up of
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used, and the diaphragmfilm but the conbination given has been found to
work well and serves as an exanpl e conbi nation. Turning now tﬁﬁ'@lf%o%& a
further advantage that can be gained in a single-ended planar-nagnhetic
transducer where high energy magnets are used is . 20 illustrated. A

vari abl e gap 31 between the nagnet 35 faces and the di aphragm 21 all ows
nor e di aphragm excursion. The di aphragm has a central region 20c i ncl uding
t he di aphragm regi on adjacent a central magnet 35a and lateral, that is to
say, laterally more renpte regions 2 |d that ar di stance away fromsaid
central region ZGEIV‘JFFllgﬁ’Hﬁ&H& flustive ryas £7 i digposg o 'E%‘%ﬁ‘d tent®Bhd | ateral
magnets 25 35b t hf ocugbtiucBizauds,234-27d) ig aratigrambydimeaiitouldalsode fiitsdr ance away from

said central nagnet. Th 1 j r nd the magnets
of the magnetic %Eﬁlﬁ%t%gpagmégwlgg%drgn g?’%’%syﬁg?a%%gﬁ@g%@?gﬁs rege?on 2 le of the
di aphr agm whi ch b3 abogduif the distenge Bt each group of foutis weped Eemmeaelgtherragnet 35a, t han

at the regote di aaamg@&pbffaﬁgh@@ﬁss&mdwedacaﬁe%edraoes,la;pmmgac@ﬂéer one or nore
| ateral, or nore renpte, 30 magnhets 35b and 35c. and/or, _35d and 35e. This
can take advant ageewsts of fifferpupolarypelgtionship; The nppiendsof 379 and2ymeofthe ne v brat abl e
di aphragm 21 exhicbid@ivemgins db, 3 hdnged® b eldctiicdllp eonfi@ R toah avddgigtid 21Cc t han at
all regions 21 d _away fromthe central, regio Lticula hi gh out puts
when reproduci ng S?uécv?}e&)rm?e?véhnﬁoenhmc,giagsm Wl% hﬁgrgn"%ln%%tzﬁléegg%egé lXe'&g?gfdi aphragm 33
22 July 2005 nowavkmansand wieg b isitiesutenpontipnd the pativdpaes 2haetdirtcduind t hat one can

constructgnor e efdﬁ%fb% M€ cITRRAR tdgfon CRN RIS MGmb QMR Srdii ythseli portions of
t he transducer w .t hou reachi ng di aphragm excursion |imts. This assists

i n obtai ni ng t he Y avigrars Wueipgpedumeas dispsssdpreviqustyapdshpwmip Figs- Bor tion. 5 FIG 19
illustrates anot haf17enbodi nrent shows an additi onal and conpati bl e approach
- wherein the pl anar- net,i c transducer 100 conprj.Ses | t one thin
filmvibratable di agﬁg‘é&oﬁ%cﬂpﬂ\?ﬁsgﬁmgm?foﬁs cg’éaﬂetgfoascig %c&%%ﬁchﬁ%@ a second
surface side 22, tiedgblueim?], camprisog BEN film, byadtrosclinking palyaggk adhes®. A nmagneti c

structurqs35 i ncloygd} Qoudr hARARIE cah BE GEGRAGLS iRlhe HEERR AR iGONPar ati vel y more
10 powerful magnets 35a, 5¢c and additional magnets 35d and 35e of

35b, 3 di t
less energy is [reéandibediapheeqfilm, byt fhe combmation givendias beehfpwd tyeagnet s can be
of alternating peleRidisitves addhi@tmbldContbia@art structure is of a ferrous netal

It provides a flux r ellurl'rlxlixlgn “%OQ'IG. 18, a further advantage that can be gained in a

single-ended planar-magnetic transducer where high energy magnets are used is.

20 illustrated. A variable gap 31 between the magnet 35 faces and the diaphragm 21
allows more diaphragm excursion. The diaphragm has a central region 20c
including the diaphragm region adjacent a central magnet 35a and lateral, that is
to say, laterally more remote regions 21d that are a distance away from said
central region 20c. The magnetic structure 35 has adjacent and lateral magnets

25 35b through 35e that are adjacent and more distance away from said central
magnet 35a. The gap 31 between the diaphragm and the magnets of the magnetic
structure 35 is gréater at the central region 21¢ of the diaphragm which is
positioned over at least one central magnet 35a, than at the remote diaphragm
regions 21d which are positioned over one or more lateral, or more remote,

30 magnets 35b and 35¢ and/or 354 and 35e.

| This can take advantage of the fact that during its active state the

vibratable diaphragm 21 exhibits more displacement in the central region 21c
than at all regions 2 1d away from the central region particularly at high outputs

when reproducing lower frequencies which demand the greatest diaphragm
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bet ween the magnets and nore energy of the magnetic structure 35 is nmade 15
avai l abl e than would be the case if all were of the sane polafigﬁﬂ ﬂﬂg
magneti c structure 35 has five adjacent rows of nmagnets 35a-e, th

| east an outer two rows of the nmagnets 35d and 35e bei ng of Iomer total
energy, by reason of being smaller, particularly, by being | ess deep, or by
reason of being of |ess energy denS|ty The outer rows -thus provide |ess
magnetic field 20 strength than provided by a center row of the magnets
35a. This concept can be quite valuable when optim zing high energy, i.e.

greater than 25 rrmemmlvﬁ&lmmﬂmalt%wérﬁbﬁaﬂl%npéa@aﬁmm&et' ¢ transducer,
in that the conflggratl on can rovi d@Fsurprl Si t%ﬁy nore gain in efficiency

for a given incr eSS Ragnely seupling towads e puter Perfioas ot Spnsiuseradthont t ed, Nor mal |y,
it is understood tehring dilpjirapm excersien linges.t Ths abts i@ Rl the RRLY @ytall N all the

magnets in a tranggdiG&ra: Y cedh db increase in efficiency will be
provided. It has been fa(t)unc vﬁ?ﬁmg’ ust the central nagnet 35a is doubled

in energy ievel, a thF‘@e‘%l@Sﬁeﬁqﬂ@th@emWWIsmgiadéttiraralahd able in a single-

ended pl anar - mgr@%&bka@%&%%mmlm hoen@il} vhilGlcG A6 coRh s?gl,l,y 20% of the
total rmagnetic ene%gg/%%g”ess han half the theoretica pr edi ct ed

anount, to achi eV ibretehle dipp W%lﬂlgﬁévt%“ﬁ@Fg%ﬁszéaﬂd’Phl s is found to
be the case when moudbiuifigsitde, mdlrﬁggeiarb@tedﬁmm&tyeﬁglﬁh fsoneRgfic a central

e o bk AL Hleay BRIDG Gechl it el || O250 L0

central - nost magne A 1on cones Bi%9ty to easily
doubl e melfnet i c frowerful ppantss 3§Psé'ﬁ'1, 3fsiandnddinenigyegrtghidnd 35e0blbi ned wWith the
greater responsi V@epPibprhiidey, Of the central -nost area of the 34 22 July 2005
di aphragm conpared to the outernpst, nore excursion-constrai ned areas.
Therefore, by organi ZAWYBEiRENFRsEPRImepts themagaets gpn Beofglcaainggplaity t he cent er
magnet 35a and hukdnlﬂ@sdpmuﬁ:ﬂﬁlggfalfd&oﬁseﬂb&lggbﬂ@sDﬂkb(\wrﬁlpitlpward t he

out er nost nmagnet 5 use tic.energy is
provi ded. This c}ﬁwa ?ﬂﬁéargdo“%otreeng tﬂ} ﬁ‘é%gfﬁ'g‘%‘grﬁés%@ less for a given
acoustic ¥Bffici er@@fylablﬂh@‘@hlébethw@Sell@llwmef@wcmw h the variable gap 31

approach di scussed abﬁ\!ﬁmgn?tﬂ'st?uc?ﬂ@'fﬂhﬂ@@vgddﬁLth sro? Hnlds HRRIAACH can, of
course, be used with different nbi nations o ree or nore magnets, and

can be distribut é&‘#ﬂﬁﬂ@ﬁ?ﬁt‘we‘”%%magnﬁé?ﬁé%b@lgofhwwl| | | ustrat ed
enbodi ment the tremgdma&oha%ee@andua- @ﬁﬁﬁlh@wﬂfémé@ssﬂ&p PR redsdtSt the

_ out er nost magnet S A | 0ples”erss ener nt magnet s 35a-c
bei ng of h| gher ShEFSgTIess fitey - ﬂ%@ﬂtg'irgw%‘éﬁng’ 'ﬁ"e‘ﬁ%@‘a teigider

strength than prowded by a center row of the magnets 35a. This concept can be
quite valuable when optimizing high energy, i.e. greater than 25 mGO, magnets
in a single-ended planar-magnetic transducer, in that the configuration can
provide surprisingly more gain in efficiency for a given increase in magnetic
material than what is expected. Normally, it is understood that, by increasing the

.25 magnetic energy in all the magnets in a transducer by 41% a 3 db increase in
efficiency will be provided. It has been found, when just the central magnet 35a
is doubled in encrgy level, a three db efficiency increase is available in a single-
ended planar-magnetic transducer. This is an increase of only 20% of the total
magnetic energy, or less than half the theoretically predicted amounf, to achieve

30 _ this level of efficiency increase. This is found to be the case when doubling the
' magnetic density and force of a central magnet when using a high energy

magnetic structure for at least the central-most magnet. The explanation comes
from the ability to easily double magnetic force with small high energy magnets

combined with the greater responsive mobility of the central-most area of the
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energy. Wth reference to FIGs. 18, 19, and 21, the concept can be applied
in other conbinations wherein all magnets other than the cent et
35a can be of less energy according to sonme function of fall i#?ug’%gy

wi th distance from 15 the central -nost region of the transducer. An exanple
is the conbination of the concepts illustrated in FIGS. 18 and 19, as
shown in FIG--21. A falling magnetic force is utilized wth greater

| ateral distances fromthe central -nbst magnet 35a, and also a closer _
di aphragmto magnet gap 31 is utilized at greater lateral distances from

the central - nost mazsﬁmﬁgaeﬂ} | SuGal B ACERIPLI SRR a0 nunber of vays,
| e;lgsyl g hig

sone of which are: h ener gy, neodym um nmagnets in the central
portion and | ower ThersregRy orgapjrieg the magpriip loges torbe greqtestin fha epAteE Bagneit t he out er

regi ons;\Miqil) usi ngahﬁmgla{glamlé%mmﬁaf &wfmtamrt%umwﬁgne&n the central
regi on ile usi S er and/or shal |l ower ts in the outer regions,
with those in th%ga‘t?trgg‘?’"’Pé"@i‘8%°f§ﬁé"8%°oeﬂ?fﬁyd§%f?vq@8nﬁ?fe“’mrﬁa‘ﬁFi‘F &M 21 iii) or
sonme conbimati on affthe madgnets hodbe lemsdorapperorahtrsficdhdye Amblso)ids y, al t hough t he
econom cal gains - . t ; oncept can be

i npl ement ed by pr%\aﬁ( |%%“ﬂﬁger‘%ﬁgﬁ%}%fgt@g&%ﬁs&ﬁd%%gr uns 27 between central
rows of magnets (i.e.Thixypmingd¢ld smegpthpphroaghein,ofepyrse bpmsedwifndifferenins  coul d be

pl aced between oWoRbindiBislbof 8RO ord bEets! d 6 BAifritll-SAlBfoud Wiyees in the 30
center and | ower forces towards the outside. Ih

i s. concept, of varying the
ef fective magneti'¢* £ iy LR SRRt s ?ﬁfqoﬁ%“n’?eﬁ‘?‘@ﬁ‘ﬁ?%g concept s of
varying tie fi el Gsostiarj@nté sutearndt mgnessareof Ry ehidfgy, fyeepaipladi cedtance as descri bed,
to optimze performange, be?:? ofg%gr%kéf%z%(a%uter-&%gr{egagaerb%%ﬁfl&w%?r €asing
magnetic energy in-thé centfal ‘area Uf reglon”an decr asi ng gap distance
bet ween t he magnengsiantthirdeends ta Biisal§no2and 3k, the pracepiparebe aprliehinat abl e di aphr agm

21 areas or regi QR &ABindkbR\Whetein APhAnACANShinGR! certrhifnlagheee Yan be DOt h I n terns
of energy use, ang in cost of manufacture, for a gj v&n out put. 5 Moreover,
even optimizing fOSFSEAERYagsque iR incgen of e tregy ¥tth &skBesf@™ ure, with high
ener gy megnets antk dedal-mestgin of hasinghateat Ardmanll isheesedatabente, one can
provi de perform e Vi ks I naghi ev ] a_equal magnetics
all across the {yr&%‘rfflstscfﬁ%{em%d%ﬁg‘%?%iégb%%gﬁ?ﬁngg'?égzﬁgﬁ%mg\%%fh this concept
utilizing high derevigytiliped il greatesfategt disianess frot fha c@Balmodmagndt 3duen pref erabl y
g][ eater than |10 3RO 2 3MseN i prraBiR RIeFAHEN) FBL LS af SealePltetiPer i Or than t hat
of prior single-

distances from the central-most magnet 35a. This can be accomplished a

20 number of ways, some of which are: i} using high energy, neodymium magnets in
the central portion and lower energy magnets, such as ferrite magnets, at the outer
regions; ii) using larger and/or deeper high energy magnets in the central region
while using smaller and/or shallower magnets in the outer regions, with those in
the outer region spaced closer to the diaphragm 21; iii) or some combination of

25 the two approaches.

Alternatively, although the economical gains may not be as advantageous,

the concept can be implemented by providing more elongated conductive runs 27
between central rows of magnets (i.e. more coil turns} and less conductive runs
could be placed between outer most magnef rows to create greater forces in the

30 center and lower forces towards the outside. This concept of varying the

effective magnetic coupling can be combined with the foregoing concepts of

varying the field strength and of varying the gap31 distance as described, to

optimize performance,
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ended pl anar-nmagnetic transducers. Wth reference to FIG 26, when appl ying
~high energy magnetics to a single ended planar-magnetic transducer_it has
been found by the inventors that a different magnetic design gﬁﬁf t han
is taught in the prior art can be quite 15 advantageous. This unique design
approach is illustrated in figure 21 wherein a planar-nmagnetic transducer
100 conprizsing.at least one thin filmvibratable diaphragm?2l, with a
first surface side 22 and a second surface side 23, includes a
predeterm ned active region 25 and the active region including

predeterm ned conductrsYeersb!idcRSfhgth SRR Ay iRthe SRIBY SEd dr Rfiodhdl NPUL _
el ectrical signal ,into a 20 correspondi ng acousti c output. The conductive

surface areas 26 THEPTEERGtRE BHYyR Lo REH thg diaghuaem 2! e opfern ng
substantial |y in yibatatld dedphrddnt 11 aead ol regibgeed Hovidd haretadvigio kEfidaey, A nount i ng

support structur Q |s coupl to.th gnet i structure 35 and the

di aphragm 21 to g?aop %#egnstogeélerﬁf%%ﬁgda"éﬁ%%ﬂ?ol d “f?lgifﬂraflvg'borugjagt erm ned state of
t ensi on arfd spaceMpreovay evor eptimizieg for theldastinwtm nlaglst cobregpendifis, A% nagneti c
structure 35 adj aggither) eapfhs ahd1Be EMEd BfiietidiSaiscRisedlahve,ohd dh di aphragm  The
magnetic structure 35 includes at | east three high energy, elongated magnet
rows 35a, 35b, anﬂo‘ﬁg(??rﬁﬁ?a&ﬁeéﬁelé&f“é@%‘%ch&ﬁ@l%éF‘&Wt“?ﬂé'reg sharallel to each
other wth each smgetiaiiticen gha, theoritiabtackiBR Wl thid estadpt ytiligihe gr eat er than 25
eodyr um 30 1 r o B AR GHEP oF B o P Sty #E PR roduci ng &
magnetic el d. Theut Abubd.inegysiup pogtets stirgwennr thaBBst of grier stigephr agm 21 and t he
at |east three nBGAGtSrBhonkReaBGREti c structure 35 are cooperatively
configured and posifti pnedgi n predeterm ned spaced apart rel ationships. At
|l east two of said hi gt efEpg e Heghdatben walyRghighiresEmengicsydsi ti oned in a
predet erm ned spaeRReaiedflinardfagotic tirkdyice? ) B bech Bluid Uy@RSAEdorSBatwher ei n

adj acent pol es of . the ad]acent magnets have ngn-shared, | ocalized magnetic
| oops 40 repr esenlttéer nbvql%‘é ef‘glf%g‘%acgli%‘fﬁ%‘é%te'f'gvpﬂ%ﬂ??ﬁbei@“fn a pl ane of
the di aphtSagm 21 adirnetrosr Ehis egpedsignappryact sdistated ikigure ahvlerveragy | evel a
shared energy m)ﬂlﬁﬁ'—rgagneﬁétaﬂsdgéphb@dmpﬂﬁé%ag{gg%g]pﬁa{n\r’]ﬁﬁpibltaaﬁe adj acent pol es

and 5 extendi ng along a shared magnetic p e respective adjacent
poles in the pl difehegm 3 hwithy b fyiac sido22 andrynscond airfee sidedinistlydes & r ansducer 100
i's operable as a pratergined Rideddionboiad the BRAGNSLidGndudRARHedklized| t 1S found by

the inventors t ha(':tc)nduc %tl; seu ace rléa{s gg fo?'(l:’oglve ] ggnaxﬂiug&e%&% Isi(g:ual into a

D

20 corresponding acoustic output. The conductive surface areas 26 including
elongate conductive paths 27 running substantially in parallel with said magnets
35a through 35e. A mounting support structure 30 is coupled to the magnetic
structure 35 and the diaphragm 21 to capture the diaphragm, hold itina
predetermined state of tension and space it at predetermined distance 31 from the

25 magnetic structure 35 adjacent one of the surface sides of the film diaphragm.

The magnetic structure 35 includes at least three high energy, elongated magnet

rows 35a, 35b, and 35¢, placed adjacent and substantially parallel to each other

with each magnet having a material energy density of greater than 25 mega Gauss

Qersteds and more preferably greater than 34 mGO and comprising neodymium
30 iron or another material of like capability in producing a magnetic field. |

The mounting support strucfure 30, the diaphragm 21 and the at least
three magnets of the magnetic structure 35 are cooperatively configured and
positioned in predetermined spaced apart relationships. At least two of said high-

energy magnets being adjacently positioned in a predetermined spaced-apart
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| oudspeakers have taught the placing of the nmagnets very close together to
10 achieve a maxim zed shared |oop (see 81 in FIG 2) this practjce_can be
substantially inproved upon when adopting a proper use of hig >
magnets in accordance with the invention. In spacing the rows of nmagnets
in the invention so that the field strength applied at the di aphragm by
the | ocal .| opps above each nmagnet is of greater magnetic energy than the
shared | oop centered between the 15 two hi gh-energy magnets, a nunber of
advantages are derived. First, a distributed field allows the use of fewer

magnets whil e achigiig, m@mlﬂh@@%polawﬁé&ﬁcehmgneh%em&i Rl L. The

~distribution of the conductive funs on th ragm 21 can be distributed
nore ef fectively ltrlipd (rasneticdeort A9 eprraqned by lagablgop ﬁWG’éFf%l“ﬁﬁméﬁ’srléct drive of

the di aphragm at § jlshe pthd\iaph:egat Arvibith e tedRaRelY E.eatezﬁmmgwysevaa Thi's
redi stribution of th conductl,lge runs tive areas 26 on

di aphragm 21 al | oi}\'/se PRV BFET @ 4aTp é%lé’ﬁ%té’“}’%weef'flﬂ fn??(’leﬁfmdt he conductive
regi on/ ar éas 26 wxichéngdlappa silaxsdmagbclmlomgofuﬂaeespjapmvvedjéfcwwswhmr e effectively

drive the activey £n‘39ft9erh1aﬁaers d'ﬁPﬁlErﬁHﬂ#ﬁ ctrf@c!uca‘}“iéo%ogér?ﬁegésﬁ ended

pl anar - magnetic ds nown to the 1nventors t unction in a
reasonabl e mannersitg eg plagpe@apnetis tpAsdugdisi gned i n an al nobst opposite manner

fromthis nethod of R RIfbuAA Byahd iBnte N HatWheread Pridy arfpi@semigh@ioet to magnet

spacing to maxi mze t ield rength a fthe ¢ maxi ma 71 and
concentrate the c8 pe%]?eﬁ@%"§%ﬂ'ﬁ‘g?‘%pla°ﬁéf crql%{‘,etstv(ﬁry ﬁf"ﬁsmge'g?%’and 23, The

di fferenthapproacdamb\@amgmeedsbardn@pgye81deGr2)lﬂustgmnpecarbe be seen in the
magneti ¢ force di ghdhil] nw%u% n PR P RSYRH b o e B ggp% 15 CI T CUI t

anal ysis software from An or pri art magnet ment schene

(FIG 22) rel ati vigaqeerdanprovitdheerentien. flﬁﬁpé%ngdh@?WﬁOBEF&nﬁﬁmﬂ‘FF%?nﬁ@‘ from

i nventive pl acem%at&m%@a%ﬁmﬁmapm@sl,uﬁabdasxwpeab@@e@h 23) . Shown in

FIG 22 is a graphical .re resenIatlortlﬁﬁ(l)tfh %1? net i fleld 60 between two
& “’%"? “‘H%‘

. magnets when corffEBUFE PR & oY | ¥PEi%€al val ues in
Tesl as and t he SRwaRxghledex;gy&@@&s a hvowibieizod advardtagesaakedesveil. rFufstr:actl ons of an inch.

In this case wt Hﬁﬂ@’qﬁ 2 o / bet ween t he
two rows of nagngl%b}le‘ieé%d%lﬁgn 81% hgg{%hlm#g%“gﬂm%g!gnet) it can be
clearly seen t hatouphte tharsthepnegart EWEWW@FQW%@WCWEWHW% maxi mum val ue of

about. 017 Testa Qﬁapﬂ:?@n%&dﬁsﬂﬁﬁte@%@éﬁeéﬁ%lﬁ%ﬁévk&bs'c@ndﬁ&véﬁﬁ S di aphragm
conductors centered hetween, th@gr@g ets n t he gg\e of the di aphragm It
can be seen that FFECTRELRREivgP WFW FEE ¢ he | ocal

20 magnets 35. This redistribution of the conductwe runs 27 of the conductive areas

26 on diaphragm 21 allows a favorable impedance for the total of the conductive
region/areas 26 while also distributing the drive force to more effectively drive
the active region 25 of diaphragm 21. For prior single-ended planar-magnetic
loudspeakers known to the inventors to function in a reasonable manner they

25 need to be designed in an almost opposite manner from this method of
optimization and use very close magnet fo magnet spacing 10 maximize the
shared field strength a the center maxima 71 and concentrate the coil traces there.

Referring to FIGs. 22 and 23, The different approach to magnetic energy

distribution can be seen in the magnetic force distribution plot (using Maxwell

30 magnetic circuit analysis software from AnSoft) for a prior art magnet placement
scheme (FIG. 22) relative to the magnetic force distribution arising from
inventive placement in accordance with this disclosure (FIG. 23). Shown in FIG.
22 is a graphical representation of the magnetic field 60 between two magnets

when configured as in the prior art with the vertical values in Teslas and the
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| oop energy nmaxi muns 62a and 62b- over the inner edge of the magnets is nuch
| oner at.0047 Testa or about 47 gauss. In a typical prior art
~configuration, depending on the type of ferrite magnet used,%%@%%Z%ﬁergy
| evel s woul d generally 10 vary fromless than 150 to about 900 gauss. Shown
in FIG 23 is a graphical representation of the magnetic field 80 between
‘two magnets caonfigured in accordance with this disclosure, with the
vertical values in Teslas and the horizontal values in fractions of an
inch. Inthis case, with a lateral spacing of one hundred and ei ghty-eight

t housandt hs of arhoﬂ.&naamiaeslu?&a@ﬁoaioﬂ@ﬂchb%tﬂ@%e\m%moﬁsm&f magnets (the
sane as the width of t he net) it can be clearly seen that the

"shar ed- | oop" endPdh }a@’%ﬂap eeithe v rois AEmagagiflepsduen g thdibe widly  apout . 325
Testa or 3250 gawmmhgne@ﬁeﬂaeeaaﬂgnsesmthe}wa:waaipi'@erg)a;seaasuhssaqun te broad and

the | ocal |oop en t .nper edge of the
magnets is much grrgaé{g%mq’%?&gb”gbﬁ%%%éb%@ﬂssss ]:age?vlalpiu Erat es 20 the

i nvent i ve Sconceptdiapbyhgmxtonduiters progteteth betweemtis manets ondlggrplane dfthean ar r angenent t hat
facilitates nmuch c@fB@éﬁ?ﬁtéa%e%éeﬁhna&ﬁk%&)éa}erﬁﬁlé%er”AY%ttﬁll&cEle pl ane of the
di aphragm 21 and Wlt ch greater force. This 'ows fewer magnets with
greater spacing d?ﬂﬂe?ﬁ‘%’\ﬁ%mhﬁzﬁﬁdézwgﬁhedﬂeﬁf@gﬂc%‘hfﬁ'égnﬁff'aﬁﬁ?hagm 21 across
its surface and Lok mm&lﬂﬁfabduf«ﬁ(‘g&&s (Iﬁ@tybacdlpwom&)m@@gﬁmmgnet The

i nvention al so 25 de ) aeg%mt ter ortio % 'Qg driving force to
the di aphragm 2 [SSHIRER TeNERL 19 é‘?eflo ?‘T’\‘%Tg gRErLee e, by

conduct orl0pl acens’nwﬁom1es¢thanflﬁthboutt9hfbgadasaphragm 21 can be | oaded by the
magnets over a w der ion only drives
the T11m di aphr agm 2 e F . S0 Sl rpRiiondl b MM SIS O T Bul | tho
di aphragm 21 al org?ﬁ"“’ﬁf‘éé‘%‘? W@Pcﬂﬁg%‘i‘ A pesordapes withys %lf’ﬂ“éf'gwéftt&e where there is
no conductor tr aGewrical itus ifP@RSant B herREHME Vduettl ShctiB of MARE.EH dfd Oser -t oget her .
It was the inventor artu rior

| izatiop O fr
cont gurati on. i n BB ARCTbRAERTorE Sk 2K eH R PRPSptaBs, *that enabl ed
pur sui ng 1Aovel dewhgtteradgapémdcmﬂnsmiomomcotmglmmsametahhetmtsoﬂhcscl osure that
can have a furt %éﬁ&)%ﬁﬁ}ecl@a@iyl%é@x?thﬁfﬂie'“s%hr@cpﬁgp"QJe¥gE(ﬂ€?%§f RORduger. 38 22 July

2005 Wth reference’agaln vantage of this

met hod of magnet /a&‘b‘ﬁﬁmt‘*!"ﬁ pEabat 425 Treda 5133 0eeasn 11t cambe Sﬁqﬂé‘}atfhfl Y5t act i on

optim zation is theis qii@bkbhd an@he RS lobilentBEm i@k 82400 @6 et inve forces bet ween
the magnets 35a throygh. 35e that can caus Egto{)acti ci_rﬂgmtuhat distort the

mountin g support nglf:r e Elii,h%m%etsalﬁlauc greater at auss. strates
20

the inventive concepts of utilizing the neodymium magnet in an arrangement that

facilitates much broader lateral energy interaction with the plane of the
diaphragm 21 and with much greater force. This allows fewer magnets with
greater spacing and 'provides a more even drive to the diaphragm 21 across its
surface and more room for traces {coil turns} per magnet. The invention also

25 provides a much greater portion of the driving force to the diaphragm 2 1at
locations more overtop the maggets; where, by conductor placement on the film,

_the diaphragm 21 can be loaded by the magnets over a wider area. Whereas the

prior art configuration only drives the filtn diaphragm 21 at the points between
the magnets, and must pull the diaphragm 21 along passively at points over the

30 magnets where there is no conductor trace. This means the magnets must be
spaced closer together. It was the inventor's realization of departure from this
prior configuration in combination with use of high energy magnets, that enabled
pursuing novel design directions in accordance with this disclosure that can have

a further impact on the efficiency of the transducer.
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5 interfere wth the calibration of the critical tensioning of the

di aphragm 21 as expl ai ned above. The approach, along with brai%ﬁgy%&%

ot her structural approaches nentioned previously, also eases

difficulty of maintaining reliability of attachnent of the magnets 35a

t hrough 35e to the nounting support structure 30. The proper spacing to
enhance the lacal, | oop energy near each 10 nagnet, rather than enhance the
shared | oop energy centered between each pair of magnets, reduces the
probl ematic interactive forces between the magnets and creates a nore

reliable, extended |i fvahcfRne%ghRBFIGTHY, Sstill @lrhdRivhdticy caBlVAREATEe conbi ned
with the perfornmance aﬁva ta&gs. grovi de ﬁﬁ 'igni fi cant , advancenent in the
state of the art Bfo&KgrucrAdEye iR} an g‘% Eregior RITETHBREPs. Transducers

in 15 accordance miultiof dadiigshecirang intgagtive fradek etwetdtbe magheisatioogh of hi gh ener gy
neodym um magnet 35 g, { AUk Ei&?&%%nq{e%‘s@@%%ﬁw%ﬁs‘%c :@36‘&(1""' th themif
tht r nti gur

install in accordance w the prior art cor atlon di scussed herein.
In the exehpl ary prdnnvithikegriibration of g préigal travionipg of thetdiaghpemidrgy magnet s 35
have respective |Qg@hedapdp ERAPHOHASA Wt BReingddDESRY Srubt@ NMBj ority of | ocal

| oop 20 energy naxi in th | .an f the diaphragm 21 have an average
val ue which is grB&P¥ esf“ﬁ‘ﬁﬂ“egﬁgﬂﬁ‘@g Beﬁf%?lt‘l?é‘f@g%ﬁg]f’ﬂ?mi“&vel s at the

- central such as acl@abilitypidttachipas bfitheoimpnet 3Bahrasph RSecothe maptpdippet ad] acent pol es
-of the adjacent : I [ val ues for this
”s%géﬂﬁés%. %Ee}éogag c%g?)g?he Wi ca‘?[o‘éeésngr NeBY

optim zati on can expres rred va erern the shared
energy mad¥i ma cerfagneddatier than ephnggthe pigred bopyeresgipeenterad hetivern ea¢h painofnet s 35a and

35b is no great ermdghaire@QesRR proSiBhatl fntetddfre kREAetwebARANBRRHY MaXi MR 78
nearer each magnet 35a andvag b. Still. further alglhilf!St ments to nmagnet and

field placement CEACHEYTARGSHRALIES syske Thsplpltyatad®s naxima is no
greater than 75 combifidpéh thepdrfodfandeadvalkt@egirovide ofigrifia giyanceiiine. 30 Thi s

af fect can be defy i I oy i bet ween the | ocal
| oop ener gy mnaxi %&%gioﬁ@g{@éBf%?&g%&%ﬂg'ﬂ%%gﬁg{pg&%ggﬁaﬁﬁc%ﬁ IS
appr oxi neel y equigdordense withstis dipcdpsirelog iths intparséonioBhighesnereyt deedymivmr espondi ng

adj acent  MAGNet SnodRfcsWikorBEndar: Bra ARRLAEY LR RALIEARR @RI M zation of this

effect is wherein the predeterm ned distance between the |ocal |oop energy
maxi ma 38 for 39 29rdgnse yiduthrpsior at gpnfigwnfion digrussedhereins ot | east seventy five
t housandt hs of an i ndhthe Slefifliry plptat-fhgaétic traRdcd 00 Higttenafyf Baphetd 35 Wherein the

predet erm ned di %5,%@,%8&&%&0% ?ogp gnre]r%y maxima 38, wherein the majority of local loop

20 energy maxima in the plane of the diaphragm 21 have an average value which is
greater than an average value of energy levels at the central such as a central
position 76 between corresponding adjacent poles of the adjacent magnets 352
and 35b. Some preferred values for this optimization can be expressed as
preferred values wherein the shared energy maxima centered at a point 76

25 between a pair of magnets 35a and 35b is no greater than 90 percent of the local
loop energy maxima 78 nearer each magnet 35a and 35b, Stilt further
adjustments to magnet and field placement can be achieved wherein the shared
energy maxima is no greater than 75 or 80 percent of the local loop energy
maxima,

KL This affect can be defined wherein a predetermined distance between the
local loop energy maxima points 78 for adjacent magnets 35a and 35b is
approximately equal to a separation distance between the corresponding adjacent
magnets 35a and 35b. In another embodiment opiimization of this effect is

wherein the predetermined distance between the local loop energy maxima 38 for
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| ocal | oop energy maxi ma 38 for adjacent magnets is at |east ninety

t housandths of an inch and at | east one hundred and twenty fi)e

t housandt hs of an inch. 5 Another enbodi ment of this inventivéﬁ%gwﬁgﬁp is
defined wherein the predeterm ned distance between the |ocal | oop energy
maxima 38 is at |least 100 percent of the width 35w of one of the nmagnets
35a. Anot her . enbodi nent of this inventive concept is defined wherein the
predet ermi ned spaced apart rel ationship di stance between any two of the at
| east 10 three adjacent, high-energy magnets is at |east seventy five

Ej_housandt hs of danadjdaﬁlhmgh;élsﬁ_ﬁtﬂ@stﬁ:!@&nfyﬁf%ﬁ&;sﬁﬁﬁ@@aﬂﬁm.SthKehﬁ pr edft erm nﬁd

i stance spaced apart .relati i etween any two of the at |east three
adj acent, high engp?wa%bﬁasse%nﬁgwg?ﬂ%%@?d&ﬁﬁ%?%W%‘lf&‘&f‘f&l‘%s of an inch or
even at | east onelomhhqtrmtgsama_imiaﬁﬁfoya@e;chmmwadit htdea@ hinetnthowaahths 15 | n one
enbodi nent at |ea%mhﬁfﬁga%t%%mcfmdgﬁcﬂ@énwgﬁXﬁ%&p&taﬁingfve common

di mensi ons_and the predeterm ned di stance "spaced apart relationship

t her e- bet ween i s Arothepsbpdigensofifiy ipveptiyecopegtihdefed yhereinte t he adj acent

magnets.  Furt her pofieiniied akhiRObeBFEROEY 15BNbP efdd) rRRIMINEL S 10stibe sane type of
spacing is at |east sgt}{ené% ﬂ‘grfcen of the. wdth of one of the nagnets or
at |east 100 per cBFEX8he WEh SReolgrapi e Bienghd’2of the nmagnets. For best

per f or mance when opt i fmatiengnbbdimengofaiad imventivocatepl iodefincdnbiergiiythe it i s general ly
desirable to al so - Lve.ar i.Si0 on ed conductive
pat hs 27, whet herp@%%eg%a%?%gﬁ&gb%gm rl%aﬁge%géw%‘% rrgrﬁ{é(fat@%[ positioned so
as to tak¥® maxi mifHeaddipegat higeengRy mpgaety ipatdgast eyenty fivastiovsandths efaone enbodi ment 25

they can be cent en@dW8E prbfifed bitodinehtORDFedbOmiddR Nk ik le: f Or ce
engagenment wth the magneti ¢ structure 35. The

netic fields fromthe nagn

inventors have fo‘iﬁlﬁtﬁ’nﬁ G any 'gﬁb‘{j"gﬁaﬂﬁ"sﬁt'ﬂ)‘&%ﬂdja?eﬂ‘olﬂgbcfﬁffgwaﬁ&?ﬁ on, as
conpared w th shais e&dkadt sioggthoddidad an inthloecved 4t ad ont@uddred Agiditger can be nmade
that is smaller por art known to the inventors, in that it can
have strong 30 au%‘lﬂ%g%%{])gﬁr{)&é&bm to a | ow audi o frequency range while

havi ng th¥ active dilaprrealedimantyt lspst tige ddcdniabigtnencrsy megnets hase vi br at abl e ar ea
of less than one QA GlensiBRUnd thd frofletfiihed BstinbsPRS apdibisich@lpds at even
substantially | ess than one hundred an g,uare inches in sone

d fifty s
enbodi nents. ~ Wher@5kbetwsen it least prahalf the wid(h of qgp ﬁtyﬁ*éfr"’-lﬁ%’g‘ﬁé‘ﬁqe@ | oudspeakers have
general | y been mRuhhegopifuizetion embodim@gd vamb widfdin 22 sahl type 30PRing is at
least seventy percent of the width of one of the magnets or at least 100 percent of
20 the width of one of the magnets.

For best performance when optimizing for greater local loop energy, it is
generally desirable to also have the conductive area comprising elongated
conductive paths 27, whether singular or in group runs of 2 or more, to positioned
50 as to take maximum advantage of the local loop maxima. in one embodiment

25 they can be centered over the focal loops for maximum field force engagement
with the magnetic fields from the magnetic structure 35.

The inventors have found that when applying local loop optimization, as
compared with shared loops, an even more effective transducer can be made that
is smaller than the prior art known to the inventors, in that it can have strong

30 audio output down fo a low audio frequency range while having the active
. diaphragm region 25 having an effective vibratable area of less than one hundred
and fifty square inches. This holds at even substantiafly less than one hundred
and fifty square inches in some embodiments. Whereas, prior single-ended

planar-magnetic loudspeakers have generally been much greater in diaphragm
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active surface area than one hundred and fifty square inches, nost being
much greater than three hundred square inches, while still bei Heﬁf
efficient over nost of the operating range than a single-end July 2005

pl anar - magnetic transducer in accordance with this disclosure. The
invented transducer can be of this smaller 5 size and yet generate a high
acoustic output -having an upper audi o bandw dth extending dowmn to a | ow
range audi o frequency. Wth reference nowto FIG 20, another area of
needed advancenent in single ended planar-magnetic transducers is that of

i nproving the di aphveAtiMedatea tha o BMIRM SadFHaS JfuSt intRE LR beiGRRAPe and heat
tol erance, high di nensi onal s#a ility, 10 and | ow distortion. A conmon

di aphr agm nat er i abcatsh B i huagrersarednchrs gvhile st frive less effivient ve1 s peaker s has
been pol yest er t hofithefopdratifig rafide $6n KedWwrended pledar-inki@ctic iddlesar ked name MylarJ. A
limtation of suc i.ngl e-en | anar.- eti.c | oudspeakers has been
reliability due t%c%”‘i‘gr n“gt}] 5?’%%?52%5 Eeol?‘%%%aﬁSd? “e"a‘é%h%@ise% ler used to attach
t he conductive r eticamkyetgnerads athiph aehhisiip ntpmpiviad an ugpedandiobimdwidér mal 15 linmits

of stability of th{endiARhERYMwadnet hdflitqueddye to lower efficiency, prior
systens tend to require very hi ghé__gower I nputs to achi eve significant

: I >
acoustic output | evelVdreEpsgaaRodiG. 2 peothenaig of peded plvaeeisnt it her nal
stability limts siglestieiplaaohasesit einsdubdrsls hitbfprofid t digghag@bhriagns bot h had

to be large, to disperse generated heat over | ar ge . | essening the
t her il i npact f&?aar?‘;;e bar |%nﬂq§}?an it ik 03?‘%”2@%‘?"’%%“%&%% agm 21, and
nore |imied in rmaglomdistodian. péoningm daplgigmertesial if picesinglesemld plailae | nvent or s
have found anot hegaehdt RudsheaibhsHad vednl iyesleliith flbRASd kR undel GITPET AL LT €

I

tol erance capability, but apparently, has not been applied to single- ended
pl anar - magnet i ¢ |'Bidefehneps Mylarf, & linjitptipn pespehysingle-epded plasprmagpetie. or  Kapt on.
Thi E | fil FT has Ihi gbltdﬁpﬁma@hagbbbhﬁaﬁgag@}&ﬁbioitﬁeﬁna&ﬂﬁblén& bdhﬂ?ﬁllﬂtﬁ% ﬁfib'iivésy mor eI 25

stabl e than pol yest.er i ition t onventional fi materials, is
useable in the t"rs%liﬁos%%&resm@}@gﬁ18%1%"89%8&& ﬁpr}"ﬁg'ﬁkkl f‘?"&#‘feyn en rel atively
very hi ghtspower leqipbfisebility of tie displyesnr 3 itsdiie Doe iglvest effpesyi mibe t hernmal effects
tolerance capabi lgdas tenmfréa{li}ewgﬁimﬁh%ou{eﬁgﬂu gsqcﬁsvefsfﬁhﬁaa&ga,ﬁsﬁgot have a high

i nternal danping “characteristic an refore can generate higher

di stortion when iHEYIEF feertsethis, ashthe wheppnfthampa! ppbilitplimikaisdt | ¢ di aphr agm

Danpi ng as di scl gepehteh@nin, ﬁami@h&gnmt)ﬁhadttmeamganaeﬁ%&sa@n&at&d ait to sone
extent. In furth rtsearlchi n 1for.fi I h@g/li ngqodesi rabl e qual ities for

di aphr agm 21 apg’f’zf gat tgRe 2" assw%g‘%m‘é RIEPAARY PR Bf P osear ch, the

i nvent or 20have f @fitheldiaphrapm £ k rndaore indted ih aisxiloee mutmviai 4 ghleh erfhcer at | east five
to ten years, b Utareg.v"l'hgﬁﬂédt&ls }Q@e%mﬂﬁ)gmothcr thin-film material that has higher

temperafure tolerance capability, but apparently, has not been applied to single-

ended planar-magnétic loudspeakers. The film material is polyamide, or
Kapton™., This film has high-temperature capability and is dimensionally more
25 stable than polyester, and in addition to conventional film materials, is useable in
the transducers disclosed herein, particularly when relatively very high power
applications require the highest possible thermal! effects tolerance capability.
Unfortunately, polyamide film does not have a high internal damping
characteristic and therefore can generate higher distortion when incorporated as a
30 thin film planar-magnetic diaphragm. Damping as disclosed hercin can mitigate |
this undesirable trait to some extent.
In further searching for films having desirable qualities for diaphragm 21
application, and through extensive materials research, the inventors have found a

~ material that has been available for at least five to ten years, but evidently has not
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41 22 July 2005 as yet been applied to single ended planar-nmagnetic

| oudspeakers, even though there has been a long-felt need forijmﬁqﬂﬁgents
in this area. The inventors have found that the novel use of y

pol yet hyl enenapht hal ate film trademarked as PENTM or Kal adexTM, in the
di aphragm of singl e-ended pl anar-nmagnetic transducers has 5 an enhanced
thermal effects .resistance and very good di nensional stability while
havi ng i nproved i nternal danping conpared to other high tenperature fil ms,
such as those of the pol yam de variety. Through testing, PEN film has been
found to have Sigﬂb&%&ﬁﬂhﬁ&k&ﬁ@ﬂ&ﬁﬁdﬂhﬁfﬁ&k&ﬂmmﬂﬁ&@&éw&n&&@hhe pol yanm de

films and incre | erance capabi L.t o ester films.
This allows for 3@?“9 B"“ﬁ?@’f‘? %lg ec“ar |SBYY cng% ?‘ﬁ ner
distortion. It |sﬁmémwﬂhumwedwbﬁmbumémmmmmphammmnwhgnbﬁmsﬂﬂfﬁnsducers t hat
are much snmall er {Rafqck™ ;phl & m%éﬂ oi%h@l&'a&la?ﬂﬂ&dmagﬁén@%&ru tic

| oudspeakers nentioned hérein, e avoiding thermal problens, even

t hough t he therm@%ﬁréeﬁfm@lﬁﬁqsﬁsese@ﬁewévgve@siévmvswna sy ¥ele  devi ce. The

di mensi onal StablIlabxhg’unbtdbédhkﬁd’maﬂﬁﬁﬁlﬂg@ﬁlpﬁbﬁ@&h@ﬁﬁhIeﬁﬁb‘idﬂ@é"ﬁlﬁl& ability 15
overlong periods o

st ,al so aid that it has been
found that with ﬁ“glcaéthosﬁgggo%ﬁf@ﬁ %Tt’f ough E&ﬁm‘é‘ﬁscb(‘j?“dance with this
di scl osure generfaindyo t@mrgaﬂieanﬂatre@ceﬂamma:bllebm@mhajolyamxéerﬁimsaﬂur e that is

not significantl Yiner&lieB Ak ltol%ﬂ]q &Eﬂxh’é}%v&ﬁ&? s@engzgs Wh*sgﬁovg?o';]tré ur ations, even

t hough they incorporate ene urther advancenent
toward acli evi ng 8 H‘é?fuﬁﬁér"g@?rﬂrmﬁ@@gﬂ@eﬁﬁ‘?%dﬁlst‘sBPHl‘SﬁﬁQlaﬁ?:mng t he met hods

and materials uswmrhammu&@map&nﬁm;mamamﬁﬁgbm&ts&@mﬁdea he coil to the
di aphragm 21. In prior devices.there, ations due to the

e
adhesi ves utiliz ﬂﬁﬁ%@ﬁ??ﬁﬁ%@?Fﬁ???sngﬂﬁﬁgg¥wpgﬁﬁé?mﬂhan ‘desirabl e
~adhesi ve nass, thamhmbehm@aﬁ&dmﬁmm@hdmkemmmngm@egamxmandumtor 25 adhesi on

to the di aphragmdeuemm Bl ERARME: utr@hBL il WRsion3idy N SOMTE
appl i cati ons an Undesi rapl e | nteraction wt use& enove unwant ed
portions 18f the cwdRIgpirigds of ényrerHoweter ianistglsebe spid thatdt betheen found use of cross

| i nked adhesi ves tsaammg&a‘agfeakoﬁuﬂ,&h&nadv@éslﬁm:&mmﬂm%disaosmetl gation of the
above-nmentioned limtations. %ﬁrt cular, .a | ow.mass hi gh tenperature

"pol yur et hane cr o™ %%eﬁwaﬁﬁee?V%m' tepReRiTRljatiniet eIl i ve surface areas
to the film di aphxeagmand tanibsg legniah priica dnBguratiGgn@emthouthiBeyadtv@nttages are:

high-energy magnets.

20 A {urther advancement toward achieving higher pefformance is derived
from advancing the methods and materials used in bonding the conductive
regions 26 of the coil to the diaphragm 21. In prior devices there have been
limitations due to the adhesives utilized. Undesirable traits, such as larger than
desirable adhesive mass, thermal break down and letting go of conductor

25 adhesion to the diaphragm film, UV breakdown, long curing time, and in some
applications an undesirable interaction with acids used to remove unwanted
portions of the conductive layer.

It has been found that the use of cross linked adhesives can offer
substantial improvements in mitigation of the above-mentioned limitations, In

30 particular, a low-mass high temperature polyurethane cross linked adhesive for
bonding the conductive surface areas to the film diaphragm 21 is preferable.

Some of the advantages are:
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42 22 Jul y' 2005 i) The adhesive material can be printed onto the film
surface (rather than | am nated) so the deposit thickness is a i ely
LM

0. 000095 with the result being that there is negligible nass™d o the
di aphragm 21. ii) The crosslinking provides nearly instantaneous curing
which can be 5 critical to a diaphragmcoil conductor manufacturing
processes,- such as a print and etch process. iii) The, adhesive is very

stable at the 300 degrees Fahrenheit tenperatures that can acconpany a
de-netal i zati on process during fabrication of the diaphragm conductive
regions. 10 iv) The t h&hamhespenitaiahranieenaéd drlehe Atheshos @ather@aeds t hat of
nmost of the desipahhenfd hdBodPmREieldS Ghaphragm 21 nmaterial .
v) The adhesive is_untgdf)}ec‘t eg%]by fﬁﬁe %g?r%‘én%%'dago?g ﬁghg%rﬁﬁlgsone preferred
processes to renpobirstiptherineagtisifle mess adedtefhediaphipgmadl. For t hese reasons it

has been found that ifTht &osB%ing froVifes Wally indanfheddcringRERA RBaNar - magnetic
transducer_to 15 included a | ow mass hi gh tenperature pol yurethane cross

hi g
linked adhesi ve f 81l B39RPRgm AL CoRYRET AT faorag Arecstses: HFIASEPBS (o the film
di aphragm 21. AnocdnHetchpresssie Wi th singl e-ended pl anar-magnetic transducers
is that .the fields cy. . ren in_t I aphr agm conductors 27
can under sone Ci rcuiil aeﬁ(gléeg%rlr%)\g Isgﬁgeattﬁ'ﬁégorffﬁ":ﬁ’%{giﬁﬁeﬁf%geflaergérfs up by the
magnet i ¢ st r uct urthat g accgmpanypa desmetabizatiprenaacess dusing fabrisationpitess i n t he operation
of the transducergifphaim &AfceRse distortion. This problemcan be even
nore noti geable in sing|e-ende (g_lﬁanar- magneti c transducer utilizing
hi gh-energy magnets. ‘ﬂj thg {heqmg! nerforppnes of the pdhesive scgide taatof mostetdber o i ni mi ze
t hi s nodul ati on ahgdrablagine adbe uded anlebae dizpht@mpPonaaial. | i nearity, thereby
| owering distortion f this cau [ esirahle. 25 1t h een found that
2 vey o mti gat e o ni QTR £ BURE S BERE NS e e wiElce of Chi gh
ener gy nmagnets i rpregessdsingbreove the beivaprbdimel layrngpere tForshest ressosdibesshesn i s t o appl y
the use of a condugmhitdE: iSRAFbl B6h SHGRlendl ALEGdAE HlRRES (o DEt Wween the rows

of magnets distanced at |east the gap distance 31 from diaphragm 21. This

can be formed of WHBHEIoGmassRigh FEReraHsPolraghase sress bkadifbesivg ©r 30 mat eri al .

This structure caandagld@woddigivd suifRasrkds Y6 0 the iledisphagetl.c field in a single-

ended systemto be no ompar.abl e wi.th the nmagneti.c fiel d of nore conpl ex,

but field-symetric, ‘%’gttlf e en éﬂ'gq%?ndi%&éaﬁ%rﬁ“ﬂ?qe&prﬁaﬁsﬁﬁﬁqsﬁ%‘ﬁ‘@fi c | oudspeaker.
" fields created by the currents in the diaphragm conductors 27 can under some

circumstances modulate the magnetic field set up by the magnetic structure 35, so

20 as to create nonlinearities in the operation of the transducer that can produce
distortion. This problem can be even more noticeable in single-ended planar-
magnetic transducer utilizing high-energy magnets. A way to stabilize the
magnetic field to minimize this modulation and increase transducer response
linearity, thereby lowering distortion from this cause is desirable,

25 It has been found that a way to mitigate this distortion, to further
optimize the use of high energy magnets in a single ended planar-magnetic
transducer, is to apply the use of a conductive shorting sheet placed interlaced
between the rows of magnets distanced at least the gap distance 31 from
diaphragm 21. This can be formed of copper or another non-magnetic conductive

30 material. This structure can allow the linearity of the magnetic field in a single-
ended system to be more comparable with the magnetic field of more complex,

- but field-symmetric, double ended or push-pull planar-magnetic loudspeaker.
Returning to FIG, 12, and the discussion of bracing the magnetic

structure, if the structure is implemented using at least one electrically conductive
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Returning to FIG 12, and the discussion of bracing the magnetic
structure, if the structure is inplenented using at | east one %f tﬁgld%ally
conductive 43 22 July 2005 sheet structure 52c with acoustic @y
transparent areas 53a such that said sheet structure 52c has at |east a
surface area 53s placed between at |least two rows of said nmultiple rows of
magnets 35a and.35b and preferably interlacing in between . all the rows of
magnets 35a, 35b and 35c, it will mtigate the non-linearity from5 this
cause. The plate may al so have portions extendi ng outside of the outside
magnet s 35b .and 3éest staxore SRrwith edowsticallptrEpAR A atehS35nbHAB: $ald8he30 at spaci ng
portions 30a and I j ra ensi on changes fraom creepi ng
def or mati on of thsehlac%r[a?26g%%bga%tg\%{ér;ﬁg{]ﬁmﬁg59&’@“%?’?3’5?5@3‘5 HIES ORet urning t o
the i ssue of conpwidimitipierawsnf mignetst3heand 3peakpefeabinin@taciagidbaweed 0 Syst em
Anot her pr obl em tiake rmma%aayﬁg, 388 dn@BscSh wﬁa'nﬁﬁgﬁt@ﬁl@qmmﬂ%ﬂ@rﬁgﬁﬁgnet 1c.

]

| oudspeakers, is poor nagnetic coupllng_that Nas cause nder danped and
ot her wi se *poor antBf FAFd g Rl ses algo hagpgrtionsieyprdipe antsiderséthe ensilaent al  r esonant
frequency, in themdgeuesst addreg)um Bberiatt Bece@e sQRRFAD bQPacinBirideS Conmproni sing

the audible perf nce qf the transducer i.tself.in this frequency range,
a still further 1%5%?36%6%105%’%&’85‘3 en?%égmgsﬁf&’f’ém@ﬁ‘ﬁ ‘c‘f"%‘?@?ﬁ&‘{t‘g"‘mgneti c

| oudspeaker s hav estriptitge overtimglas discessed @epvart i Nng snoot hly wi t h woof er syst ens
Sgussed above.

that can effectively RandheolGse oPlRhindil SHHERG sRkeR T H i .
Because of the underdanped &)ual | tgﬂso{a rror single ended pl anar - magnetic
argy

speakers ¥he woof¥HE: Aagir prepleaybag 1ot wigle cpded plawapmssatte from t he pl anar

transducer rat herloidipaskers)|igach ngneSeR RS A YasdtusAQnslRBhpgha Wt h the advent
of honme theater syrround so%glge%%stems ) | i cati on of woofer systens

,. the a
i s becoming very standard. &6 ?’Fc’ﬁdrf‘gfﬁ%aémegggaf”é resuddi ng i npr essi ve
per f ormance i npr diﬁmmtisﬂlelﬁwestfrw_adnb}lrhﬁgyoﬁoperat‘mﬁ.fhsiﬂéswahpyomismgeﬂgr ate with
these woof er Systaﬁﬂﬁeﬁbﬁ&u%&QBftw&a&Bucé\?%elﬁwﬂ'ﬁ u@;lilgﬁg%eaa[’sgﬁg&?cﬂe‘ magneti ¢

| oudspeaker from participating very effective he 25 art
expressi dis of s®@FPlesbewtimtrmgle eadedplepr-magagtie ondspdakers iavediad por at e a separat e

woof er (somet i mesrobdd ihtegatisg ety Gt wooldd §ys@h{ €4 bdn\eBecal thittgleon of high
ener gy neodym um j

Jagnets can rovi de sur singly effective solution to
the above stated {9 At |°8ﬁasc§g°“f)sf‘% %Pveagf"a'é“f’ eé‘“degq‘lé@d WAYREr - magnet i ¢
| oudspeakers. W trhorsiafleendeigdnirmagreidspeakers theBydbRrsadnd to2dundBisjbisted1g t he
hi gh-energy, suc Qn&@paﬁ?e%%%elﬁm:ar PRIRES Rhe AR bﬁl?&i}gisga%legspy%s gap 31 at a
20 desired. With the advent of home theater surround sound systems, the
application of woofer systems is becoming very standard as a part of these
systems, adding impressive performance improvements. The inability to
effectively integrate with these woofer systems has kept prior art single ended
planar-magnetic loudspeaker from participating very effectively in state-of-the-
25 art expressions of surround-sound or stereo systems that incorporate a separate
woofer (sometimes called subwoofer),
The effective application of high energy neodymiurn magnets can provide
a surprisingly effective solution to the above stated limitation of prior art single
ended planar-magnetic loudspeakers. With reference to FIGs. 4, 18, 19 and 21
30 using the high-energy, such as neodymium, magnets, and setting the gap 31 ata
center maximum to less than one millimeter, better low frequency range response
can be obtained. It can be preferable when desiring an increased ability to
produce more controlled output at or near the resonant frequency, or to smooth

the response through the region of the resonant frequency for more seamless

44




center maximumto |ess than one mllinmeter, better |ow frequency range
response can be obtained. It can be preferable when desiring %g inﬁé&ﬁsed
ability to produce nore controlled output at or near the reso ﬂ#y
frequency, or to snooth the response through the region of the resonant
frequency for nore seam ess 44 22 July 2005 interaction when crossing into
a low freguency woofer system to reduce the predetermned gap at its
centered maxinumto less than 0.75 mllinmeter or even less than 0.5
mllimeter. It has been found that in addressing this problemit is

preferred that m&ﬁ%&n%e&%sﬂg&@ﬁﬁ%&%’ied%ﬁ?od?&sﬂ!aﬁﬁore@cmgn applying the
above-stated net hod, or eghancement to a single ended  planar-nagnetic

transducer, the tPEFEGYREERAYS "B’Eer‘?dﬁ’faé'ﬁ‘f“&f‘b‘EFS Bpg QOmilimetr opfveth a2 woof er
system wi t h subst &sstthaa 015 yhillisagear.Olv ked béer Souitdl that mahdr@QMgﬂﬂs prévietn it iy pe of

| oudspeaker to fi @@feﬁéﬁﬂ%ﬁﬁ%h&b%%ﬁaﬁe? ;Semqidv g"’kl n what has been for over

ten years a rapi use that has seen very
little participation erfﬁppimmgsﬁlfr@b‘@-sewdmdhqdloawaancqmqmatsiingielemhdspeaker s. It

is a significant asuarM@eeﬁemﬁéer%ma@%ﬂeﬁ@memﬁguvtwﬂh;“efgy

magnetics of gr eat er than 25 nGO.or . preferab m30 of nore in accordance
with the inventi ofi® "trﬁyéieml“i‘ﬂ‘ﬂ'ﬁﬁanmﬂéﬁwweiﬁ%& WWP&%@’PS?fgnaI out put wi t hout
t he usual over-ebouﬂslmlteoﬂaﬁmﬂpbdrt&iﬁateafecﬁazbly@fwlﬁiuagiearﬁ”&’}&%n@&gagns In fact,

it is 15 surprisi net i a over the
central portion o gikg%ﬂ$¥e%?rgou§nsp r%? thaﬁéais "8‘? é‘%‘lﬁ%ﬂ‘g BWar-rragnetl c

t ransducel 100, tmsumbteﬂ@ﬁplgnatrh@nehefowsmmy and danpi ng inproves, but

al so the large signal ItQHE@Mﬁca&%&ﬁHé)péc&Madvh%E@@ﬁﬁﬁng éﬂgn %BI or approach was

to expand the magneti gﬁg so as to allow %reat er hragm 21 novenent
to achi eve great P84 W‘S‘G‘E%ﬁﬂ%‘) oripreferaly 35 pGPRYReTE ingesordgnse em di scl osed

herein, a decr eaS\ethﬂliexivhﬂlog&ﬁtlfd’aﬁ)ﬂb\h&%reiteﬂﬂrkéﬁgﬁabtﬁ;ﬁutwﬁlﬁﬁtwnded previously
in the prlor art I. va reduc | east 25%to 50%
actual Iy incr eases&a?ﬂ}ep%amonﬁm %idfcpgﬂrts Sl:ee‘gdf’é ‘%eﬁé‘}/ df oihitBgm 21.  Large
si gnal caidabili t|Sewnmgéhaslv'rdpqrwsnmgﬂIyagnqtlcga@asﬂb;rtbamﬂtrdlhetmproﬁhé em of the
di aphragm 21 str '&fa‘pﬁ}ggrﬁﬂ%fm%ﬁk%hdéLlM%&cﬁ%s&ﬁer‘i’&)gﬁaﬁ?@ 611%” | ouder

oper a

acoustic 25 outputs, over the vast nmgjorit range. This | ow
frequency control® °iePﬁ¥raHV@§‘P'{‘31'§‘P’§Eﬁ§r?H”&&§'Fiafgyﬂgl%ahé'lpilml@@htat| on ability with

woof er systens aribreash.| nmpnogﬁpp@ﬁdﬂﬁvaauesrp&{d|the$ﬂé§ﬁeﬁr!@a9mslalalstto and efficiency.
This can al so all Qedter ding ElrgiJ %vén?enttto aechllévee%lrélatléreagougnlc%l? thsag M2t area of a
single ended pl arfar - nagn ®
inventive system dlsclosed herein, a decrease of the gap from the 1 millimeter
recommended previously in the prior art, to lesser values, reducing it by at least
25% to 50%, actually increases the damping and control of the diaphragm 21.
Large signal capabilities are surprisingly increased; and the problem of the
diaphragm 21 striking the magnet structure 35 is decreased for louder acoustic
25 outputs over the vast majority of the operating range. This low frequency control
improves the sound quality, the integration ability with woofer systems and
allows greater overall system output and efficiency. This can also allow
reduction in the required diaphragm 21 area of a single ended planar-magnetic
transducer for the same sound pressure level as discussed in detail above. And
30 this mitigates one of the bigger weaknesses of most prior single-ended planar-
magnetic loundspeakers, which are, by necessity, typically more than about 300
square inches in diaphragm 21 area as discussed above. Incorporating features
of the present invention can provide high performance transducers of less than

150 square inches of active diaphragm area 25 and a fundamental resonant
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transducer for the sanme sound pressure |evel as discussed in detail above.
And 30 this mtigates one of the bigger weaknesses of nost prl% 2005

si ngl e-ended pl anar- nagnetic | oudspeakers, which are, by nece HIX/
typically nore than about 300 square inches in diaphragm?2l area as

di scussed above. Incorporating features of the present invention can
provi de high performance transducers of |ess than 150 .square inches of
active di aphragm area 25 and a fundanental resonant 45 22 July 2005
frequency, and the attendant potential |ow frequency range, down to
frequenci es bel ow, as discu in detail, above,
becguse of the e {qeenfsf’%ngn%esg & pohmualﬁg?ﬁ%@%@%eﬁ%‘%\%’en%m?mfhe di aphr agm
area can be furt heslow fousgjupdeediHerts. Agaim astdirayysed OGlesi gmre bicmshaftheor even | ess

than 30 square Inaﬂaﬁeneéstofﬁ@eeéod%lfmmbencaqpédlasﬁagtaagéacm@tfur&é}e | ow frequency
range i s operable down to | ess than he gap 31 1's reduced down

to Iess than 0.5 Tfueediplssdion 109 sqpang dichey ar evep leeplandg s9u4F ghepslt4a8 | ess than ten
squar e i nches. Anﬂiomeﬁppﬁddgﬁvhfﬂaﬁmﬁw frpenoy @ipe Rlopdrdb@AbiE IRy ter appl i cation

of high energy ts ende neti,c transducer is the
i ncrease in W?‘gfnéi efaﬁ%l ‘%d ?e?%haﬂ@? %m‘% S B age requirements
all owi ng for the dl!ph@gmamariéldivsgﬁmaMquh@ut puts in a smaller size with

out. prematur el y_ 1 eachi nGuuoddif Rt bigvbiten i 1 30heAbhiENB LGRS | DI overrent s

whi | e saving wasteful power usage required in prior devi ces. Looki ng at it
anot her way, nor eenﬁrél(/\%"fg“tﬁtf’asﬁ‘fé‘@ﬁ@dpla@&ﬁa@@lcéfﬁfﬁﬂchdF‘P%ﬂW@a@| ng a much

hi gher dymam c radmncya&dmgéf&ate&rcuaﬁnmeusquh&n@ﬁmwtng foNh‘éﬁsst enbodi ment s

di scl osed herein ca | e. ended

pl anar - magneti c dtgnrhtgga‘f”ﬁg'ﬁm{/%g ao%“ﬁ%f%“ﬁﬁh@\'hpf’fﬁ%wym ning now to FI Gs.
24 and 25, whil e thenhsl imitd iz allows thesmimpevinmdis whilktsavingivsgdfd pewkr above can

produce a very w E&ggwﬂ f.a separate device
for operating |ntlg ver%Eﬂldévﬁggés]?H%b&gqgﬂeaﬁné@ggja%ﬁm%we?hfe trebl e/tweeter
range, in some eniSead ﬁ@r‘n’?%l’l’i“?‘?én%@?‘#g@% igherdypptigrangpnspdaieslét particul arly in
di spersi ofF Of t heacslipRutplt! RLY SBKIBSats Bit10RE Hbrbig ca bERBHE leBiblel @t er

enbodi nrent 100t of ﬁhe' iin%/{@% kon co%ed with a l@ ge ow frequency range
enbodi ment  1001f BRI FEET AR BRI EYre i o as Rersblep §'8'éfyabove can further
be optim zed to produbenirg nbw @HFlgs. 2f 4nd23, while asmmdica-romaled pl anar - magneti c
e O 2o nbBibhenls Sis TR ol sarf Rl &l o Bl oy DSt ant Ll 1y

w der bandwi dth than prior si ndg anar - magnet i c oudspeaker
desi gns for hi ghdpauirqmepfpbntepasse device for operatmg into the very highest frequencies of

20 the treble/tweeter range, in some embodiments the performance can be improved,

particularly in dispersion of the upper frequencies, by adding a smaller tweeter
embodiment 100t of the invention combined with a larger low frequency range
embodiment 1001f of the invention. Embodiments disclosed above can further
be optimized to produce a highly effective single-ended planar-magnetic tweeter

25 device that is smaller, more efficient, and of substantially wider bandwidth than
prior single ended planar-magnetic loudspeaker designs for higher frequencies.
By scaling the embodiment to an approximately 2" by 2" transducer, the resonant
frequency can still be below 1kHz, and below even 600Hz is possible. The high-
frequency bandwidth can extend to bevond 30kHz, and even beyond 40 or 50kHz

30 is possible. This extension in bandwidth is maintained while also producing a

' sensitivity of 87 to over 92dB while at the same time having less than one tenth

the surface area of prior single ended planar-magnetic tweeters known to the
inventors, of which the smallest tend to be on the order of ver 30" long by 1.25"

wide and have sensitivities of 86dB or less.
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By scaling the enbodi nent to an approximately 2" by 2" transducer, the
resonant frequency can still be bel ow 1kHz, and bel ow even 63%{%Hi5
possi bl e. The hi gh- frequency bandw dth can extend to beyond Y %ﬁh
even beyond 40 or 50kHz 30 is possible. This extension in bandwidth is

mai nt ai ned while al so producing a sensitivity of 87 to over 92dB while at
- the sane t:ine.having |l ess than one tenth the surface area .of prior single
ended pl anar-magnetic tweeters known to the inventors, of which the
smal l est tend to be on the order of over 30" long by 1.25 w de and have

sensitivities of 86dB,or | . A6 22 Jul 0 In more detail and with
reference to FIG 4, %"o"?oree‘%t;a?rﬁqdé‘? ggefe\'ﬁ%eet‘%llgg"qg?%%’ﬁn%ﬁtmegt% have an active
di aphragm ar ea 25emheditnb caphekean afiveliaphiragimare 2 P&i'the ordenaf 1t5hey 288 net structure

35 to di aphragm 21q@Rihagitt st d Bsphradel A b3 1 /cailBB less BERBRLAP! Y 10 the 0.20
to 0.50mm range. This éé%i ce irs val %ab%ng irhﬁprrany SGSSappI [ cgltgll' ons where there

has not been a si PigfPrableindhed-20 e dndrm sagn Ship devigels valysble wimaakt j vel y able to
function in the pgglcaticsitikerederd s @meambﬂglle@n@wmr-ﬁagﬁ&iewice mul ti-nmedia,

and hone theater . now.hope ster.eo st ens er.e wide-band Super Audio

CDs are capabl e O%Pegﬁgﬁéﬁl%%ﬁgwlﬁ?%p%f?é“%@ﬁ‘h‘ﬁ‘&’?ﬁéﬁﬁ%’?&”% ended range

~tweeters. Exanpl esulviredi enddiipoticareat! sovolfore bitiga sy@dnsawheke 26lcdad 10 operate
from bel ow 500 HZSI&)QAQM@ED?%&‘Q{:%JE%?Mﬂ%%ﬁﬁ?i%rlﬂld@rﬁéﬁdiﬂ%&w mance 1n a

device that can also have the a vant%%e OW CcOst . I'S surprising high
frequency respons&taitd Fressvenl Frapploy the pubodipeay of FKEéend25speakers as a

pa(r]I t of ajo par arrﬁape:meﬁ&rlpaadwsoow&t@mﬁm&p%vimhgéxa;ﬁ@ﬁjfgerﬁ]gﬂa&smns to generate
audi o output. This. ication is the ject, . matter of separate patent
appl i cations, U. S%ei"?%%i”%a tFa?'eatf'e%%a'é‘t.age,&&l‘JtW‘n'@VSWWé 8o, 7029 and

conti nuati ons t hefregakgy respdnsecdnatdes epphi@ticabyplanacmeystic gbakels iy puredfer ence, and
wll not be disc B0k DeflElRbely sl dic (ARl ) r.ef. e to FIGs. 24
at | east one trah%%uce‘r%elom?s(?aﬁm e 8&%°iemg§z}éé to:‘lgg%gﬁeiag 1(g(?u%;ﬂfr?equenci es and
attached to at | cEhistapRlaion is Hn stise aatier ofpseparaapaigptiopicationsdh$PRT zed to operate
down to aisd ower fgegAM@OCY t hanubBatDotet NdR2D hddSbnihdaBis fbrestr . t her eby

forming a nultiway.| %ug;s"Tak_ero W:Pc{)bh t he erruldt“%i@%}/ ) O“ugﬁigl\eﬁgk r further.
i ncludi ng at | east®R2f; @’Ebyb%fglg rapd by aelrpes #d Reiispus t)"’jeand can
i ncl ude a crossoverinnetwork for driving the first and second transducer at
their respective frequeRCym (MG Fibs SFRVEALE dBRURE: B6TRL L1 €7 (not shown)
' optimized for higher frequencies and attached to at least one transducer 1001f
20 which is optimized to operale down to a lower frequency than that of the first
transducer, thereby forming a multiway loudspeaker with the multiway
loudspeaker further including at leasta high-pass crossover filter (not shown) and
can include a crossover network for driving the first and second transducer at
their respective frequency ranges. A separate power amplifier (not shown)
25 adapted to provide just the high frequency signal to the tweeter 100t can be
provided. There may alse be a low pass filters (not shown) applied to the lower
frequency transducer 1001f and a separate amplifier for the lower frequency
transducer. The electronic implementation of the scheme can be in one of the
various other ways known to those skilled in the art.
30 With reference to FIG. 23, the high frequency tweeter portion of the
transducer 100t, can be integrated into the footprint of the larger low frequency
portion 1001f. In such a single-ended planar-magnetic transducer the tweeter area
utilizes a portion of the diaphragm 21, and the smaller tweeter magnetic structure

35tis on the same side of the device as the larger low-frequency magnetic
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25 adapted to provide just the high frequency signal to the tweeter 100t
can be provided. There may al so be a | ow pass filters (not s i ed
to the lower frequency transducer 1001f and a separate anplifier ¥6r "t he

| ower frequency transducer. The electronic inplenentation of the schene
can be in one of the various other ways known to those skilled in the art.
30 Wth reference to FIG 25, the high frequency tweeter portion of the
transducer 100t, can be integrated into the footprint of the |arger |ow
frequency portion 1001 In such a single-ended planar-magnetic transducer

the tweeter area sudlrhb 355 BotRPérhto@Red thelth&tePpARR I ROGH Rabe it the snal | er
tweeter nagnetic strlgﬁ,éure 35t is on the sane side of the device as the

h . of
| arger | ow f r equeiPAPS{HagRragm Rlacspndhs oppgpits fapphehindthedeiiqe i e &g | n anot her
enbodi ment, the timehekzpdhaptirnzl00t can have its own separate di aphragm
pl aced on the oppositg f Lhd..the deyice in the figyre) fromthe
| ar ger di aphragm 21. %Pné% ?%é’ggglﬁyg&eﬁ%”ﬁcim#?tlmﬁy r%’%g?%nélig(ﬁ'f%%f t hat many
probl ens &nd sol uhpeserdancEwiththearyontivmiagioeived infthetidvarpiratiorefthigher are i nvol ved in

the incorporati orbng}gﬂ,mgggse,ﬁ singR BT YIARBRRER iRt Pafic@iged pl anar magnetic
transducers. Partjcularly, incorporation of neodym um nmagnets 40 or nore

times stronger tHETPARERTOL Reodyyum mMagpss|4() of ragsejtines steopspy than reagerisd
pl anar - magneti ¢ | ppsribsenkdin Singldrn@a plamy-Ragaedc.louddpekers althehadonobe utilized even
t hough they have been avail.abl e for qver ten years. 10 The over forty years
of attenpts at ef eélcaglle\%’eheﬁlﬁ)hﬁ R aR 35%“5???&%?%&%&58"%73%"3’?1 magnet i ¢

transducells have Theever rbgams eftaitaiptsyt affetiveappleations of siogiwadeadiphhar-y |

particularly in thgndidktniai Bohmyaly vititk QR dragug, and automotive
applications where the hi outputs and smaller sizes in flat panels have

h
been long felt PEE R T Bearflbes o FATAR-9Mad REOi Ay ent | on as
exeg}:)l i fi e]g by thppmioﬁﬂmﬂemﬁighcﬁama@e&mmmksmggﬁﬂ&@ane@ﬁdvyb&m ved the |
probl ens of incorporatian [ e gy, heodym um ts in a single
ended pl anar - nag r%‘ge) if%t éra%l%"g%eﬂeé(’é‘?? “‘?Yaﬂﬁks¥hed?)v§ﬁtéaasr?éﬁ'§r}ﬁ&7§$§a‘?o enhance
previ ouslly unt applsdosedensrdimerts haf nosintygblesdahmgpentilempbfamerporatiagefdighc | oudspeaker
architecture. ThafeafeyhRfhlndfRes GALinRe dgﬂg!!gﬁgg- ng-ent renched
dynam c cone-type eIr%ll;dspeakerEvvltstﬁﬁA Fgglt%}[l perfor n"é“é&gﬁ‘“{fgggﬁt ages and thin
panel packagi ng ABR&hraydeys igavpgesvisrshapkingd peteatthifoingletnded chal | enge to
the established tpaedaRimeE)Io@HeAM AR RitEurs. 0Nt :SARARIE nok BRIBY ENt i on  of fers
new di mensi on of gLt O R A coRl R oudib BB bl ptriireb 216! P! anar

20 advantages and thin panel packaging advantages. Besides offering a competitive

challenge to the established technology of dynamic cone speakers, the invention
offers new dimension of performance over prior attempts at flat-panel planar
loudspeaker designs.
Those skilled in the art in possession of this disclosure may now make
25 numerous other modifications of, and departures from, the specific apparatus and
techniques herein disclosed without departing from the inventive concepts. It is
to be understoed that the above-described embodiments and alternative
arrangements are only illustrative of the application of the principles of the
present invention, ' Thus, while the present invention has been shown in the
30 drawings and fhlIy described above with particularity and detail in connection
with what is presently deemed to be the most practical and preferred
embodiment(s) of the invention, it will be apparent to those of ordinary skill in
the art that numerous modifications can be made without departing from the

principles and concepts set forth herein within the spirit and scope of the
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|

| oudspeaker designs. Those skilled in the art in possession of this

di scl osure may now nmake 25 nunerous ot her nodifications of, angbgﬁgﬂ@éyres
from the specific apparatus and techniques herein di scl osed 1

departing fromthe inventive concepts. It is to be understood that the
above-descri bed enbodi nents and alternative arrangenents are only
illustrative of the application of the principles of+the. present
invention. Thus, while the present invention has been shown in the 30
drawings and fully descri bed above with particularity and detail in

connection W th wadtion shatu;sasﬁfets&yor@l«awgn&%a&dm%mmgofm{eactI cal and
preferred enbodlnentgaawof the invention, it wil]l, be apparent to those of

ordi nary skill in®RR YentioRay '%%%?WP‘?‘?@&F%M can be made wit hout
departing fromthe principles and concepts set forth herein within the
spirit and scope of the 48 22 July 2005 invention. The disclosure set
forth above is not intended to be Iimting of the scope.of the invention,
which is defined by the appended clainms. 5 49 22 July 2005 CLAIMS 1. A
pl anar - magnetic transducer conprising: at |east one thin filmvibratable

diaphragmwith a first surface side.and a 5 second surface side, including
~a predeterm ned active region, said predeterm ned active region including

a predetern ned conductive surface area for converting an input electrical
signal into a correspondi ng acoustic output; prinmary nmagnetic structure
including at | east three el ongated nmagnets placed adjacent and
substantially parallel to each other with said nagnets being 10 of high
energy and each having an energy product of greater than 25 nega Gauss
Qersteds which results in strong interaction between adjacent nagnets; and
a nounting support structure coupled to the primary magnetic structure and
t he di aphragmto capture the diaphragm hold it in a predeterm ned state of
tension and space it at predeterm ned distancing fromthe prinmary magnetic
15 structure adjacent one of the surface sides of the diaphragm said
conductive surface area including elongate conductive paths running
substantially parallel to
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said magnets; the nmounting support structure, the at | east three magnets of
the primary magnetic structure, and the di aphragm havi ng coor%géﬁgéﬁbs
conpositions and 20 being cooperatively configured and positi

predet ermi ned spaced apart rel ationships wherein (i) the nmounting support
structure stabilizes the diaphragm in a static configuration at the

pr edet er m~ned-t ensi on which remai ns stabl e over and between extended

peri ods of use, despite occurrence of dynamic conditions in response to
extrenme high energy forces driving the diaphragmto audi o output, 25 and
(i1) the high energy magnetic forces interacting between the at |east three
magnets do not interfere with the predeterm ned tension of the di aphragm
sai d pl anar-nagnetic transducer bei nGIdf¥Pabl e as a singl e-ended pl anar -

magnetic transducer. . Aapl.afaagidRgneddicer bhgisgucer as set forth in claim

1 wherein the 30 high, ener ne onpris dym u . A

pl anar - magnet i ¢ transﬁﬁ&sé?neg%‘fgiﬁglﬂ?%éfﬁapﬂ%g%@ar?@%s%ﬁ}éf’rsgfﬁl%tahe hi gh ener gy
magnet s arse neodysadobdeurfaesidy mclwdingla prdeteemiesdgytive mpibm gpidyfredetermiest 34 nG0. 50
22 July 2005 4. . nl - i in claim1,
wherei i the at | carBrBRR NG ke EANSAL niRs B o Bty 8 S 70T
predet er mi ned actippeicleciriealsignl g a gogresgonding prousipouipytiar e | nches, said
predeterm ned active gl HagdeftColrsbfird18bludhg a A5 @R bRigMagmaonduct i ve surface
area for converting the in

ut electrical signal .intp the correspondin
acoustic out put RS i b@@“&@bﬁaﬁﬁgﬁ’ﬁﬁkﬁﬁf‘ ‘é‘&f% ﬁmﬁownpto a ?ow
range audito fr equehiglyenerpy andeqoh bamiag anvaggyatrodect bf grrasdtbendf mege Geess forth in
claima wherein Sflfls HEANSHN Gkl iMREAM A Ra) el aly © area and a

f undament al r esonant requency representing approximately the | owest
potential cutoff fredueeinssPrasseicsrsceypledfatle nimpry pegstices™ef®a and | owest
cutof f frequency 9§ moh h @ Rapke thd WapRhad) 8614 it KB 9R&kInGinddsaRSHuUcer fal ling

into the unique range of Fr < 000/ 4A) wher ei Fr) equal s the fundanent al
resonant frequenéﬁ)‘s‘g‘fmgf*?é"et“raéﬂ dd '?'51‘“?“?1&%'3?‘%"'5%'(1“‘ ¥ equal s the
vi br at abl16 ar ea ahuduredipdestnschi @ surflceajibsofigenliaphragropsaid enducivehes.

surface area including elongate conductive paths running substantially parallel to

said magnets;
the mounting support structure, the at least three magnets of the primary
magnetic structure, and the diaphragm having coordinated compositions and
20 being cooperatively configured and positioned in predetermined spaced apart
relationships wherein (i) the mounting support structure stabilizes the diaphragm
in a static configuration at the predetermined tension which remains stable over
and between extended periods of use, despite occurrence of dynamic conditions
_ in response to extreme high energy forces driving the diaphragm to audio output,
25 and (ii) the high energy magnetic forces interacting between the at least three
. magnets do not interfere with the predetermined tension of the diaphragm,
said planar-magnetic transducer being operable as a single-ended planar-
magnetic fransducer,
2. A planar-magnetic transducer as sef forth in claim 1 wherein the
30 high energy magnets comprise neodymium,
3. A planar-magnetic transducer as set forth in claim 1 wherein the
high energy fnagnets are neodymium magnets with an energy rating of at least 34
mGO.
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6. A planar-magnetic transducer as set forth in claim4 wherein: said
transducer di aphragm has a vi bratable area and a centered gap Z%Jﬁ_‘tle}\;\s t he
magnetic structure and the di aphragm neasured at the center of

di aphragm said transducer has a fundanental resonant frequency
representing approximtely the |owest potential cutoff frequency of
operation, and the vibratable area and | owest cutoff frequency of operation
of the planar- magnetic transducer are in the range of 25 Fr < (I 5004A G
wherein (Fr) equals the fundanmental resonant frequency of the transducer

in Hertz and (A) equals the vibratable area of the transducer diaphragmin

square inches and (G equals the nagnet to di aphragm g}iap_rreasurefd in

mllineters at the cent ef PERrREneiqiandyeraptet iGithip ApRdnyhesin tie A

pl anar - magnet i ¢ tat ke dhid @i filasibmeble figghtabm indlu®h aipriidkeriidnaive: sai d

transducer di aphr Lor at ab r.ea, and ntered, ga bet ween t he
magnetic struct urrgg g&nog%%r@aﬂg%ogsgﬁ#zﬁch%%ﬁglg rﬁdrege%% a%ﬁeere %’n‘?ctla"(ramgf t he
di aphragm® 51 22 ajpudpterd@@dbcondrmiivg surfaceracsel foc enverting tha infu plgdnvelnigadl r esonant

frequency represepnt il GorRPBERE FFREE bitput Bfint QWERE aldRbeAkig@l cutof f frequency
of operation, and the vibratable area and | owest cutoff frequency of

operation of the $yfeadingdowniggiastrange g fe@eRcer are in the range of 5 Fr <
(1000/4A G wherein (£r) e@lasd-fagnbe thishdanedet fokh if QaaRaMErci senuency of the

transducer in qut an A) equal s, the vibratable area of the transducer
di aphragm i n squar e%uﬁerncﬁgﬂelggr%%aafléj‘w%eqaﬂeﬁla% atfﬁngmr%tﬁlrf%sfmafaﬁoﬁeﬂﬂeﬁﬁhr agm gap
measur ed i0n mi | | irepeesenting approximitely thelowest pohtial duio{fiflequems ofpperatdgh,aphr agm 10 8. A

pl anar - magneti c t ransa#et%wesm%s&dlév@&hhomqséu@m,f&faw%é Q%nar.sai d

transducer di aphragmhas a vibratable area wth a | engt a wdth
di nensi on wher ei MPERES Fnieer Bl hsHriqus g | essor of the length and width
di nensi ons, said trangducegochias a fundanental resonant frequency

representin 15 appr qQxi ely the. | owes otenti al tof f, frequency of
opgr ation gn d PP w eregl%r)eq als efundamenta} res}())nant f{:lequency o(f\t%e transducer a y

15 in Hertz and {A) equals the vibratable area of'the transducer diaphragm in square
~ inches.
6. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area and a centered gap
between the magnetic structure and the diaphragm measured at the center of the
20 diaphragm,
said transducer has. a fundamental resonant frequency representing
approximately the lowest potential cutoff frequency of operation, and
the vibratable area and lowest cutoff frequency of operation of the planar-
magnetic transducer are in the range of
25 Fr< (1500/A G)
wherein (Fr) equals the fundamental resonant frequency of the transducer
in Hertz and (A) equals the vibratable area of the transducer diaphragm in square
inches and {G) equals the magnet fo diaphragm gap measured in millimeters at
the center of the transducer diaphragm.
30 7. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area and a centered gap
between the magnetic structure and the diaphragm measured at the center of the
diaphragm, '
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the width of the vibratable area and | owest cutoff frequency of operation
of the planar-magnetic transducer are in the range of Fr < (1090 'ﬂg ydrerein
(Fr) equals the fundanental resonant frequency of the transducer % I'n
Hertz and (W equals w dth dinension of the vibratable area of the
transducer diaphragmin inches. 9. A planar-nmagnetic transducer as set
forth in ¢laim4 wherein: said transducer di aphragm has a .vibratable area
with a width dinension |ess than a |Iength dinmension, 25 the transducer
further has a gap di nensi on between the magnetic structure and the

di aphragm and sai d gaald@m&aimmm&ﬁ%o t A niS: f}re@é;l f the diaphragm
sai d transducer has a fundanental resonant uency representing

appr oxi matel y t hePPOREYEY ﬁ‘&PEFﬁRO%“%%ﬁffeq‘feﬁ‘é‘(ﬁﬁ@ﬁ@‘Pﬂowl operation, and 30

the width of the vi brtaeamta,meaaudamsdc@mm&quwdrafofaerafuezeaueaﬁ%:of operation
of the planar-m net i.c tr nsducer are in the range of Fr < (800/W/G 52 22
July 2005 \/\/nerelng{1 r “ccéfmgmt &¥tfidanent al resonant frequency of the

transducerd in Hertz akfc ((mmNeql)al S WI dt h di mension of the vibratable area

of the transducer G net to
di aphragm gap neasur e@g %&E‘r“iﬂ er S ref"%a"}ﬂ cr&éhfg't“ﬁc{m‘%r ansducer
di aphragm 5 10. inHgizapdA) mﬁﬁbﬂl@mbkatwsdﬂb@ﬂﬂ%@emhrﬁmmmum claim4

wherein the predﬁ'&@ram(@%huﬁ%u@nmo%bﬁrmapﬁgasrgsulbaﬁim?aers% al surface area
of l'ess than 100 square inches. '11. A planar-nmagnetic transducer as set

forth in clai m4 BRFErErHhS st dARbEEt i ned active di aphragm region has a
total surtbace area ofs.| e%pMagﬁﬁcu&ﬁdlﬁquwe&omhsﬁMwL&emA pl anar - magnetic

transducer as set for redet ermn active

di aphragm regi on has sggﬁ?%'{;d"?ér rqwﬁm arveéatag ess Ei 5% @guare i nches
whil e having an djesndanhgrein ds windriimdnsienjebnlssorof the begh anbwidh400 Hz. 13. A

pl anar - magneti c tgnapssscer as set forth in claim 12 having an 15 operating

resonant frequency of |ess than 300 Hz.
said transducer has a fandamental resonant frequency representing

15 approximately the lowest potential cutoff frequency of operation, and
the width of the vibratable area and lowest cutoff frequency of operation
of the planar-magnetic transducer are in the range of
Fr < (1000/W)
wherein {Fr) equals the fundamental resonant frequency of the transducer

20 in Hertz and (W) equals width dimension of the vibratable area of the transducer
diaphragm in inches.

9. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area with a width dimension
less than a length dimension,

25 the transducer further has a gap dimension between the magnetic structure
and the diaphragm and said gap dimension measured at the center of the
diaphragm,

said transducer has a fundamental resonant frequency representing
approximately the lowest potential cutoff frequency of operation, and

30 the width of the vibratable area and lowest cutoff frequency of operation
of the planar-magnetic transducer are in the range of

Fr < (800/W)/G
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14. A pl anar-magnetic transducer as set forth in claim4 wherein the
predeterm ned active di aphragmregion has a total surface ar e%?;ﬂ*f@()% t han
20 square inches while having an operating resonant frequency o ess than
400 Hz. 15. A planar-nagnetic transducer as set forth in claim14 having an
20 operating resonant frequency of |less than 300 Hz. 16. A pl anar-nmagnetic
transducer .as set forth in claim4 wherein the predeterm ned active

di aphragm region has a total surface area of less than 9 square inches

whi | e having an operating resonant frequency of |ess than 900 Hz. 17. A

pl anar - magnetic trans@l&é&%{(}‘@&uﬁ%eﬁz%&ta‘lﬂsoﬁin@béﬁmﬂcﬁdﬁhkQﬁfsdugé conprising a

plurality of said transducers intercoupled source of serially

mount ed transducel eWP‘&WDW]ﬁ]WQﬂHdB‘EPB%‘ﬂé’éﬁ%Y‘b"P‘éW%?a"f'lli%ﬁ?‘lii‘ﬁ“ért ransducer .
18. A pl anar - magndidphragni i ok atd€6) equdils SR imakre tb Biaphihg psp nBadurell 4 t her

conprising at |ea a ructur sitioned and abutting between at
| east two adj acerglﬁhﬂﬁpgﬁﬁl%cgn%mﬁﬁems 'fcer%ag ‘'mnate the effect of nagnetic

~attractio® 30 forces Iﬂrom\pbltaemgneﬁcIlrgnsqh@damerfgnltﬂn@alpmﬁdiebmmm ned di stance
between at |east JiemBba iR dRHIRmERRN LY STRANRES aRRofIREHN 195 ener gy
magnetic forces do not interfere wth the predetermned tension of the

di aphragm 53 22 SP¥ed605 19. A pl anar-nagnetic transducer as set forth
inclaiml wherein thg. prﬁﬁﬂaiaﬁﬁzignmdmﬂdus&aﬂ@ﬂorbﬂimlﬂwﬁ&mih&aﬁ two of the
adj acent hi gh ener TR venty fiye thqusandths of an
inch. 20. A pl anaPrre-%mj &{]ﬁc%vetdla%mgﬁ‘ e@é’r Bﬁgm}if"’i?cg?é{e?\"ﬁxﬁs%ﬂn m 1 wherein the
5 predet é@nmi ned diwteambs. bet ween at | east two of the adjacent high energy
magnets is at |east @i neAMa&Pﬁéﬁﬁ&@Q&n%c&ks@t’}o&h@?&auaalvherélﬂ anar - magneti c

transducer as set forth inclaiml| wherein eterm ned di stance
bet ween at | east Wef@ﬁe‘l%‘é’eéﬁ?h&é’@ﬁ%mﬁﬁjﬁ*%W%@f#é%%ﬂﬂﬁps at | east one

hundred and fift ){;qﬂaﬁ@l&ﬁe’ﬁ@ﬂﬂd‘lﬁw@fmMmhﬁk&&onaﬁﬁre&%myﬁf]l@s’smmmgnet IC
transducer as set for cI ai m I Zasugb% of the adjacent

e n
hi gh energy magnets H \/e SR “?Jeﬁ%s 8488 B i ned di st ance
t her ebet ieen i s aperitiegustonmnfeeqiwatyfof fefyehanBaftthz. of one of the nmagnets. 23. A

bl anar mRgnel i ¢ L ansgueet pas el Ahbdlok B o dun WEESLR: Lhe | 19
predet erm ned di stance betvveen he at | east ener%/ magnets is at
| east predetermined active diaphragm region has a total surface area of less than

square inches while having an operating resonant frequency of less than 400 Hz.
15. A planar-magnetic transducer as set forth in claim 14 having an
20 operating resonant frequency of less than 300 Hz.

16. A planar-magnetic transducer as set forth in claim 4 wherein the
predetermined active diaphragm region has a total surface area of less than 9
square inches while having an operating resonant frequency of less than 900 Hz.

17. A planar-magnetic transducer as set forth in claim 4 further

25 comprising a plurality of said transducers intercoupled as a line source of serially
mounted trangducers which form a loudspeaker taller than one transducer.

18. A planar-magnetic transducer as set forth in claim 1 forther
comprising at least one spacer structure positioned and abutting between at least
two adjacent high energy magnets to climinate the effect of magnetic attraction

30 forces from potentially reducing the predetermined distance between at least two
of the high energy magnets so the high energy magnetic forces do not interfere
with the predetermined tension of the diaphragm.
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seventy percent of the width of one of the at |east two adjacent magnets.
24. A pl anar-nmagnetic transducer as set forth in claiml, wherg) :}gﬁ)
predet ermi ned di stance between at |east two of the adjacent hignﬁlg’ ay
magnets is at-|least 100 percent of the width of one of the at |east two
adj acent magnets. 20 25. A planar-nmagnetic transducer as set forth in claim
1, wherein the nounting support structure further i-ncludes forward support
structure coupled to the nmounting support structure and extendi ng across
~and forward of the diaphragmto elinmnate the effect of conbined di aphragm
tension forces and gnetic attraction forc f.rom potentjally reducing

t he predeternined di gﬁanc plangin e%\?ve%%nﬁé}ic?’iéssﬁtgfné‘c"é%?mnﬁ'gtﬁ%]?{sh? 26. A

pl anar - magnet i c tardriguineddistass betetenfteastiwe of teladijcent high epeighmagnete onpri si ng: a
rigid covering stigw’;eggtlgeeen@tﬁt,@,ﬁggﬂdtgsoof%fchmunti ng support structure and
havi ng open areas and cl osed areas which substantially cover one of said
first or 30 second s¥rf ot plangj-pegetigfransdyger ay sghdordnriyim d Whergip therar y magneti ¢
structuresbei ng ghrddachmel disRinéelberwban dfléastigo ST RGcknt high dnkigy Miggetand nount ed
over the first surffc? Si %E of th«te di aphragm said covering structure open
areas having acoUf et PP ayRpEReAm R, 25" July 2005 27. A pl anar- magnetic
transducer as set for2lh iAplalaamagndi? trassdice hasetdathdn dlairgl ethagdvibe | Ng st ructure
is ferrous conpositil.on: e i ey L e -chi A

pl anar - magneti c ﬁ%ﬁ%ﬁg@%mg%%gdg%g%%h I nﬁgf‘g#ﬁg%&é\%%g%%ﬁmsai d rigid

covering struct urieatlspshens bundredand fiirBepsdts ofguipdhst support structure flexing
5 and veryg hi gh magneni ¢ £ glskesaghcit GacHubyY adshgor @] e Divherei@unt ed hi gh

energy magnets gnd supporis the nai ntenance of predetermn ned di aphragm
Consi on cal i br atFgfe Bt B Bop s P IRORRGIRE R, for th |
claim1 wherein gredétemigeddstantetiesuonesn ivattl@stiond half e widpplof @dofthong at | east a
portion of a periphery of the 10 vibratable di aphragm and configured to
provi de danmpi ng properties to the diaphragm 30. A planar-magnetic
transducer as set forfh ihplepEnragnedo Peé?sﬁetf%‘bmql%ﬁi“’éﬁelbfhesai d vi scous

mat eri al 16s | i M fededrfin@ilisBhRBetRdeh B BiQealtiwd D chepfddgdels Rt letir f ace area but

extends into the sg'f%rgtjlz 1\)/£:?cerl;t ggjwourf]ldﬂ? I)f ()Eleh o thcé Iaﬂgars]twgar&}acent magnets.

24, A planar-magnetic transducer as set forth in claim 1, wherein the
predetermined distam.:e between at least two of the adjacent high energy magnets
is at least 100 percent of the width of one of the at least two adjacent magnets.

20 : 25. A planar-magnetic transducer as set forth in claim 1, wherein the
mounting support structure further includes forward support structure coupled to
the mounting support structure and extending across and forward of the
diaphragm to eliminate the effect of combined diaphragm tension forces and
magnetic attraction forces from potentially reducing the predetermined distance

| 25 between the adjacent magnets.

26. A planar-magnetic transducer as set forth in claim | further
comprising: ,

a rigid covering structure attached to the mounting support structure and
having open areas and closed areas which substantially cover one of said first or

30 second surface sides of the diaphragm,

the primary magnetic structure being attached to the mounting support

structure and mounted over the first surface side of the diaphragm,

said covering structure open areas having acoustic transparency.
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15 31. A planar-magnetic transducer as set forth in claim30 wherein
application of said viscous nmaterial is |[imted to an area of # ﬁﬁg ragm
outside and proximate to a |last row of magnets on each side o pri mary
magnetic structure but extends into the active region of the diaphragm

32. A planar-magnetic transducer as set forth in claim31, wherein 20 said
viscous material 1s a solvent based pol yurethane conpound. 33. A

~ pl anar-nmagnetic transducer as set forth in claiml wherein: said diaphragm

has a central region gnd h@aﬁaﬁz{rﬁiagﬂeﬁfg}a%a&:ertagﬁfoﬁﬁﬁcﬁmfiﬁ%th@n%ﬁ%d away from
said central region, said pri rnatr([};rﬂ%ftc netic structure has central region

magnet s and Iater%q’dmﬁ%m fup s f mpogitiongndpreyidstvaienttic shisldivg d cent r al

regi on nagnets, the pzaadet\@tamrmghe&:rtaﬁseﬂieﬁpmfonliﬁlcaiﬂn%&’enﬂsaﬂf t he
dlaphragmfromt netic, strycture being greater
at the central 458 o?géﬁﬂﬁgb rag%ﬁﬁ%ﬁgﬁwg?ugpoﬂéﬁhﬁw over at |east
one centr& nagne@dt’qlﬁalﬁglmag@qflefﬂr*m@wwyﬂdla@phmﬂagmmt@@lgbmg@zm ch are

posi tioned over & %asugﬁbﬁs!haﬁﬁﬁtalmgﬁﬂﬁ%ennﬁgdﬁgm&a% gar - mgnetic

transducer as set forth in claiml wherein at statirst of the
transducers is opfifi9%d for higher frequencies and attached to at |east a

second of the transdumder sAylamaeiagnstic@pdsihidtrz et fbrth iDPEmAtedaWN t0 a | over

frequency than t r.a duc r thereby for a multiway 55
22 July 2005 Ioﬂ%%teg'gl‘(%c?jhgnm%%wnﬁ?lfeys‘ 8’3&@%&%‘%@? gnef’h‘gfhel ncl udi ng at

| east a HiPgh pasgﬂmb@@n@gmfaﬂdQoeﬁgufed)topwmdwangmggnpbrﬁemﬁe transducer. 35. A
pl anar - magneti c tg icer conprising: at least one thin filmvibratable

di aphragmwith a first surface side and a 5 second surface side, including
a predeterm ned acti V& reQPHr-meEEsty tpeduers psptfpriidriclaing 39 wheseir egi on i ncl udi ng
a predeternined cpplickicd évhd Gitods a@RHAS BRI anGRAVRSdIoNEe @Rductaput el ectri cal

signal into a cor‘rlrgageo eagute «ACOUSL a&wg%%l oégwg.ﬁr%ggeti c structure including

at least three el ong nagnet r ows nt and substantially
paral | el o each ot héll w&ﬂwsamdnmgmuserwaﬁonhﬁﬂcldmﬂmghﬁn hi gh ener gy

product greater taﬂﬁ&t:&ﬁof@%c&@ﬂééma%iﬁft@% 2Rk 1B dﬂBH%%F g upport

structure coupled to primary magnetic structure e diaphragmto
capture the di apﬁ?daP&’FmaFFd?H‘aﬁ‘EOWOﬁmegﬂﬁWd@ihélﬁmfﬁmn@mm@n@ic t ensi on and
space it at predehefribiededs hloaRabtNgrefibdr e BRpHRsMar y magnetic

32. A planar-magnetic transducer as set forth in claim 31, wherein

20 said viscous material is a solvent based polyurethane compound.
33. A planar-magnetic transducer as set forth in claim 1 wherein:
said diaphragm has a central region and lateral regions that are a distance
away from said central region,
said primary magnetic structure has central region magnets and lateral
25 magnets that are spaced away from said central region magnets,
the predetermined spaéed-apart relationship of the diaphragm from the
magnets of the primary magnetic structure being greater at the ceniral region of
the diaphragm which is positioned over at least one central magnet than at the
lateral diaphragm regions which are positioned over at least one lateral magnet.
30 ' 34. A planar-magnetic transducer as set forth in claim 1 wherein at
least a first of the transducers is optimized for higher frequencies and attached to
at least a second of the transducers which is optimized to operate down to a lower

frequency than that of said first transducer thereby forming a multiway
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structure adjacent one of the surface sides of the filmdiaphragm 15 said
conductive surface area including el ongate conductive paths r“ﬁﬁ‘%ﬁ?zoos
substantially in parallel with said nagnets; the nounting suppor

structure, the diaphragmand the at |east three nagnets of the prinmary
magnetic structure having coordi nated conpositions and being cooperatively
configured and positioned in predeterm ned spaced apart .20 rel ati onshi ps
wherein (i) the nmounting support structure stabilizes the static and

dynami ¢ rel ati onsiidapdaet, WREmuthg 1ipakd: af r%ﬂdﬁmm&mgg{_ssﬁagnetl c
structure over and EE)etween ext ended periods of use and (i1) concurrently
resists the hi gh eUFflterfergruns said fisst adusent er act i ng between the at | east
three magnets which S®ul A gidaetiaghehierdnsiues fipasingt t h t he predet er m ned
tensi on of the diaphr 25 .sai d.pl I -magnet | ransducer bei ng operable
as a singl e-ended pl a%%toﬁ%%@ﬁ%%mggﬁg%aggrw §§’.S¥s aﬁfsé%ﬁf’-%agneti c
transducerd as set sefapd sunfagenide linglnding3pradbtrmaicdactiteacgion; seith predeermgiyed magnet s

conpri se neodym Ublive3donthoRlid PredbiBiehted dofiauk6ve BRAUGRE tRnsdingbOr th in claim
35 wherein the 30 hig en_eragy magnet s are neodym um magnet§ W th an energy

rating of at | easitPusslectrisplsignabigio a porpsspoanding sepuis @FPYS t r ansducer conpri si ng:
56 22 July 2005 at | emsgoetd@fuchilindlufihd alexs ifeadiaizhier hisphagm with a first
surface side and

second, surface sid i ncl udi ng a.predetermned active
regi on, said pr eo‘r"eei’icce({raa(‘gl a?leé“cfn&lsélté%im\?/agy Paéaglﬁlé%eaﬁﬁ’té?eﬁ‘ﬁ’i%ﬁ d DIGEREER e i ned
conduct i vV sur f aceingpildghfeneypoxvcegreatathareds mega@russ efseds midcal signal into a
cor r espondi ng acoust|§maﬁlﬁ@qﬁﬁporﬁsn§cdt&}?éﬁnﬁlﬁﬂgm§&9&8ﬂﬁa Luctyre coupled to
an e diap

the primary magnetic structure ) hragmto capture the di aphragm
hold it in a predéf&pfiprhegn docaphue Be disphragra,ibeld it i rpredpiermiveq satenf predet er mi ned
di stanci ng from tdsiopsndRpuce/it ApeRREnifed diStricihg frbh Gie pilhae@ihetone of the surface

sides of the filmdiaphta d i_mafr et.ic structure including at
| east three hi gh%cé'?rg%ac%{%ﬁgfgqeéﬁaﬁ%e%ggﬁgpﬁ%ﬁ'ﬁ%%d adj acent and

substanti®l |y paral | esidcendesivdsubictren incutling dengiic sadpisie patisananing an ener gy
product of great %ﬁbsmﬁygﬁargﬁ%gg&lﬁa}?ﬁgr steds; said conductive surface

area including el ongate conductive p running substantially in parallel
with said magnets; the mounting suppert structure, the diaphragm and the at least three

magnets of the primary magnetic structure having coordinated comipositions and

being cooperatively configured and positioned in predetermined spaced apart
20 relationships wherein (i} the mounting support structure stabilizes the static and

dynamic relationship between the diaphragm and the primary magnetic structure

. over and between extended periods of use and (ii) concurrently resists the high

encrgy magnetic forces inferacting between the at least three magnets which
would otherwise interfere with the predetermined tension of the diaphragm;
25 said planar-magnetic transducer being operable as a single-ended planar-
l magnetic transducer.
36. A planar-magnetic transducer as set forth in claim 35 wherein the
high energy magnets comprise neodymium.
37. A planar-magnetic transducer as set forth in claim 35 wherein the
30 high energy magnets are neodymium magnets with an energy rating of at least 34 -
mGO.
38. A planar-magnetic transducer comprising;
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t he nounting support structure, the diaphragmand the at |east three 15

magnets of the primary magnetic structure being cooperatively ﬁ)rufl gwfd
and positioned in predeterm ned spaced apart relationships; & é%\ Wo

of said high energy magnets being adjacently positioned in a predeterm ned
spaced apart relationship wherein adjacent poles of the adjacent nmagnets
have nonshared, -Local i zed magnetic | oops represented by .l ocal |oop 20
energy maxima in a plane of the diaphragm which are respectively greater

than a shared energy imaﬂ.a a.c ral. positian between fhe adjacent
pol es and  ext endi ng Eét:?e‘égrglanea sﬁhﬁrvé’ggﬁ'fﬁﬂﬁ%bﬁg@‘Y‘%S%ﬂtosf'gatc?l%‘ﬁlﬂ’é‘i%ecti ve
adj acent pol es i nsepduasurfpde side inolidingpepradeterpinedagtive regiondaipbredsrmimignet i ¢

transducer being RRRS RN GcAdngs RldReEiefRNRR ARG aea APcliRAREL C transducer.
39. A planar-nmagneti éég?#larﬁsdu%eé as sgt gorthgl?fral glregi rr?038, g/%der ein the

predet er ni ned act oM elpoigpl signahinte 2 soregpongdinggequstis e8PWr ea of | ess than 150
square irghes, yet gemRehedgeppart Mu@lie RAFID the prikbinihtendiadtusigre an upper audi o

bandwi dth ext endi own to a |ow range audio frequency. 30 40. A
pl anar - magneti c t%ﬂgﬁ%g‘ﬁ%‘%ﬁmg"&%ﬂgﬁ gf?pg’%g?'ﬁmglltél}arﬁ ?"“f”ﬁ%lsttﬁ’ieecl? conprising a
plurality of adj aewivhhnd spaosit 4t predetsdniied gistaseivg ifrgy thepomet saghaivi ng  respecti ve

| ocal | oop ener gygaxi WREE B RukaR i dTB 1AL kY i | oop energy maxim
in the plane of tshe diggernagm hgvlé agﬁlﬁeﬁggy@%%&% ch is greater 57 22

July 2005 than an avisfuagyamagustiqtruce pgiedingiat Ipash faspechich energieslongatpdr al  posi ti ons
in the plane of thndd phpdaraaesm BetWRaRalPsarA8 KA o witleRE ARineP0l €s of the

adj acent magnets., 41. A pl anar- netic transducer as set forth in claim

38, wherein the h?ﬁ&‘?a&ﬁnegﬁ%'é’fﬁgvt‘@ t?‘Féhaf’ggﬁ'EFagff’@%&%?‘ ‘han 90 percent of the

| ocal |-oop energy 5 nmidicomductikBurfabe pladmhidingrelginet coadittivapaldueeing as set forth

in claim 38, Mersgﬁsgngaﬂﬁnpmvﬁﬂsgm%&s_i s no greater than 80 percent of
43. Ap i

the I ocal | oop energy. anar - netic transducer as set forth in

cl ai m 38, wherein t hethenyaing giressetenis, Sie dighgea auddhe of lastthrds per cent of the

l'ocal | oo ener gymdRosiofe prikidryithgnelic it abeidyRepahiivaly tonafisdueer as set forth
in claim 38, V\her%%i.@%ng. redeterm nsd di stance between the |ocal | oop

energy maxi ma forP ctepmingth saced prart latonslips ot o y equal to a separation
di stance between t he atleast two of said high energy magnets being adjacently positioned in a

predetermined spaced apart relationship wherein adjacent poles of the adjacent
magnets have nonshared, localized magnetic loops represented by local loop

20 energy maxima in a plane of the diaphragm which are respectively greater than a
shared energy maxima at a central position between the adjacent poles and
extending along a shared magnetic loop of the respective adjacent poles in the
plane of the diaphragm;

said planar-magnetic transducer being operable as a single-cnded planar-

25 magnetic transducer.

39. A planar-magnetic transducer as set forth in claim 38, wherein the
predetermined active region has a total surface area of less than 150 square
inches, yet generates a high acoustic output having an iipper audio bandwidth
extending down to a low range audio frequency.

30 40. A planar-magnetic transducer as set forth in claim 38, further
comprising a plurality of adjacently positioned high energy magnets having
respective local loop energy maxima, wherein the majority of local loop energy

maxima in the plane of the diaphragm have an average value which is greater
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correspondi ng adj acent nagnets. 45. A planar-nagnetic transducer as set
forth in claim44, wherein the 15 predeterm ned distance bet \Affj]ul Q&ﬁ ocal
| oop energy maxima for adjacent nagnets is at |east seventy fTVv

t housandt hs of an inch. 46. A planar-magnetic transducer as set forth in
cl'aim 45, wherein the predeterm ned distance between the |ocal | oop energy
maxi ma i s-at l.east ninety thousandths of an inch. 20 47. A pl anar-nmagnetic
transducer as set forth in claim38 vvherel n t he predeterm ned di stance
_between the | ocal gﬁﬁgg gast 100 ercent of the width
of the magnets. %&%&eﬁ%ﬁg@%f tr(‘:?’?:lL thﬁﬁeélﬁz Bosmons HFFOrth in claim 38
wherein the predb”cpbf?@iWe@ﬁaﬁwdmen?mlemfﬂ@ﬁ@mrpmm%en any two of the

at least three 25 adjjacefplanslingietR ReHs@ier TOGI6SH bifim3b, whEdE e SEVENtY five
t housandt hs of an_ inch. 49. A planar-mgnetic t ransducer as set forth in

cl ai m 38 wherei n ¥H cne&yéﬂf‘émr‘sﬁf’ﬁréﬁeréhﬁ& reephofithe lgcaliloop eRsHEShi p bet ween any
two of thé at | easdxintahree adj acent, hi gh energy magnets is at | east ninety
t housandths of an inch. 5 netl as.set forth in

cl ai m 38 wherein the 30 'QPIE“@ '?éegr%%%%%ngg 3 ap ar?m:;% &?rfl?)ﬁlghl p between at
| east two of the Sh%mdlem'tisQomreeterthaaaﬁ)mmtpfthﬁoghocemwggy magnets is at |east
one hundr ed and {1 t Yast hOMpi@ARkSer? rrfhoerWIElTorn BPoyid 29 Whiki2B0S 51 A

pl anar - magneti c tf: sducer as set forth in claim ereln the at |east
three adj acent, ﬁqeﬁﬁﬁﬁ?%§%§5%§%°w°%@%§iaﬁ% and the

pr edet er oned spaced-4a.parAp1mﬁ}mgh@aﬁuhﬁ@cdaﬁtsw&mua&auhm%er&uw of said

adj acent magnet a of. one of the adjacent
magnets. 5 52. A cfl%er?g%rndd%gﬁceetbgwe ?lal}logéioo%emr%m? af?rc?Elﬁ? n claim 38,
wherein the pr e@@wﬁmawﬂsq%xm@l*apaqptmtmeﬂmncommwhéaet ween at |east two

of the at |east (I GRndiRdlRERRagnefli gh- €NEr gy magnets is at Ieast seventy
percent of the width of one of "said adjacent nagnets.

pl anar - magneti c trans&uce‘rplﬁ’é"%f‘e“?ﬁ“fq‘lcefﬁS@ﬁ%‘?‘ﬂ%“@ﬂ”%ﬂ@%ﬁ“‘fﬁ? he 10
pr edet er féned sp@&eatbrraipairdistaﬁcﬁlbaweﬁ)mslbb@lob;ﬁén&@ﬁﬁaxﬁﬁafbr@dj&&enttWO of the at
| east three adj acen{sisa' 1 SNeEay, 1 totsaniischat | east 100 percent of the
wi dth of one of sard adj acent” nmagnet's Aea-
46. A planar-magnetic transducer as sct forth in claim 45, wherein the

predetermined distance between the local loop energy maxima is at least ninety
thousandths of an inch,

20 47. A planar-magnetic transducer as set forth in claim 38 wherein the
predetermined distance between the local loop energy maxima is at least 100
percent of the width of the magnets.

48. A planar-magnetic transducer as set forth in claim 38 wherein the
predetermined spaced apart relationship between any two of the at least three

25 adjacent, high energy magnets is at least seventy five thousandths of an inch.

49. A planar-magnetic transducer as set forth in claim 38 wherein the
predetermined spaced apart relationship between any two of the at least three
adjacent, high energy magnets is at least ninety thousandths of an inch.

50. A planar-magnetic transducer as set forth in claim 38 wherein the

30 predetermined spaced apart relationship between at least two of the at least three
adjacent, high energy magnets is at least one hundred and fifty thousandths of an

inch.
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54. A planar-magnetic transducer as set forth in claim38 wherein the

energy magnets a
15 n0.

re neodym um magnets with an energy rating of

55. A substantially single-ended pl anar-nagnetic transdu

hi gh

Julljf(ﬁk 34

c

conprising: a thin film diaphragm having a fast surface side and a second

surface
i nput electri.cal
| east one di aphr
magneti c structu
configured with

20 signal into a correspondi ng acoustic -outp
agmincluding a predeterm ned active region,;
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July 2005 57. A planar-nmagnetic transducer conprising; athinfilm
4 Plprarpegnsliq fangdupeg ay setdprfbrnleim 3§ wherain{hq udi ng a
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el ectrical 5 sig
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55. A substantially single-ended planar-magnetic transducer
comprising:

a thin film, diaphragm having a first surface side and a second surface
side and including a conductive surface area for converting an input electrical
signal into a corresponding acoustic output, said at least one diaphragm including
a predetermined active region;

. a high energy magnetic structure having sufficient magnetic field strength
and being configured with respect to the diaphragm to drive the diaphragm as a
substantially single-ended audio transducer; and

mounting structure coupled to the diaphragm to hold the diaphragm in a
predetermined state of tension and at a predetermined distancing from the high
energy magnetic structure over an extended period of time including periods of
use and nonuse;

said diaphragm having improved performance characteristics by using a
polyethylenenaphthalate film as a base material for the diaphragm.

56.

including a low mass high temperature polyurethane cross linked adhesive for

A planar-magnetic transducer as set forth in claim 55, further

bonding said conductive surface areas to the film diaphragm.

59

predetiér mi ned gt e of tension and at a predeterm ned distance fromthe




energy magnetic structure. 58. A planar-magnetic transducer as-set forth in
- claim57 wherein the high energy magnetic structure conpri ses%é:%?d i um
magnets with an energy 15 rating of at |east 34 n30 59. A pl X%Metic
transducer conprising: at least one thin filmvibratable diaphragmwth a
first surface side and a second surface side, including a predeterm ned
active region, .said predeterm ned active region including a predeterm ned
conductive surface area for converting an 20 input electrical signal into
a correspondi ng acoustic qQutput: primary magnetic structure including at

| east three el ongat ed%‘rag%@ﬁagar'"{g?% %%“S&%ﬁ“afv‘e PSU&%nd substantial ly parall el
to each other with at athadin diephegrohavingk Gont sefjreanda e funfyeea@fid hi gh energy with
each having an en r : . - ss Qersteds; and

6RO sﬁifac&{r&l%&gfe%%mft%ﬁ,eaphﬁ%ﬁ RS gy

25 a nmounting support structure couple C ] y magnetic structure
and the di aphr agn®Pesrassprolypsthang gros fiskshadhesive fon esnprting an ippugelgstisdlet er ni ned
state of & ensi onsigAidnts PG pitin@icoREEABLEHLNINEG: Hib SiphALh ROudifom t he primary
magnetic structure td' ac&nc?j one surface side of the frlmdiaphragm said
conductive surfactar e T FITHE el ongat e conductive paths running 30

substantial ly in par ahigi enspyt imgeesié gructirghaeing sufffrieyt noignetibizidatredgast t hree
adj acent nagnets Jgj j : . | ol ari orientation in
relation to an adj ac%%t°9'ﬂdé'§§}ea§?p°%‘g°‘%§m%e% %glggg%saégsdn%ﬁn%ry magneti c
structure havi ng #tio frasdueeniapt ee adj acent rows of side by side magnets with

at | east 18n outer tWomsahsg s@fctuteldfupRE tol1RAIBphrdgH S Fold BVMBapRhem HBINEL S provi di ng
| ess magnetic fiel Str%‘? th_throu t he cond;ig_tlve surface area of the

di aphr agm t han prigVFEREet ol priv A Lot igtepos Somthebighas of the 5

di aphragm by a centrgrmagoatic gfucttirie magnet s; sai d pl anar-nmagneti c transducer

operating as a singl esendegpl Al IRANGH s%ﬁééhaé‘ﬁggg‘?&-ag?ﬂﬁegAat

pl anar - magneti c transducer-as s In clarm PNeT Ut | east
five adj acent rokishshergyansensticstrygiurecomprispsegedymiumanagnstsamith prmeszyof sai d fi ve
rows 101ef nmagnedme prONisHangsd. ess magnetic field strength through the
conductive surface ar ga 84 t he di aphragm t han provi ded through the
conductive surface arda of P{fgmagnetic ransducer compnsing:

at least one thin film vibratable diaphragm with a first surface side and a
second surface side, including a predetermined active region, said predetermined
active region including a predetermined conductive surface area for converting an

20 input electrical signal into a corresponding acoustic output;

primary magnetic structure including at least three elongated magnets
placed adjacent and substantially parallel to each other with at least one of said
magnets being of high energy with each having an energy product of greater than -
25 mega Gauss Oersteds; and

25 a mounting support structire coupled to the primary magnetic structure
and the diaphragm to capture the diaphragm, hold it in a predetermined state of
tension and space it at predetermined distancing from the primary magnetic
structure adjacent one surface side of the film diaphragm,

said conductive surface area including elongate conductive paths running

30 substantiafly in parallel with said magnets;

any of the at least three adjacent magnets being oriented to be of opposite

polarity orientation in relation to an adjacent magnet;
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di aphragm by a center row of magnets. 61. A planar-magnetic transducer as
- set forth in claimb59 wherein the prinmary magnetic structure 4

neodym um magnets with an energy rating 15 of at |east 34 df@y%&ﬁ

pl anar - magneti c transducer as set forth in claim59 wherein: said

di aphragm has a central region and | ateral regions that are a distance
away fromsaid central region, said primary magnetic .structure has central
regi on magnets and adjacent 20 lateral nagnets that are spaced away from
said central region magnets, the predeternined spaced apart relationship of
t he di aphragm fr om t h& Fmgy spgretsstyches havingphlesst thiagpdiseanirowtafside ur e bei ng
greater at a cent belide meghkORitOR lehsha ould RPRAHMQVIRL thte h@Agt one central
magnet than at th eral region r at |least one | ateral nmagnet. 25
63. A nethod for ﬁ%’ﬁ%pé{vﬁnﬁéesgﬂéq@ ?ﬁ%{‘f%rﬁﬂ 0‘5811]19&"["9‘8}‘:"36‘?&&56 si ngl e- ended
pl anar - magnet i ¢ t#eyeSlediehragintheriprayided thoagh te coddiativd sutfre st phthedgm Wi t h a
first surfsmce sidgapgf @&g&g%&ﬁg&g@g\?.si de that includes a conductive
region which is positioned and spaced froma primary nmagnetic structure

i ncl udi ng hi gh ener gdRipprTmametsiarsianoasatingizss siBlewm@aiplaai-d cal i brati on
relating to i) prmgedic Bsdugaci ng between the high energy magnets, ii)

magnet to di aphragm spaci and i roper,_tensioning | evels for an

ongoi ng predeterm nededi a%ﬁl?nﬁﬁﬁ??%“ﬁg?%ﬂgm S&ffﬂ‘tbd’éflﬂ’&as’l“%t&""@df ng the steps

of . 61 22 July 2008 fivegdjecestipes dagnets yittcad st tyu bitergova ofdajdmios fowst r uct ure and

posi t1onidag the MelnBlft g TROShSIc Ahia b ab IR ¢ JRAARI LGS T UCT UTE Tn 2
a i p

predet er m ned space part relatlons ereirn the noun.laﬁ% support
structure stabi | i%aef thafiaphspan fhgnprovidedghreneh the eqndugtivegnriaceand ofbmicur rent | y
resi sts high enerdgyhrgaghetdntr oRob8fEnds. i Nt eracting between the high energy
magnets so as not to6ilnt e}{fier(_a W t.h thde re(r:}er&ler m._ned di aphragm t ensi on;
and, b) attaching the di ap%?’nﬁrg’PﬁgPegcf’Wéugeﬂ%ﬁBt‘f & 94 pwhsreidhe hat t he
predet er m ned di aphraygsEetesgicor iichids béodymmen megnets wittomgna@idingise. 64. The
met hod i Rscl ai m @8, tneidgidng the further step of: 10 c) placing an

i nt ermagnet spacer structure abutting between the adjacent nmagnets.
62. A planar-magnetic transducer as set forth in claim 59 wherein:

said diaphragm has a central region and lateral regions that are a distance
away from said central region,

said primary magnetic structure has central region magnets and adjacent

20 lateral magnets that are spaced away from said central region magnets,

the predetermined spaced apart relationship of the diaphragm from the
magnets of the primary magnetic structure being greater at a central region of the
diaphragm over at least one central magnet than at the lateral regions over at
least one lateral magnet.

25 6. A method for maintaining calibration for operation of a single-
ended planar-magnetic transducer which utilizes a thin film diaphragm with a
first surface side and a second surface side that includes a conductive region
which is positioned and spaced from a primary magnetic structure including high
energy magnets of greater than 25 mGO, said calibration relating to i) proper

30 spacing between the high energy magnets , ii) magnet to diaphragm spacing, and
iii) proper tensioning levels for an ongoing predetermined diaphragm tension,

said method including the steps of
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65. The nethod in claim64 including the further step of: d) attaching a
rigid, acoustically transparent bracing structure over the seg)#ﬁgr 5f ace
side of the diaphragmand to the nounting support structure I rtuart her
stabilizing the predeterm ned di aphragmtensi on and for protecting the

- di aphragm 66. The nethod in claim®65 including the further step of e)

posi tioning the high energy magnets in a spaced apart relationship to
provide a |lower value for a shared nmagnetic energy naxi na between two 20
adj acent hi gh energy magnets and in_the plane of the diaphragm centered
between the adjacent #hi gPropsmiivey copfgyrReasummernt toshpadnd dositionihgrbal | oop

magnetic energy  NBHCnegy thagndid @ hDhBRey iiondib @bt BRpREMARSAGIAL €d. W th
respecti ve adj acent lpp&eﬁjéFi f the adjacent nagnets. 67. A nethod for
reduci ng di storti BA TRIES ‘ﬁ’ﬁﬁe’é- TRnE fupRe Y srucyes sibilizesths Rimaa ns ducer

including a pri rrama}gnﬂiagwemﬂe@dsbﬁcmﬂmesis&m@panefgpuﬁmmomsupport structure
Fogi on wi th sai d Serrar AR BELUGDE AR R Rt T he steps of |

region with said peripf ' _ me including the steps of i)
attachi ng the vi breetamined ¢isphpem igasiantasdt he nounting support 30 structure

such that it is nountgd a&uamng%hﬁﬂmgﬂ%ﬂh@uammkmﬁtﬁ%mesaid primary
magneti c structure %]nd.h %,d in a statg of predetermned tension, ii)

appl ying a | ong (B C’W§‘£ Aplragpy fepsion 5 oblaiped quer lone-feBSE- 4 portion of the
peri phery of the vi brét ablte ndihatihclsnss indiddind2heFurthyr sRPOH 68. The net hod of
claim 67 qherein said,vis rial is ol vent . hased pol yur et hane
compound. 69. The net Bod pg%m%fiﬁ?% %‘g}gtv%aé}?ré'l%ﬁarseaa?“ n%lb'%gegﬂ *material is
applied to the dfiagsHrmagivisand t he di aphragmis made of

pol yet hyl enenapht hal agse fihlemhmofaﬂ&mls‘hﬁaﬁ@;gm%rm&s%@f’! m 68 wherein said
sol vent based pol yurefhane  viscqus material is applied to the diaphragm

and the di aphragm i s Yrade@sPine HRd arpsalyEaspamnt iring Eudyre oFer 71. A net hod
for reducing di sti@mstcominuife sdesf hedigphageed wahamnanting BRgRethdrd r ansducer

e 40 . P AR RS U B e oo
diaphragm.
66.  The method in claim 65 including the further step of:
e) positioning the high energy magnets in a spaced apart relationship
to provide a lower value for a shared magnetic energy maxima between two

20 ' adjacent high energy magnets and in the plane of the diaphragm centered between
the adjacent high energy magnets as compared to local loop magnetic energy
maxima in the plane of the diaphragm associated with respective adjacent poles
of the adjacent magnets.

67. A method for reducing distortion in 2 single-ended planar-

25 magnetic transducer including a primary magnetic structure and a mounting
support structure and a vibratable diaphragm including a peripheral boundary and
conductive region with said peripheral boundary;

said method including the steps of:
i attaching the vibratable diaphragm to the mounting support

30 structure such that it is mounted at predetermined distancing from said primary
magnetic structure and held in a state of predetermined tension,

i)  applying a long term viscous material along at least a portion of

the periphery of the vibratable diaphragm.
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- peripheral boundary and conductive region within said peripheral boundary,
said nethod including the steps of; i) attaching the vibrat abI ﬂ%??

to the nmounting support structure such that it is nounted at ‘predeterm ned
di stancing fromsaid primary 15 nmagnetic structure and held in a state of
predeterm ned tension, ii) attaching at |east one electrically conductive
non- magneti c sheet structure with acoustically transparent areas such that
sai d sheet structure has at |east a surface area placed between at |east
two rows of said multiple ty of the
magnetic fiel d above Jt;he Tﬁe%oygmﬂ%‘!a@ig'%@ﬁga%wstgﬁ&%}{tg?a‘ alvﬁﬁﬂn wherein the
electrically cond@@@l’ﬂ’)@fwmpqusd made of copper. 73. A nethod to inprove

| ow frequency perforn@ncemfmeamcsdfegﬁnaw“@aslsséld%eﬁ%at@iag@s‘apha transducer for
t he purpose of m ni m zi n nuities _and |rrprOV|n integration to a
B A Ry o

| over frequency M a@ﬁf‘ﬂ“ﬁP%ﬂ?&’Fﬂ"f’rﬁﬁ%@lﬂ?ﬂ@ i nsducer

i ncluding5a primary n‘H)gneTheGneﬁbd'dfeIhlmrﬁﬂwhéf&hlﬁid&dvéuﬂba@ed$hljﬁ.@éﬂ{aﬁe structure and
a vibratable thin, i e active region, a
conductive area w t%uls Q@?%@f&g&gﬂ%%p% %ﬁ q‘a ﬁmé%'f’%?le igl enments within
the conductive arpehsthdesprdphttialats filk. | m di aphr agm be| ng nounted to said

nmounting support 30 Al ugtidh& Bl dilohtidn f RhpEelded filnied state of tension
and predet erm ned g g? froms d primary magnetic structure, said method

i ncl udi ng the st ms"%%"”? difg | primsyBagnetis straguye it Ayitiele opeofst one

el ongat edohi gh enﬁgg:;samﬁndymmpmmddﬂdsmﬁawmmgmm&@m@w Cc structure,
and ii) setting I t 0 essth n limeter. 74. The
nmet hod of claim %gﬁpmﬁrgﬁbg@nirg%?qé&g'gg‘%a%g?lr‘?'lldﬁue'séf“ddagﬁp rgﬁ’f)@gagy 5 than 0.75
mllimeter. 75. The reidpatoddfcldingthestepgofpher ei n sai d predeternined gap is
less than 0.5 millingterayachfle th?hﬁat&(ﬁédi&ﬁﬂa@ﬁm%ﬂioﬂﬂtiésu%ﬁr ein all magnets

of said primary nmagnetic structure conprjse_neodym um nmagnets. 10 77. A
net hod for incred%¥ sg‘ihél?‘?hlflsﬁ‘ﬁ‘lnf?ﬁ?tpﬁcﬁ%‘?i‘ﬁﬁ“ﬂdc‘s;'ﬁ“%‘l'g%?ms‘?‘ﬁg‘%nded

16 magnetic structure and held in a state of predetermined tension,

ii) attaching at least one electrically conductive non-magnetic sheet
structure with acoustically transparent areas such that said sheet structure has at
least a surface area placed between at least two rows of said multiple rows of
magnets to improve linearity of the magnetic field above the magnets.

20 72.  The method of claim 71 wherein the efectrically conductive sheet
is made of copper.

73. A method to improve low frequency performance of a single-
ended planar-magnetic transducer for the purpose of minimizing discontinuities
and improving integration to a lower frequency speaker system,

25 said planar-magnetic transducer including a primary magnetic structure
mounted to a support structure and a vibratable thin film diaphragm which
includes an active region, a conductive area within the active region and
conductive elements within the conductive area,

said thin film diaphragm being mounted to said mounting support

30 _ structure and held in a predetermined state of tension and predetermined gap

| from said primary magnetic structure,
said method including the steps of;
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pl anar - magneti ¢ transducer having a fundanental resonant frequency and
potential |ow frequency range down to frequenci es bel ow f our hgfﬂp go&prtz
and a vibratable diaphragm area of | ess than one hundred and Ti § Square
i nches, said planar-nmagnetic transducer including a primary nmagnetic
structure 15 nounted to a nounting support structure and a vibratable thin
fil mdiaphragm..including a conductive region, said thin filmdiaphragm
nounted to said nounting support structure and held in a predetermnm ned

state of tension and ed 1 .S Q| i netic
Ry edelGaHY MRk S20o gatg@ﬁ%aeg%ﬁﬁa%&x malR0

structure, 20 said nethod i1 ncluding the™s I ncluding high energy
neodyni um nagnet ssHd BEag aERchigstyotitrashet i ¢ structure, and ii) adjusting

sai d predeterm ned gap) t 0sdi@g Gid fiacterRBRd #5b ko 1és5BrOhe milifseted N€ et hod of claim
77wherein said diaphragm ajea i ss..than 2 00 square .inches. 79. The
net hod of claim 77 wh feiﬁkgﬁﬁﬁﬁﬁﬁgﬁh a eﬁF@@”%nggggy?Hﬂﬁs 30 square

i nches. 8® The nta{bH moifimedrai m 77 wherein said | ow frequency range is |ess

than el ght hundred Hejsz apdigh b olaPrvhobf S @i Puflidill et ers and

di aphragm 30 area is less than ten square In net hod for
over com ng t her mef®143milletgs a thin fil mdi aphragm and attached conductive

el ements while increa&ingTﬁﬁMﬂﬁd@%ﬁﬁﬂ&mﬁmaﬂhﬁﬁﬁmaﬁﬁaﬂghhhﬁy of a
si ngl e- ended planar-gp netic transducer, 64 22 July 2005 "said
pl anar - magneti ¢ tTEREaUCEP™ i AR EU A ™ 98Pt abl e thin fil m di aphragm

i ncl udi ngt%a conduct i v¥. suAfmeibel fariszeasnedsigalvulptticapatsikiynelta single-ered) nmagneti c
structure nounte i id thin filmdi aphragm
dngngaﬁa Uhddddl: SHRRQ kgl S ge@gué;’gm phrag

bei ng nounted to salc unt1 ng support ructur eing held in a
predet er mi ned st @B} oY Eppypnsnranas doyte freuenciad helow fougbypded Mae sdi d pri mary

magnelti c struct !Jreﬁfibrﬁébiediaﬂﬁigﬂg&abﬂé&k!ﬂﬂidﬂghdnmgdeﬁﬂé_ Qhard RRGLUdI Ng at | east
one el ongated hi gh ener,gy neodyni um magnet in said primary magnetic
structure to reduce asaltdgéffi"fnéﬁg Cﬁﬁﬁ{l“"ﬁg’w@ § BRI GReEHe SBERY pressure

15 mounted to a mounting support structure and a vibratable thin film diaphragm
including a conductive region,
said thin film diaphragm mounted to said mounting support structure and
held in a predetermined state of tension and predetermined gap from said primary
magnetic structure,
20 said method including the steps of:
i) ncluding high energy neodymium magnets in said primary
magnetic structure, and
if) adjusting said predetermined gap to less than one millimeter.
78.  The method of claim 77wherein said diaphragm area is less than
25 100 square inches.
79.  The method of claim 77 wherein said diaphragm area is less than
30 square inches.
8.  The method of claim 77 wherein said low frequency range is less
than eight hundred Hertz and said gap is less than 0.5 millimeters and diaphragm
30 area is less than ten square inches.
| 8l.  Amethod for overcoming thermal limits of a thin film diaphragm
and attached conductive elements while increasing sound pressure output

capability of a single-ended planar-magnetic iransducer ,
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10 level and allow ng increased sound pressure |evel before reaching the
thermal limts. 82. The nethod of claim81 including the furtﬁefulfﬁ(ﬁﬁ of :
i) using polyethyl enenapht hal ate as the vibratabl e thin diaphragm1o
increase the thermal limts. 15 83. The nethod of claim 82 including the
further step of; ii) using a |l ow mass hi gh tenperature pol yurethane cross

| i nked adhesjyve for bonding said conductive elenents, to t.he filmdi aphragm
to increase the thermal limts. 84. A planar-magnetic transducer

conprising: 20 at |eag{ pARe b dabshi iRl 20bRatill @RBRAIM Wi th a first

surface side and a second surface side, 1ncluding a predeterm ned active
region, said prediPbps kdutiog3equdistivesurdacenseaiapta T R PUBRSY er i ned, el ongat e
conducti ve surf acggadtieafictr® mbixekd toQfmoantd spprisinyetuef conductive el enents for
converting an input elecgtrical signal into a.corresponding acoustic
output; 25 a nounti ngsmgg]“b“p%’?t%‘a tﬂ#@f‘ﬁ%%"“&%w LB EREERE i mary nmagneti c
structured and t heuctircgpibeingirild b apedttamnzed shae offiemph prigredetémplnell it in a

pr edet er mi ned st . i ce it at predeterm ned distancing
fromthe pri naryag%ggne?ta}d? s_% ?‘%@tgd&gtémaa% acent one of the surface sides of
the film di aphragm aadmphedisdludingfhgpierafc structure including at |east three
hi gh energy, el Onma&@gau@a@mﬂmaaﬁ&@h@ha&@n@dﬁﬁﬁﬁmgnawsawhﬁwnti ally
parallel to each other with e?%c magrnegt havi p? an enetiﬂ%a roduct of
greater than 25 MEFEICEHULYe BEPLE A FEYreG Pt RIVE OFEVBFOBLTE Y gh ener gy
magnet s 0@ ng adjleclent dilywippbértascdnadd pressae leyp! ebetrexckingiixdhepadced apart

rel ationship whengjn adjacent poles of the adjacent 65 22 July 2005
magnets have nonshared, |ocalized magnetic | oops represented by |ocal |oop
energy naxima as wel 182as '@H&Ffé@%@ﬁgi iﬂélufﬁuéﬂd?fsﬁg‘ée't%@ﬁh the respective

adj acent poles of the high Wﬂlgyueﬁ@me%mgabﬂam@mb@ﬁmt@urface area
runni ng substanti,ally p raltel, to sard magnets 5 and nore proximte to the
| ocal | oops of tﬁ‘gmﬁ%{j’ﬁ%’éﬂ’é ltﬁ’i’ts‘magnets than to a center point of the
shared nd§neti c | oopB3ibetThe emhddoécladjsamelndingtedinthbrstep sfai d pl anar - nagneti c

t ransducer bei ng operiﬁlbl %ﬁ@aﬁwﬁaﬂ%gﬁfeﬁxﬂgﬁﬂe&ﬁﬁﬁéﬁﬁe JURGAEYI ¢ transducer.
adhesive for bonding said conductive elements to the film diaphragm to increase
the thermal limits.
84. A planar-magnetic transducer comprising:

20 at least one thin film vibratable diaphragm with a first surface side and a
second surface side, including a predetermined active region, said predetermined
active region including predetermined, elongate conductive surface areas formed
of a plurality of conductive elements for converting an input electrical signal into
a corresponding acoustic output;

25 a mounting support structure coupled to the primary magnetic structure
and the diaphragm to capture the diaphragm, hold it in a predetermined state of
tension and space it at predetermined distancing from the primary magnetic
structure adjacent one of the surface sides of the film diaphragm; and

primary magnetic structure including at least three high enel;gy, elongated
30 magnets placed adjacent and substantially parallel to each other with each magnet
* having an energy product of greater than 25 mega Gauss Oersteds;
at least two of said high energy magnets being adjacently positioned in a

predetermined spaced apart relationship wherein adjacent poles of the adjacent
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85. A transducer as set forth in claim84, wherein the conductive 1

0
el enents are substantially parallel to the el ongated magnets aﬂfhﬁﬂﬁb 5
conductive surface areas are nost proxinmate to the respective TocC qQop
energy mexi ma associated with an adjacent nagnet. 86. A planar-nmagnetic
transducer as set forth in claim84 wherein the high energy nagnets are
neodym um-magnets: Wi th an energy rating of at least 34 15 nGO. 87. The
transducer of claim 84, wherein the respective conductive surface areas

are appr oxi mat el ymgRR! Rl EMnANEL Ibds ket LpoRSeaheatfi@tRy; hi gh energy

magnets. 20 66
9 _ energy maxima as well as shared magnetic loops between the respective adjacent

poles of the high energy magnets;
said conductive surface area running substantially parallel to said magnets
5 and more proximate to the local loops of the high energy magnets than to a center
point of the shared magnetic loops between the adjacent magnets;
said planar-magnetic transducer being operable as a single-ended planar-
magnetic transducer.
85. A transducer as set forth in claim 84, wherein the conductive
10 elements are substantially parallel to the elongated magnets and the conductive
surface areas are most proximate to the respective local loop energy maxima
associated with an adjacent magnet.
86. A planar-magnetic transducer as set forth in claim 84 wherein the
high energy magnets are neodymium magnets with an energy rating of at least 34
15 mGO.
87.  The transducer of claim 84, wherein the respective conductive
surface areas are approximately centered over the local loops of adjacent high

energy magnets,

20
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