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magnetic speakers. This third area represents a bridging technology between

these two previously recognized general areas of speaker design; combining a
magnetic motor of an electrodynamic/cone transducer with a film-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
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push-pull device is illustrated In . This structure Is
characterized by Sf6¥verHyRelaps- “ﬁgqewgeak%anéﬁﬁﬂgﬂmlsé%&ﬂﬁs%ﬁ%%?ﬁ ed by

perforate subst ropémdimn Wil be gidén. amﬂmgtbmaﬁatmacm&%ﬂm@e—ﬁudes of a
flexibleglaphra m 12 |ch| F a&ﬂ Il\{e coaab,, é The filmis
tensi oned”into a &n%f SRR Ve o 'i°8“§f”6ﬁ '€%supplied to the
coil 13, and a vanidbhw, h)sslmra'g@al"dc»hbic-eidsd"pﬁ@wﬁeﬂensmﬂmmmgl interacts
it the ot her i seydinioIRgSHA Gl Bhthe?eh DEUIFRRs bNBeBNRL 277 2y 10 and

11. The diaphragmis dis In accordance wth varrations in the audio
signal, thereby gowsleriteddrge desired acoustic output. A representative

exanmpl e can be found A gnidifondipst p@Basvie iOfilustdat&d in Fiat 18 Mhis Merre #, 156, 801 i ssued
to Whel ar}O 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
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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
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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.
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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
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pl anar- negneti clﬁiﬁmg%enc\e@cﬁ#adﬂsrten@&bateLhly%mm Hods these issues, is

set forth in U S. Pat mng now to nore
particul ar consi d@?’&feﬂ‘iﬁh"‘%f’ahk"ﬁ@ i Fes P‘E’ﬁ@ﬁ%‘%ﬂo\?é@m isf§e sel ection of

proper nagnets f QhitiglaAi aver iy Meisd £hd SIRE BI6BIESs arndiih th RGN t ant

20 practitioners in the art. Ancther example of a prior art single-sided planar-

DJ

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.
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As will be appreciated, however, such speakers do not enploy magneti C
material. structures and supporting structures to support the nagnets and
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be i nfluenced by the magnets. 30 Such relatively nore high-energy neodym um
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magnetic circuit to ePieapwiblegplagitian fopths j5ithat psrtitioneraig glewsr-gignatic 7 22 July 2005

One possi bl e eXp|sﬁ&ﬁérlte&ﬂlofﬁﬁésaﬁéﬁﬂ;&ab&xﬁihﬂk&wﬂﬁﬁ&&dﬂ&aﬂ@ﬁlﬁf&dlh;{hra@ﬁllanar‘mitgne]E| c
e Crli cal aspec 0

speaker technol ogi es .al rea gve f.ficul %#ly

di aphragm tensi of‘ﬁ Ryre: ﬁ“‘ﬁ’é’ﬂ?‘? ‘H‘iy‘ﬂblfe“iﬁ O qelieYe@ PR IIBL v {0 achi eve a
proper initial displyhgrageitignesd tason, bartkht thiz Raifipuiatiobiist belnaintdidad S confi gurati on
must be mai ntai neg 35} Vo‘?ﬁseya%é}fémt%f méége%cfogc%%!]sﬁo%f&&& Gids ?. O&gc forces,

t ensi on forces ress a n-of the
di aphragm al | ofd“mﬁdtmﬂ@a'ﬂbmﬁeﬁQfﬁhﬂdgnhaﬁmmmﬁghm@ﬁlddmwm@mg structure

meterials. These haifie a.{.étﬁsimtmaﬁemgeqmdm&é@mmkds:oxalmbmqsdfch structure,
as they are const ant over ti to c ancg E%magnet pOSI tioni ng

and structural frii%g Fl‘ffp@gl B RS A R Y O KRR OVE: 5 Y ®%n and a 10
magnet - t o- di aphr qgmaﬂingmﬂmwfaaﬁmaehamfshuﬂmmddmngmtemdnehcat| vely short or

hong period Of iR dibtedh dlieds s WATRALLL b S flifydhaRDERE™ et on and

degrade the performance s ac ge of a
fraction of a mi |pejiadef e, ‘l!’!@ten@ltfglmcrailwénﬂflWmmmmh@dﬁ@fﬁdeﬁlﬁance of a

thin-film planar p@&ﬂ:ﬂﬁ&é&de%éﬂép%lﬁ@ﬁakesa%hdﬁgeeoﬁH&cﬁoﬁf@ﬁhﬁﬁ@téf% al r eady
pivotal in the performance and lifetine relrability of 15 pI anar - magnetic

t ransducers, exaé@?‘ﬂ%ﬁ“ilyrfﬁerttl’r‘?@“&m%q%qulfﬁélﬁ“a\‘/ﬁ“fﬂ‘ietﬁé“@ds@?a “'magnets having 5
to 40 tines.the ISﬂicemﬁﬁlbblMﬁlsﬁm‘a@qﬁvomuﬂﬁpﬂﬁfmaﬁcﬁ[ﬁﬁﬂf‘fenhiel@ﬁhbﬂlt)icﬁ" function
_rellably S a substituti r _conventional .na al r eady

destabi |l i ge in tl‘?z 1o F?cgrr?rés(raucm’exace QE{Q"‘% Fhe 1 lﬁlgléw i F\eom ngl e- ended

pl anar- magnetic mawésbmlééq@tmﬂsthhlete@umémsmlamtamearﬂlh@tart 20 Wth

current magnetic f&%&dﬂ?éllhlﬂﬁasg%btm%n Rf corbeDHnf Qm@dﬁ-@a’ﬂ? nmagnetic
| oudspeakers having the very close side-to-side spacing, "as conpared to

doubl e- ended dedpjhdzeiniie BB g sRRgRetic %Fldﬁé?eéé‘is’\?élﬁfe‘}ﬁl &m wi t h hi gh-ener gy

magnets s that nlapRticbildepaskeds inhedcofidbtateaif it e Magnets woul d appear to be

too _I hte r}ﬁ e, toa 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




point of not only potentially distorting the structure, and affecting

di aphragm 25 tension, but even affecting the stability of eXiS%iﬁ@@ net
attachnment nmeans. For at |east these potential reasons, such high-strength
magnet s have not been successfully used in a commercial planar-magnetic
design. Another difficulty with conventional single-ended planar magnet

| oudspeaker designs is that of |ow frequency range distortion. Since nost
30 cOMBEGieAty dd BepIRGARE (IS BRMFSpdive ARke, Whthiislg dr Aeared ended

| ow- frequency = performance of a dedicated subwoofer, there has been a need
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pl anar - magneti c | oudspeakers, nore particularly single-ended ones, there
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of the %%gﬁ%rdae to this R%oblen1 Foh at Ieﬁgt thizﬁ@eason, there is a
need fof GU LGP RNTRG M AE i sPerlirra ARRTpssTed felhdRt P  quency of
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conmbination aof, thin-filmdi aphragnms apd conductiye terials of the

at t achelpVe GF‘F‘LW R9PY tprmpy SRl ARg e @mswﬁﬁ@lmgggméfé‘m ed design

chal | enggperatubl® THRHh SherSth RRNBRE THrdchad] litadBorPhlifReReLHUMEEd i n prior

pl anar - magneti c transducers have exhibited poor thermal stability and poor

di mensi pragshredevels with single-crded planagmagnetip eystemysrdue torihipnah instahdibet of or e been a
practicgl...li m i i L . e | it h singl e-ended
pIanar-@ggﬁgﬁ%éﬂéég?gkgggg%ﬁggﬁ?ﬁgﬁﬁgﬁqﬁﬁgﬁgﬁﬁyéﬁ§LE%?%?F%%%ons of the

di aphr agmdyctizmsvireahrsidor stip rdgiohotocichydigfhraamiise Sharmgllytiddcado at t ach

conduct | e Wi.res dlor stri egi ons.. t uch.di.aphr.agns., Thermal | y-i nduced
der o nedsfGRPERBRES ARy A BrtpthaRine Lt rlioR) SPER i ency” due 1o
rel ati vgdoy mapeedic coBding in prickGingleldiged deviveb,aequitinpodreat@ndedr themitoes, requiring
greater power inpuf to the conductive cojl, more |ocaljzed heating, and
t her ef oMB <P _Efi“’reicﬁé= Horgdeca ze@ﬁ@?m andfhereiopieiyhng 8aier YFPah acoustic
out put . digwkion A6 Qiveh B8dwktic blipitdeved ARcHarRdly Mereds a dectbr #9m conducti ve coi |
conmbination wth greater thermal and di nensional stability _to maintain

1

proper diaptsagHcondictivg saih egmbingiontwithogreaterdhermal andgliensioamaféabildy  si ngl e- ended

desi gns;,Qfain - tic | oudspeakers have reached a stage of
devel o?fr?enatm V\hi%glﬁ’%rena {;}gs themto be favorably conpetitive with speakers

of the firstintswnmappbgecise nstheddabermded or single-ended 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.
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| ack of market -success has continued over a period of nore than yéars
since planar-nmagnetic acoustic transducers were first disclosed. As

menti oned, even the appearance, over the |ast decade, of high energy
magnets such as those conprisi ng neodym um have heretofore not been
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speaker structures. 9 27 Jul'y 2005 SUVWWARY O THE | NVENTI ON The exanpl e
enmbodi nent s Bvecﬁxramele@rréapﬁ@eetsma@de pbiaglarendedgmenar-magnetissnrdeeer conpri si ng a
Vi br at structure

i ncl udfl'%J gingggé lrc':gie%l.ﬂrrl% q roﬁér}aﬁjﬁ‘é{:l&g{&gﬂ%gg‘u%&ant}&&?{léy parallel to
each ot inelrudmg Itﬂeastr&gwengnhemm adj a@nEmrglwubdtangiaéﬁpaalld hagack 6thewga Gauss
Cerste in ort str e Cco Iedtothe primary magnetic
structgf elg?ﬁ?e ‘éeag’i %?é’&ﬁ{ef“gr@l ?fﬁ'ﬁg"eﬁ ¥® hold the di aphragmin | ong

t ﬁr mdst eﬁlstedi anab@iting BeppoR sawdtaie caulgand oglﬂ pioﬁﬁﬂyh dhiag:;}amwattme aﬂd ructure and

t he di aphra Aconuct t he di ragmin the active area,
and is ©6Ae g‘BdF‘i"é‘ %B’rhﬁ@hﬁnﬂ L"Laﬁ@“}‘/}?&%ﬁeéﬂséa% igngd i n vibrating
the di aRbiiagREiPbebREMaRd madhelid BilctiRé S the ﬁﬁ{)hrﬁgrﬁrlﬁ-lcoﬁd&bt%r isa correspondi ng
acousti'c output. The mounting support structure, the magnetic structure,

the conffiriaddy, thexdiaphragn Hlthﬁh‘?té’gﬁfeaf@dé%%égﬁﬁi moyp%réﬁ%w@ébe and confi gured
to Opernﬂﬁgrﬁleﬁ@stﬂlcﬁfrélﬂll v‘?brﬁﬂ%etqe Bia RRANGLL %eﬁgﬁ’tré? HRGI siglfhetl SO, so that

t he nountTng support structure talllzes t laphragm'n a tension which
remai nsa ccs'teaiﬂnéma‘aecrusm(o@pideﬂlwumds suppod seyctetesthé megweticur r ence of dynanmi ¢
condi tigons |n res se Lo hi ener far driving the diaphragmto
provi de T RE™ §°8n F u'r”'tn,d%};‘fnddﬁ’haa mar?é %Haﬁﬁom 0eSFg Jr]ragnetl c forces

i nter acﬁdnﬁgub@to\/@emmladu@ne érﬂaﬁblaha{mﬁ@neﬂiﬁigamedmelt, andlgfgrothiabe nounti ng
support, structure. In accord I r.st aspe

ct.of the present
| B oA ROr LG oA o o P Reria 13 ¢ oo bk e “ompri si ng: at

| east Odﬂzﬂﬂé(ﬁ\leﬂe)ftéﬂdéliﬁérﬂd@bﬁ@éeed&bﬁd)@fcat%ﬂcc ¥f dyhamid donditiosdlinf ace side and a
second surface side, including a predeterm ned active region, said

pr edet desAoREd0 fighieperey &yresiiriving thrnlingfragnp ogueYide e audio @BfﬁHTu 814 ve surface
area f chesﬁférﬁ{ceﬁlgh @Her y e gr%t: fcﬁl:&Qﬁl%f‘aEﬁ{Lf R saili At RaQ 1€ r espondi ng

acousti c ‘out put,; ‘magnetic structure including at |east three
el ongatre@gnn’ﬁgméqumptha@mnmﬁ fppert strighde-subst anti al |y parallel to each other

Wth said nplﬁgﬁéogq\?%?rée glgh %%'1 §b ct qulhgére%glgmﬁgrﬁ ogu@?r\éhplgm%ﬂef fpergy pr oduct

of greater t ted
planar-magnetic transducer comprising: 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 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
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in strong interaction between adjacent magnets; and a nounting support
structure coupled to the primary nmagnetic structure and the dj ﬁ%&ﬁ@fﬁto
~capture the diaphragm hold it in a predeterm ned state of tension and
spaced it at.-predeterm ned 10 22 July 2005 distancing fromthe magnetic
structure adjacent one of the surface sides of the diaphragm said
conductive surface area including eIongate conductive paths running

SUDSt ANt i @ldoto R0l Shoh 80 FRREL Y ont DFITRUELE BesitRRor ¢ structure, and

the at |east e primary magnetic structure, and the
di aphr agdipphinegni;segd ocnﬂnctmaaméztte@marpméuctmgnisn@tmboad@tlwqumlanmmgI y configured

d d d H
mount 1 ngbaaneny P g0 SEerd R SR E R e Tyt P R " ) T
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bet ween ext peri.qds of, use, des accu ce,of . .dynam c conditions
in respo‘f?é’ ‘EBGC%QFPPQ Oqﬁaﬁﬂa@ﬁéf’wa ngc"é’g 18 ? o8i87%4 Bphr agm to audio

out put, @BaktdrininedspRel b BRRSN m&%id(ﬁ)tﬁ@hﬁﬁﬁld RbgorCiuigrebet ween the at
| east three nagnets do not |nter ere with the eterm ned tension of the

di aphr ag#gbilizgnthesiapliragmdn astatia gardiepation ﬁtrtb%lﬁéé‘?telﬁéil‘?ﬁ’gteéﬁ@? whick as a
si ngl e- ex%ﬁ’ﬁﬁ‘.ﬂts{aﬂl@%@é{%ﬂ bﬁtlvda f&g&g@gﬁ&%d%memﬁ&%@uﬁ&e@sﬁ of the present

i nvention ere | s prOVI r-nagneilc t ransducer conpr|3|ng at
| east on@nammvoﬁdlhqmaﬂn lwsam&b Itteexmeapﬂnugugmrgwfwme%drfvmgsthe digplragre si de and a

second SHLLESuBL S (T ey FRISIOLROGH RS LY LERLQP. o2 d

predeterm ne v v gl ot e a pred & m R e surface
ar ea f orlessotiveragngtsao nbnpm'rfeelvaﬂtthe pratletsmgtmi tensidnoofahecdiaphesgpondi ng

acoustic qut . a_magneti ucture incl ud east three el ongated

magnet  rasise ipabeGmagied Bhasdutts DGk BTG 744 TORIp MR PER S anch ot her i th
said magnets Rackr@cd@itRh s&tjogh\a@e@rogme g@éseﬂtuﬁxtenab@am@é isppRaidedd nNega CGauss
Cbrsteds and a nDuntln support structure cQup led to the prlnary nagnetlc

st r uct urdPlaRREMagaetis tay @rrﬁomﬂéla@m%eéstton@th"aﬁ%m&ra&%hle Hephgpgm i n a

pr edet ergine e shitge Ghie Erﬁfhsée%hd%ﬂﬁ'ac%ﬂﬁféembﬁldﬁ% apr&ERLAMEA AgFe di stanci ng
fromthe primary nagnetic structure adjacent one of the surface sides of

the fil mgldnapidrmgiﬁensmedl agtiyn degion ineluding p aredetgmeined enpidudlivaguréicengat e

Ot g BRL R cr AR SARLPAELA A o L RB R eEloolel Budfi  TEONCTS. | he

nmount i ng  Suppor t he i aphragm a ree magnets
of the pnagmmystrmgmmch:dmglauleasntkmeerrAMiga@d magostadowaplectdadppos add ons and

e R B SN R B BB DB gPRRREY 22 Lt ane
dynam c gredt premsithin DRieeeGaukd Oersteds; and a mountmg support structure
| 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




22 July 2005 and the diaphragm and the primary nmagnetic structure over and
bet ween ext ended periods of use and (ii) concurrently resists 4hg;

energy magnetic forces interacting between the at |east three ma nets

whi ch woul d otherwise interfere with the predeterm ned tension of the

di aphragm said pl anar-nmagnetic transducer being operable as a

si ngl e-ended pl anar-nmagnetic transducer. In accordance with a third aspect
of the RHEHERaphrayaRhd 91@,prrhﬁ%frﬁagrﬁtupétﬁiéhﬂégve@an@bﬁ?@&e@a%{eﬁh&y si ngl e- ended
pl anar - magnetic transducer conprisin ath film diaphragm having a
first sperfodeef wiegad Gngoncusrentbigsists tedy ﬁsnetgaf meﬁqf@rcaarnrrgacangconductu ve
sur 1 acey et hok IERMURLh Ao MnldMRIICHRENC Gk GRflnd N0 2 corr esponding
acoustic output, said at ["east one diaphragmincluding a predetern ned

acti ve predétemine tetsiqgofdreatigphragagy sad phingt magietic gardndenbeisuf f i ci ent magnetic
field s an wi,th respect to the diaphragmto drive
t he di a%‘?]e‘r?e{al’g%gfsmagle grbd% glaﬁ%"}’?%}}'%s&%ngs "éce("anded audi o transducer; and

mount i ng st r Iicicosrdaree withedhirdaspbe of the phesaginteation) eett is peoviicdphr agm in a

pr edete ned %t at of ensr on and at Er edeterm ned _distancing fromthe

hi gh en B}e'eaar*éagawrmaﬁf% L OMPEENE A P IB time i ncluding

per i odelephra@ﬁ havAkk Qﬁﬁﬂ.ﬁ@fac@ﬁﬂ@arﬁlaasl@bb’rﬂgmm\/sidé&nd mRMewRd performance
char act er| stics hy using a polyethyl enenapht halate filmas a base materi al

for t heCondPepREBigRee are fefcoBYadec inpytislegirioal gnal igtmeoreondiig present
i nventi %ustfchﬁﬁﬁt IsSidRE RYd: d8digphr ﬂﬁfudg%w}%dc&rﬁlfréﬁlﬁa%%%lﬁp gprising: a

thin filmdiaph ragmhavrng a front surf and a rear surtace and
i ncl udi gh enesgiatagnetic sirustire h@@geﬂuﬁfklmme@tmdietdﬂérﬁwhpmm by a |ow mass

hi gh te {H&?g&feh'(w‘?th%’é X&:ic?&nh%%hr%érﬁ%édrldrer@ﬁé‘ﬂla Y8 sft8fan aﬁf"’e”' ng an

i nput e cal Rt orr espondi 19 4 ous? ic ou said at | east
one di emhglagmdedrandlbmdnsdgcea aprﬂeﬂnhengntn&drraeduplee tas Ehgldmlphragmho gh ener gy

magnet i r re_havin sufficien net Id strength and bei ng
confi guﬁoe‘z h&ﬁgapﬁ@&ﬂ'flaﬁé%e‘?a“'&? \‘;%tef’h‘@ns'g‘? ﬁﬁfﬁ 8@“’&1“ ‘fngl e-ended audi o
t r ans dugistacig o ohe HigHéhe Sy mikFheticEstibioMp GRr hitextdiRed prralbiam® t o hol d the
di aphragmin a predeterm ned state of tension _and at a_ predeterm ned

di st ancl@clr’rilaﬁrp?wéisr?if H¥s ad apgyipe.saidiarhragay hayngimprovadperboraics 2005 I n

accor dafiaficihibdtsByhbihL B @@&ﬁ?l%néﬁﬁpﬂtﬁ%ﬁat@?‘ﬁﬁ%@ﬁ bAsE YEtriaPRy eher € is provi ded
a pl anar-magnetic transducer conprising: at least one thin filmyvibratable

di aphrad;}ﬁﬁhrﬂrﬂmh a first surface side and second surface side, including a

pr edet er m neg AGLLNES kYN SAloAREARIGH BRI ARLe EpoadleR | nCT uding 2

predetermn con ur
planar-magnetic transducer comprising: a thin film diaphragm having 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 ceupled 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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area for converting an input electrical signal into a corresponding
acoustic output; primary magnetic structure including at Ieas%zjl};; 5

el ongat ed magnets pl aced adj acent and substantially parallel To each ot her
with at | east one of said nmagnets being of high energy with each having an
energy product of greater than 25 nega Gauss Cersteds; and a nounting
support structure coupled to the primary magnetic structure and the
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sur f acewfif §&irdt RG¥E L0 aR] RQEGRLBrRaGIAUREIY Rz APt ehHRR Agiveubstantial Iy in
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adj ace . i,f.0r] . : I .least three
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t he at preasy ntagnaie strovere imfludisgat deast threo elodgaigl hesstspiagnébdjacehi el d strength
t hrough t.he conducti v urface area .of the.di.aphragm than..pr,ovi ded through
the. cortictruaroatiy paslle & o Ser Ve drastane 261 Boe TRl Wy of t ne
magnet Ssénefdivathidadin Bavinpgiatigs ptodatisadigearter ¢agRaeag Gasss@Deddta] e- ended

pl anar-rlﬁ%\r}gti ¢, transducer. In%%ccordan,ce with g sixth as &:‘gt of the

pr esent 2P RVEPHTIBH SUPPHE FRIGhYe A9 ddfe theprimpgy WEERtE PR ng calibration
for opefigitcih Rfcapuf tﬂahiﬁ;ﬁllﬁﬁg&%om AR0Ad pro®@diiined stald ANGAIAQARdWHI ch utilizes
athin filmdiaphragmw th a first surface side and a second surface side
t hat i rikerdbat paedesrained fiviengiagfrom thipramary sageatictsiragiwg adiseens gaed from a

Pr1 ITBr Yo, FRCNGAd it 3 A Faghl) Shit bR A BOE infTBGRE L Bn B OF €at er than 25
N30, Sai ca({le‘:cgr atI:j on lér‘gehﬁaﬁn?ngl toltn%c proper sfpalgl&ﬁg getn en the hi gh

ener gy aeadwntitve paths junning eybstantiallydi pprallel grithsspidanagnetszangt of ihie)at fpagper

t ensi onj . 0 ongol d rdned di agm sion, said

ot hod PREFUEHRY PerBl Rl RO bRirERE It FUBRY SLRRTGERMBRT pport

st ruct ub@an adidcanomibgricq3ait Gritragy hagyRtie fecgye havirg ue laastahret bdjagent mary nmagnetic

structure i g !E)reéietern‘i neglt s&aced aPart relﬁgti onship wherein the

mount | _rrawgagﬁ ft by S5 mREnGs VIt faptapQuter o s by at ot thyse RSy 2005

magnet i of nflohéts brovRlim 16k GpARH FRIM Lenb@Thidhsh Mk ebhdat@rcaVriaRaA&t i ¢ forces

i nteracting between the ,h(égh energy nmagnets so as not to interfere with the

pr edet ¥ thefigphimeaptirapioyided Sreieh theepndppfivasurirenpises afite dipplptgmgm to the
Suppor tyy St dlel HwPofiRe &E!%{etst, d@%ﬁﬂ%ﬁgﬁ@ﬁd ':%stddilelﬁdﬂ%{a?igghé EQE%IQ-“ i s obtained
n ac aspect o

over long-termuse. | cordance wth a sevent he present
i nvent iepfgd plamarenagaetisrtounidied.

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

12a




A

a method for reducing distortion in a single-ended planar-magnetic
transducer including a primary magnetic structure and a nountjngsyjgor t
structure and a vibratable diaphragmincluding a peripheral boundary and
conductive region with said peripheral boundary: said nethod including
steps of. i) attaching the vibratable diaphragmto the nounting support
structure such that it is nounted at predeterm ned distancing fromsaid
primary TRonGhhfnelt UHERHE SRRl hisR Sl Im R BAGHREN Ned, L ensi on,
ii) applying a fong termviscous naterial ong-at 1east a portion of the
peri phery of inteeactingbeatvedr the tighpherggmagrets saas ootdairgafant withéie ei ght h aspect
of the present énventi n the[re.i S rp(#;gvi ded a nethod for reducing

di stortion i nPBIsRYIes ARHREOIF R 2% mgnet i ¢ transducer i ncluding a
primary BpgneittaChifg the digphaagind tb fheruppdridractnfwd tadt thieggedtesmied a nounti ng
support structure and g vj bratall e di aphragm i ncl uding a peri pheral
boundary and YiEREREtEnRn SEGRGIIRVEY Prﬁ?@ﬁf‘gseperi pheral boundary; said

net hod i ncl udipgcdrlhcs WRRS séfenth dspectbl RS PleBiait InRBntibnbihaleaPp@vidb@phr agm t o
t he nmounti ntgl support_ structure such that it is nounted at predeterm ned
di st anci afpetipd far seduging distarin indingle-ended plaparumagngticransfygel n a state of

pr edet 7 fRgfle b BAjlaA Inadrctic ShlARDARG AbutiRg SlppBRSuRlGELd gal |y conduct ive

non- magnetic sheet "structure w th acousti y transparent areas such that
sai d shewbratabterdiaphrage includiag a lpeipherah beundiryeed egrslactpleacgdn behwaien at | east
two rows_of, sai.d | ti pl r . net.s. Limprove, linearity of the
magnet i P %pié?rgf bé’bl%néj/aéy 'tsﬁlg%%%ogl\é},ﬁcslgéwg& g‘gcog'rl&%%géﬁ%ﬂfehﬁ%m{nagﬁt h aspect of the
present digpteapnt orthe mbentingissppattovuctent sach thiet ihis dnduateld appredeteriinedf r equency

per for mance of si ngl e- ended pl.anar- magnetj.c transducer for the purpose
Of i ni riSAIRPESFE SHE PRAD BB PR G 1R & SBIE PEISEBMING | oyer
fr?quencﬁénsﬁd}ﬁﬁb(?{plﬁﬂgsi R} téril scBhPRALriATRDAS b Bast & pBGdHGLIhel NCl udi ng a
primary 12b 22 July 2005 magnetic structure nmounted to a support structure
and a vibsrighesobthefibratable diaphragir agm whi ch i ncl udes an active region, a
conductive argaWirkidhkOwithen @fgﬁih‘é_?;f&?&!tﬁ’é‘ﬂ@%t inGEHMBHC HiekSis BRoRIRAL S Wi thin
the conductive area, said thi'n film di aphragm being nounted to said

nmount i nge wefpdiar redueine distastiemie atsisigte-éndediplprasdmegnetit reekdueeat e of t ensi on
and pre nin [ i ARl Y- } r i d nmet hod

i ncl udi S@E'tﬁ ?fgkg? g'ﬁlggﬁ?ig"? ?3 ?Qtﬁdéﬁ’ﬂég‘?”lﬁgg’&ﬁlp @g%%gﬁg%ﬁ%%gétﬁ%nﬁ%h ener gy
neodym wwpporagneture andsadibratablerdiapiiragmgnatdiog 8 peripherat Boundmgt and ) setting sai d
pr edet er m

Bepect - conHGVE BB Fuhe e frupiary S priyhorbRefang Ao 11 @ Tentt

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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met hod for increasing signal output capability of a single-ended
pl anar - magneti c transducer having a fundanental resonant frewgy (gﬁ
potential |ow frequency range down to frequencies bel ow four "hundred Hertz
and a vibratable diaphragmarea of |ess than one hundred and fifty square -
i nches, said planar-magnetic transducer including a primry magnetic
structure nounted to a nounting support structure and a vibratable thin
filmdi aabiaeRirdat dbuR@d o £QUPPSE Srictiré S mzaraﬁdalec{hi&lmm didph aphragm
mounted tO said nounting support structure and held in a predeterm ned
stat e ohichdedidsnamantivpragina: eeendnettyegens Withimihs astivepedionand magnetic
St I UCt UGSkt aflnid €| &qu@tgv L, SECMT Bl abdnekAbufk ng. hi gh ener gy
neodym um magnets in said pri magnetic structure, and ii) adjusting
sai d pr mdemtedmsaddn@mpng wﬂpe&struduanamld imid predetsrmined sateadcor dance with a
el event c res vent i on, a nmet hod for
overcomgﬁgg é‘ipﬁnqet Fne?é%& S?‘ﬁ ?’quryl P rglé%“%ﬁe gzﬁ] m'?rfgched conducti ve
el ement &icldiniehe smpse&si) ingludiag aclegs emdlﬁ@aﬁdhightena@pabwdynﬂmof a singl e-
ended pl anar : nefic transducer, said. planar etl ¢ transducer including
a vi br@f‘&lﬂ81s@‘%ﬂﬁ“‘?wmaﬁ‘?e&ﬁﬁmnaﬂél“ﬁg‘?wS&“g%g ined 82R1% ace area and a
mul t i NMREWRAN orRmhilfBhaterdrBgNet i ¢ structure nmounted to a nounting support
structure, sald thin film di aphragm bei ng nounted to, sai d nounting support
structure and aseqrayon il ﬁtwtlaasps?t thedroseidaveation. dhegg isperyidedd and

pr edet e fr ditReak g Biehallofli Rt LSy BRYBElcCond S pldfik it el d_met hod
including the step of i'ncluding at east one el ongated high energy
neody i wanseuegneavingsagiedaniantat edsehapt freaueycyrand petential daw frequeney t o reduce a
require [ oW ng
| mor castnb OBl B8 Lent s ol B AR R RRET el SRR Gel B Yl 1 1D, 12 22
July 206fFess Ithanamehumeﬂ:amdvﬁftthaare vehdst immplpmtmz{ghetidmmdu&ment i nventi on,
t here |s I‘OVI ded a etic t ans uc | east one

thin filRl 9‘1"%?8{'5‘3 e‘ﬁﬁﬁnﬁ %F%%CW‘EW o TPt ‘§%F‘fpgg'85‘§i’°&‘geéﬂ ?a second

sur f acevibatiBle thinGilmdiap8raanPineltdihe b BbrtReihaGtdive said@iih $iftn dphgRr edet er m ned
‘active region including predeterm ned, elongate conductive surface areas

for med Beuniedp gridmautiag supperdsiRiciyeans @mt@r@@wn@aﬁ%@wmg an i nput

el ectr 't%ﬁéloxﬁdrﬂ'iﬁédeteﬁhﬁe@gﬁpﬁ-&ﬁ%QBﬂfnﬁﬂr rRSANEL difucRid, BME mefhoOuNt i ng support
structure coupled to primary magnetic structure and the di aphragmto

capt ur ein¢luding dieaisps af rﬁ lmblldmgmugh anergy peedygtien mageds st @idprimary ensi on and
space i [ Jmagnetic structure
adj acen‘%‘ %}tﬁtelgét&qﬁhg ag%?f '%&usq@ %agsﬁ %?&%'%{I%E%ta P ?o% r%/lgm and primary

magnet imilhetect ure i ncl uding at | east three high ener ay,

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.
- 12¢




el ongat ed nmagnets pl aced adj acent and substantially parallel to each other
wi th each nmagnet having an energy product of greater than 25 yega, §#45S
Cersteds; at least two of said high energy nagnets being adjacently
positioned in a predeterm ned spaced apart relationship wherein adjacent
pol es of the adjacent magnets have nonshared, |ocalized nmagnetic | oops
represented by | ocal | oop energy naxi ma as well as shared nagnetic | oops

bet ween the o REGHINE WG EMR 5(%6{3@&{ Iiarg%lﬁt L hiofi M RYis Br%gi?ig& sai d

~conductive surface area running paralfel to sald magnets and
nore pr a)piamatreagneudﬂtmlsdhmeladonipmmmg a:oﬂeasthmelﬂnglﬁlmwémggblmgpiaragn than to a

cent er pOl et et ween he a cent magnets
Sorutr PR % s stF AR RRR et it e Rl B R S E e
pl anar - nggioal datd ﬁré@wﬂmmcnderte@m mmgmgcpr@leieﬁdinmg Blongité eoﬂdugﬁfeener gy
magnets ca r e | ener ets can ave an ener gy
of at %gc%ﬂ%qdﬁ ad i‘ifﬂég}@? %’I"éggﬁﬁﬂﬁl pve rfgea“dp%hragm can
conpri SeelE’cENzal ﬁ@ﬂalﬁﬁtﬁﬁ@@ﬁesﬁ%ﬁuﬁ%ﬁé@ust@ oqqsﬁpla%uﬂaﬁ%mp gort thepesed around a

e

peri phery of the active area conduct or can e |ncor porated in the
di aphr agtaualed taths priegry megnebegtustire andithedigphipgm geptwe B adhesive. In yet -

anot her gy h%mgﬁx: mg&e’t%rﬁl%dts{a&rb?%?ﬁﬁ afi@ paCOMRY hreferdhidedt €7 - magnet

brace which can sta I'Zze the magnets o ghet 'structure, and can al so
st abi | i z@smmng@mthmlmppmgmqtlngtrmtmm@djqm!: oz theourfacet sided otﬁlyond t he
TRGNet | oy PG Sl 8RB AN PLAE R e SHRRPR b LG Rrey T
|nter-nagne conductrv erra an conprise a
conduct i Mengmﬁemagaéts pheéd ad@caﬁrandlragmahﬂwmy parallego eachrtmﬂiahéuhreaﬂs netal, and

it can be for d of co ) 22 J 005
errbod oL g A AR AU greals? that aa atet avss MRt et FTRPS can be
g1 el o 4iuam g eeralimdts g iRy s NG LD GRRA sparsgnet s The

spaci ng can be greater than t ei ther of the two adjacent

nmagnet s, aR3Ft relatignshin Mheraiadigsent neles pf @ﬁ@dmmnﬁ magipihhaye neishyed: of the
magnet s. jol{iGeq @%%{E%E% ngkgg@é’ﬁecpof b&iop'e @rgﬁ?nagfn%s% wiGkkepal shape

wherein the w is a st as reat "as In yet another
exanpl e magwté eps betwern tbm@ﬁ:g;@tltﬁadﬁmelltlm@ﬁef@e(hwh ebgrgya‘;ageeds séidom a central

porti O.n nfluétﬂfg lgrﬁaé%m&nn%/n Osglﬁsvt\ﬁlrf%igtl A rgllie'fi1 L %/ahcl rlﬁ%%ng% aﬁﬁ%?et Ic structure.

The gap ween ace o hragm can be varied, so
as to beprogineatterthe locah labpmbifthé Irugb ehergjnmagttts;l den ¢as eenteatpennad)ﬂ the out ward from
the cent s%are frnatggglc Ioop% %%vlve%n ¢ a j(e:lgeunrt t%agnets 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.
12d




I n anot her exanpl e enbodi nent, the diaphragm can be nade snaller than 150
square inches, and can be nade taller than it is wde and vi ceﬁ/ﬁg}sg%os
Transducers in accordance with the exanpl e enbodi nents can be na avi ng
a low frequency range facilitating crossover to woofers, and can be
configured to have a high frequency range enabling themto be configured
as tweeters and as ultrasonic emtters enabling paranetric sound
reproduction e enbodi nents wil |
be apparent Imgoﬂ@{ee); Lﬁngﬁggt%ﬁgq;{ofp%ﬁtﬁggbgﬁetgga{c@gcr| ption, taken

t oget hetdjgdentmagnetsappbngredicr tHaawmicrigh a vﬂdthmf@fle ofthetwaadiacgitven by way of
exanpl € t {OF THE DRAW NGS
FIG1is g{kgsr g‘géss@é@g%oné?lgr%dtéptﬂ&tbga’ldt%?@vlvﬁg leﬁéq@fe-r%) ry prior push-pull
pl anar - mwrggumebrsnnter\ahsdbawe:enbxalfd{ndafuﬂaudnh@faﬂréedfttmgmgtatx:Theructure FIG 2

is a cross-sectional, fragnentar f an,exenpl ar r art
si ngl e- BRESE 2B haYEA RS %etqr(?r"(sg%i:ﬁb g}ap gﬁﬁemg&f g”‘%P E& 4Py fragmentary
Cr 0ss- sgehi QM heidhew of another prior art single-ended planar-magnetic
transducer; FIG 4 is a cross-segctiopal view of an exengl ary SI ngl e- ended

i

pl anar-rragne{“ii@ta‘tqtl?;?ﬁg’éﬂﬁﬁ%?emwd&ﬁ%rta%\ﬁ‘teégwt}t# BASRESicH %"%fe the invention;

FI G5 | fom aldeRitdl p¥itBWoPfinddt s?%ﬁi%ﬁ& BlitivaRl RRAIYTREARMdshetld ASEHCEr 1N
accordance with “principles the invention, a coil pattern is sinplified

and st rlkg gﬁpé)eb’m@e ﬁhetfh@rpftthfanagnm end the FliAphragmsn b yarisdi wrasdo B¢ t h t he
di aphra ?a aQherd? g&%loh 06d ddedsd 19{era‘f1br%h{v$a¥d ﬂBmQﬂﬁeg{éP gfﬂhQ n, FIG 6is a

front v an exenplary prior art transducer Is a front view of
an enboniaglencmictttrhe i nvention shown |nterposed with a structure size

typi cal of a pr| r art devi havi me_of the har a ristics;
R o8 o g Sl Y Wt Rt fan ol B PR R TSE T Lo o
frequenmareﬁmﬁaagraﬁ@c@mi Imfdéltadleema]yncﬁ whilc@aY vice-verda, Jeasdatends wWith the
i nvention and a ev| ce; a frlont face view of an

enbodi nFPrdgRceY H“o‘ﬂ’“ Oﬁl“@mﬁc eP%ad%lﬁ? OPALQUGHH A a devi ce

i ncor pofa@ﬂiitdﬁﬂg U%'sidv&lt@vskb@feﬁ@ afd canlMR coffipsli (0 Bve fpﬁlgﬁ heqieAmention of FIG 9;
FIG 10b is a front face view of a device incorporating nultiple units of

the emsoen snehlingghem febq sopBaerdes Breetrsand s ulrpgnicemiter erabias - sect i onal
Vi ew Ofpa?ﬁné?tﬂp%ﬂnﬁ?ébtmﬁfcu&be invention with inter-mgnet

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¢




braces ot her configurations of the braces being shown in outline and
corresponding to the alternatives shown in FIG 12; 12f 22 Jtﬂzyj s FIG
12 is a front face view of the enbodinment of FIG 11 illustrating

i nter-magnet braces, alternate enbodi nents being shown in outline; FIG 13
is a front face view of another enbodi nent of the invention incorporating
different inter-nmagnet braces conprising a latticework, which 5 latticework
can be | : tons directly

Dol ow t Rar- SRS ORI BhHRIRS oboebh RELS) bR Bl RERH: Sden by the

| at ti celilér.I6 is b &ont, viem df ancxemglarygprior adttrapddecdsl e in the figure; FIG 14 is a

cross-s fd.'ﬂé‘;?kmﬁ’t'v‘?é% F AN BF e FRADT Q&m%eré]élgd wl'tﬂé.entl on .

il lustrati'ng ragnet spaci ng, a brace structure in one enbodi ment being 10
shown i stn@uird sigetypichl@f a pHot &t devirerhapiag somveofithevuymeprniattatisticss r agment ary,
parti al #ﬁﬁ%r.os - sectional . of ar enbolg{im?nt of, the.invention with

addi t i oh&t- Sd%ABIVEAFapency plot proy FrARYER, EYTPREEON AEFRHBWi ng di f f erent

al t er nagekydhs€ A dfIERY 0D Be i) intabordantewh the SMRAGSH arfila pifk wies at di fferent
portions of the device, i.e. as a band and as a 15 latticewrk of wires or
bars wi €4Yi%# oss- br aci ng, and a screen covering that can be included in one
enmbodi NBRY. 9li$a BOAHCE! ViewPbi dl dxbodlihdrt ofiffie Invefioner spective, partially
fragmentary, partially cross-sectional, view of an enbodi nent of the

i nvent i Blé3. 182 isialfent fage viRwtof efderipedncarporating myitiple unithotther exenpl ary | at er al
suppor t : re, .S a schematic cross-sectional view of an
enbodi %%%J%ﬁéﬁﬁgthe%ﬁsgt#\cﬁogﬁﬁét’h danpi ng around a periphery of the

di aphr aBiq. 108l iGa frbiftfacesviaw bf Dodvidedoerpqrativiginatliiple bniggpteint ary, vi ew of the
devi ce of IELG ¢ é&a; Fl G 0[]# I.S,.a schematic cross-sectional view of an
embodi nEReYRe REthe hyeptRn gt FGP5wi t h reduci ng magnet gaps for magnets with
di st anCEGWa Ysalcfsdckienal ¢RM dfah efbgdiglentf tetRtaikibh Reth@dtersyingt ry; FIG 19
is a schematic crqss-secti onabl vi ew of an _enbiidi nent of the invention with
r educi nfasra gt canfigaratiensof therbrags heing shaminrn gRLEps MRACOERERPIFINGIA a  centr al

magnet @k ah&RitREs HowaXPRLNY; 30 FIG 20 is a front face view of a
di aphragm useable with other  enbodi nents shown in the figures;
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FIG 21 is a schematic cross-sectional view of an enbodi nent of the
invention with reducing magnet strengths and nagnet - di aphr agm gaRs; 465
magnets with di stance away froma central nagnet or center of sy try, 13

+ 22 July 2005 FIG 22 is a graphical plot of field strength at the

di aphragmin Teslas vs. distance in inches across the magnet rows, and
illustrates a maxim zed central shared nagnetic energy approach of the
prior art; FIG 23 is a graphical plot of field strength vs. distance, and
illustrates 5 that of an enbodi ment of the invention, which illustrates

usi ng magnet spacing enhance | ocal | oops so as to_be greater than the
central shared rragnet#lg' kritA Tyt face pieyisof theembadiment of G, 1} Upsiate ew of a devi ce
in accordance wi tihteronagnee biias] hltemiat: edtoditdgs heiny sdtvh @rdutlihgdcl udi ng a

| ow-f requency transd Iy, iLgh- freguency. trapnsducer: 10 FIG 25 is a
variation of the _deviulcgzlg' gfwa&f‘%&ﬁ oW AP RS UEF R P ESt®Rey  transducer is
i ncor por at ed i n t¥rerrgeingcifiprent mydr-magriedwees-chmpyuenkiicewpiinguhicer , t he

di aphragmsof whi Ghttidefork BA™HE Rddpbha@F aBEHRPH bHEYryc ARGy biGRRIAE 1S separate
and is positioned on the rear _of the device, 1n the position shown from

the front in the PePFgkshownpthe fgue, grd ghus widerpeath anddiddeniyitiec cr oss- sect i onal

vi ew of an enbodikmiriordholvR@nd dcsdvdRiglyinorvisiblelinias figatel Ng Magnet spacing to
enhance | ocal nagnetig.l.Qops._nore. t han shar.ed central ghetic energy.
DETAI LED DESCRI PTI ON lﬁ%‘r19?Sﬁé’mﬁsasf‘g‘8%“g‘§e“b?f%ﬁ‘o?"8‘ﬁ%?‘?’ i Qe S ot andi ng of the
principles of thdnvemnlinsretingimegnet spasing rércestrwitird in ppembaliomatheing 0 t he ,
exenpl ar yjpenbodi ngfesSn ddlntistrated in the draw ngs, and specific | anguage
will be used to describe the same. It will nevert hel ess be understood that
no linitation of the KEdps 2@rshettige visy astialp fragmgntary. pastidyyropsnt ended. Wt h
reference to Fl Gsecfional, 6f a Bebo@iiion of thEifMentdn SN gldBoRNdasblarf kkmoe-fiel d 25

pl anar - magnetic t

ransducer 1 comprising at | east. one thin-film
vi bratabl e di apﬁlrlpgarﬁ?%a r\e/ﬁ’?"g%é’wfn g@m@fl&&atgﬁf@gw@p& sl a second
surface side 23, support stheteresgbdifferinsmeionsvf tie tivice i£.egi land @BasaThe active region
bei ng defjisned by jicedi $f'u9‘@s];d?gar1{stﬁﬁ oREARRLAIM me&ng&gpﬁag%;,@' ly

contributes to generation of an acoustic output, an ore includes a
portion of the difyfsddeepestodneséobovadqydine | n nost instances, extend to

all the surface area Fud. 15 3@ petbpadiine, aiilly fripmeQRH partially cross-sectional,
view of an embodiment of the invention, similar to that of FIG. 15, 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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i nclude a portion of the diaphragm having coil wires or conductive strips
attached. In the illustrated enbodi nent strips are attached a e ves
define a conductive surface area 26 on the di aphragnms which i'$ covered by
conductive strips 27 of the coil and which are configured for converting
an input electrical 14 22 July 2005 signal into a correspondi ng acoustic
out put in cooperation with a nmagnetic structure 35 canprising a
multiplicity of magnet strips, or a multiplicity of rows of discrete
~magnets. The portion of the diaphragmwhich is bonded to the support
structure 30 as wel | portion of di gphragm adj acent the portion 5
which is bonded to the's %?Wh§¥Pﬁ%¥§$§ﬂﬁ%ﬁﬁ%?c%%%?FgWﬁg F¥y contribute to
acousti c out put, digancdiencies erosChehagedt rwe aiphillistrtes 8 mppoized cetteluct ur e, and can

only vibrate at gerdaln.fLe L &S f thi anpl e those where resonance of
t he support structtfjreg:ﬁestl pogbglg@ e Acc%?oaﬁ’g\gl y, these portions of the

di aphr agm cont ri but e FiG: 33i$ wgraphical glaypf figldstrgnegirstdistancs ppdhillestptes or di nary use,
and may evsen Wor Kbt AiembAlintentob e ihGon@mOMSdniiIfslt RiHg mdfneCGBlcligton fr equenci es.
For conveni ence we_ defi ngl such g%tl ong%ntgf thf dleflthra mto be outside the
active area, and PHBEHOBOPPF HAS ORREEIF tEHEl e PAERG e Shit ri bute to a
desired acousti c out pEIG. 24ds Dfeontikde lniew of dfeviceds acvdaacesdth ofthe nounti ng support
structure 30 is c : t. i . ). di aphragm at
its outer peri phe%/b?&ﬁ%ﬁt%etun?lﬁggﬁgl%géet e‘%grﬁﬁgléygi&%%%y%fﬁﬂ?% tension, and
space it at a desfeeacysredeesr m ned di stance 31 fromthe magnetic structure
35 adj acepg one of t hpigsasif AGRatishk @R devits oSG WA, vihbred B Righ-irGii&ny being a first
surface side 22 of the filmdiagphyagm 21. "The proper tensioning |evels for
the di aphragm ar'éaniﬁ’é‘"teé‘fsWf‘ﬁ%’ﬁf‘wgg“‘garfgucﬂlé%qfﬂé’&“f Ats: cf’fé‘ﬁ"t‘sg‘lcerr‘g%onant frequency
for the device adiaparagineflvhich &nithretl nekinipdimentid iirsanbdtian iscpaeelandnt i |t he

di aphragmis set for.. ] J | ssenbly or set
tighter to a sli g‘ﬁ?‘{si‘?&%ﬁé{%‘%“&?ﬁg@%ﬁy@g&gﬁ%&v‘%%@?‘?}?g"g‘ﬁ@g’gm to settle
into the desired fgusipednecy due to the diaphragm stretching slightly when

put under s ensi on andriGhghs 4 BRMACRBssSERSIabvidl of af Bbosl@sik 6@ r esonant
frequency. The magnetic¢ structure 35 Eoy ically conprises at |east three

rows of 25 el ongaf&niragiarins migtetspicie Hilorel MReeHTgMms PP Bk i gure havi ng
five rows of el cayatdzentiabopgeticendga t hr ough 35e which are pl aced adj acent
and substantially parallel to eaghrofbBgh SéﬂPi’IB&S enbodi nent the magnets
are of relatively high energy w T n energy density of °

greater than 25 mega-Gathspurposs pirertng arO@pstaging oftbsmintiples oftae er i al
conposi tign of t hﬁveﬁﬂog,héf&%é O bR S1o the exempiary 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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30 includes neodymum wth the energy density of the neodym um bei ng at
least 34 nGO The conductive surface area 26 includes el ongat® genspstive
paths 27 running substantially in a parallel configuration with said
el ongat ed magnet rows. For conveni ence reference will be nmade to el ongated
magnets and el ongated 15 22 July 2005 nmagnet rows interchangeably, but it
wi || be understood that these can be forned of el aongated unitary nmagnets,
or a series of discrete magnets arranged in an elongated row. The
al i gnment of  the conductive paths an n sufficiently
col l'inear or par é‘lﬂ’aéﬂntotatﬁ""é’??ﬁ’gd?" a@pﬁfgqmﬁﬁﬁh%@ggﬁ%%% gt he magnetic 5
field forces deveinopeds omptitie anmiiipksits ofamenehaiipaerf # Bulfinlieiy®f PYF ces devel oped
by eurrent 11 ovioag i o5 CRRGihIY e BRAURYACH Beialyo gener at ing the
required forces to drive the dj aphragmto_ produce the desired audio
output. The munﬁﬁﬂﬂg{tsﬁvﬂ#ﬁmﬁg?“ﬁﬁl%?‘iﬁ‘?é“@‘b‘fd‘{g’h‘@g“ﬂ?d&ﬁq’ﬁ P9 and the five
rowfs of gl ongat %cﬂﬁgméﬁomgsupﬁa&smgnab het subbtintiaity Gorerib8® toar e coaﬁerati v?lgl
configured an 10 position I n S - i i p, erein (i
t he mounting supﬁ'd’t“ﬁ‘cg‘f‘l?“ﬁ&’it éreﬁﬁl%éaf’“pgglﬁyﬁ?ezsg@%{l%uggt%gb\cleﬁg?gﬁitructure and
(ii) the high eneibg anegiekdgencidsdorceanpletbosy whote résenayee ef thersippost ows of magnet s
S0 as to not Int %Hcgll:e%bp\é"ssibﬂ. h&%g{dm?@ %@Jﬁﬁﬂﬁs’l@fﬂe LisRSER Bbnlibutt he di aphragm 21.
ontrary to

This is done in a way ‘ ““the accepted W sdgm of providing a
cl oser spacing oflitteritanyritpqeustis optpnt frogimagydise aoflanay eveh e REERG  nagnet i ¢ fi el d.
V& have djpscover ggylHialpudit caain Reubtc@ For @netbigie waGnatd podad | ncreasi ng the
spaci ng between t hem t hat ny of the difficulti ; i or
pl anar - magneti c t"f‘&ﬁ%‘ﬂ‘ﬂ’@@?@ﬁ%@s&ﬁg‘géﬁv% 'eévaé‘&%(l:!'%sﬁp rgon?n%lfbgf{aot ed. By striking
a bal ance bet weerommghety camiboic pg desirel avagiventpettte kerdthin tha prdfvedsmdduct or
pl acenent (sone portéﬂggrg?‘?m Sﬁ&%@@g@g&@gt@%m%@ﬁmﬁo carry
BT T G Cy Is

conductors), better obtained in terns, of audi o output per
cost of nanufact uwmur'#the@P@ﬂ%i@"@ﬁﬂéﬂ‘eﬂﬁ%ﬁfla?rf’de'iﬁh“l“}e‘iﬁ@egppreci ated that
the configur aL i oqengigrgémegaggﬂ@mgeske_ep@ae@yrf]mmwaﬁcy31sdm@agam Si Zer ﬁf t he
magnets must be considered to ine t roper .s r i red between
adj acent nagnets;sméff“,’ﬁ?ﬁdlﬁffﬁ?rﬁﬁg ¥ ﬁ@eﬁ%&ﬁgg&\%'ﬁ% %’g‘%’g&v\gf?&:ﬂf a certain
spaci ng i s desir agfikdwida 21 biehesinagighragh 2k Hregropdr teasinging lepdfls forttee 25 nmagnet s
shoul d be chosen it l,0al A0GGHs b R0l el Rhhe Rl kGuiB] B as wi || be
Fiel'ther case, the

di scussed her eaf t%€¥" _ , 1 placenent of the %?nduct ors on the
di aphragm i s donelegw asswhols. avdshe digpheagmn fdenpienshwnt] he LplpIM R BF t he di aphragm
coi | -~ andyt he mMagRellGanbhdghiadyiiRr upbRisSerbBONARE tighter t&ﬁﬂi@]ﬁ@ higheaf | gur ati on

shoul d al so be . .
frequency to allow the diaphragm to settle into the desired frequency due to 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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considered in determning the configuration of the nmounting structure, to
ensure 30 that there is sufficient strength and resilience to ifﬁ&?ﬂx%”d
counter the repulsive or attractive forces of the nagnets, based -‘upon the
sel ected spacing of the magnets. Finally, the diaphragmconfiguration with
its attached conductive coil elenments should have the required properties
of dinensional stability, as nentioned above, to conplete the stable

conbi nation form ng the physical structure of the 16 22 July 2005
transducer. These conponents are therefore cooperatively configured and
positioned at a.pmedetesintarbahgeplgcatit wifl & dndéradod thirtalwsdvagpbeviirineh 1 s sel ect ed

to define the de&ieﬁgﬁ%eﬁ'ﬂ{i ﬁ’fé %&,iogmeri&ld Qe Iﬁ%g&%r%%eg@guf acturing cost

characteristic of t ransduc I mplenen ted materials and
5 di mensi onal congmeedirew nThealhgament ghiiergeduptive path idanagnsts pedyip ¢ n a | ong-term

di mensi onal st abi dubfc¥nth RARBHAF PardliS tdéneBId HiRicA uRLIRRIE thé MBmBcoduct wi th
dynam c and el ecér st at.i c._ speaker sgstem;, operating as a

whi |
si ngl e-ended tran e&ﬁ&‘é"rs.de"ﬁ']f’p"ﬂ%mf)@%ﬁ‘? tf?i‘ﬂﬁ’ﬁgnﬁtifﬁf’lﬁz"“ie PEAPEIY t hat i n
si ngl e- ended pl anarrennfigrigdin the coafiestle @ith\elySthedbp gentriting thie axiiired fpfsed €enNsi on i s a
very inportant p ] r llgg ' I e set, and maintained, at
a sel ected val ue%%ﬁm%hgtdﬁpr_ aéo%%%?%ﬁé%%ﬁ%(gﬁﬁn% and long-termreliability
of that reasonabl e peFfearwiingwproysipturesfipic|diaphrgm?d anddhe fivheomgef (change
equating to err oreidnBatddtlagnets OFthEXdoheti® MRk Bare dobfeififelRoftiburtdpa devi ce can
significantly change gﬁ; or nance, .even t% t'hf oi nt “of “making the device
unusabl e. 9Thi s haRoSiRedn & sRacefypag relatipnshyp.(herpia i) ntng sLPBOTHyer come, both in
terns of initiallspudid3isabiligs hiwagnétio peicue i) thedigh beny magreticvenl y over the
di aphragm surf ace > e . S. . Pat ent. Q 33) and,
mai ntaining it ovfgl%%gn%ﬁaé:;blg{c‘)"ﬁg%ﬁﬂ%%drféngglgg?\ocagﬁoﬁgrﬁéﬁe%év:ﬁ]’éf"t er problem wth
strong attract i anedgermgediansion gftkediaphragnndli Jhhis ieglopredn 4 waysentraydour es there is a

t endency over _tIm@dcseﬁzecﬂ@;aaﬁmﬁmdwﬁ%wamo%méagghagt@p.%qd@as to lessen
di aphragm tension.in the 20 direction of attraction of the nmagnets. Tension
cal i brati®Bn probl e epesgy wgpetheld, Ve hays disppverpdthat PO Mt gf&Y i ¢ for ces
attracti ng adj acatgneispand indeastifp (8 elacing egedoiem tandany af thaliffiyultRPFEOSi Ng magnet s
of 1ike polarity renul.slng SAER QLAGsJRusli S yiR8% B St | ™ changi ng

t he shape of the Frodnt ng°structures suc tRat tengion rs artered. This

| ong-t ermt ensi ore bela browaor wiphet spakingsand eegretangthand cadeatre placamend by 25

di mensi onal st abignfe YordidnGbfl bl diaPidSenPeinp idt Bded folthrycbdahdB-givagpr agms. Such
instability has been found to becone significantly worse when attenpting

to utilizZ€ very SHiclipryésvbipiged indseraf wdigiovtppt ey pastpgpdfagire inde order of 5 to 40
tines gr eat er t haihgle-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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those previously enployed in prior single-ended planar-magnetic transducer
configurations. Enploying high-energy magnets in prior art strjgﬁdy s th
30 cl oser spacing, one generally induces much higher field strength
avai l able for use, but also greater risk of deformation of the structure,
for exanple'by materials creep over tine. It also can give rise to higher
tenperatures in the conductors. One can encounter long-term if not

i medi ate, disturbance of the critical tensioning calibration of the
thin-filmplanar di aphragm due to deformation of the 17 22 July 2005

supporting structihh@uds. VI'hEchJnip@&ntEQeﬂ&él&%@éo?&ﬁge@!wﬂﬁéﬁ%ﬂhrﬂg of the
di aphragm and alsaq_.it. is possi.bl hav

zed deformati on outside
the elastic range St™ dcaéhrfedeteﬁ'aneéar%t [ &i] at'ﬂ'i‘fg’pt“’h"ﬂs‘ﬁéﬂff’“ﬁ fiduct or heati ng,
whi ch can al so Io:h&mtltérd@qtr&t:&gmfﬁdmfmdmmqmvmﬁhdufacmnggmsve riseto
undesi rabl e audi g t.Lons shoul d be taken
into account, ancfhﬁgctteh%tggétge ?é‘g‘%ﬁ nygrmsl?%r,t%tfng g ?‘%%ns ucer design in
accordancé with tqlreeﬂﬁwmleq%srrmtwﬂ,@Pyaﬂsmﬁeblewmmindiqnw@act| on between the

fields generated mentlttﬁrs%ﬂeta&e@megrotiaea@agenmt@prédh&mdﬁﬂl@r ated by the
magneti c structure depends on maghet sjze strength and the

3
magnet spaci ngs 584 ‘(cfl?s)a“‘b’iﬁf’i’lk‘r"réﬁfeﬁf’lwa’il&@im%ﬁ@ aipelarndsd {asduest. 10 t he
nmounting support st r uckasiben Bokid byt invéators dhat HisinEle sideiyinaradagintit i ty of
di aphragm 21 when ran ucer |ncor oratin very hi gh energy
neodym um rragnet geakle?%gtfnésafhg‘ri h%ﬁ'% PG 34 Pa[a"%tef E@s beyond 50 nmGO),
can be b4l anced ttl@ﬂla&bmléhﬁeete@nﬁmgmaq@fdrat@Wl?@tﬁb@lusfye‘ailﬂemsmlth i s capabl e of

-sustaining |ong ptn%rrmn%éea@tohg {eb{n rel\%xh@%%aﬁé&&ﬁﬁle%#o@ﬂﬁ@éﬂ Vvl ationships, the
configuration of 15 single-ended devices woul in the short term and even

nore certainly irfmpliamouf Qhaf‘@r(ﬂ’f"gFFﬂ“@t“?E’re@Wi"‘ﬁc‘t“FFéﬂB‘ieeth‘\’et ermned tension
of the di aphl’agmhfdtlmc&tﬂfb&iéw&b@ﬁikﬁgmﬁbdﬁ@%aﬂ@&ﬂwﬁﬂﬂﬁﬁbe!e&én&ﬁﬂtO;lit&Jﬂb{pS are achi eved

by sel ecting the th and SPAL i.al. rel atr as to increase
| ocalized field s %g‘f%me“nusable hf’tsebeesflzi‘W’Wtl ‘°“{1°‘1Q'?t“g°3? eatly increase a

net averdge fiel dwstome,rt:gthhltf:m oftifitallyl ebrdirgs thepropera@owsheitasionThe undri ven

portions of the di@plal@aRlhfiffinifie: Wil lipkll s ihis@inss) sagaced fart her
apart, to obtain a greater net, diaph pl acement per 'signal strength

in for the sane &% mesﬂméﬁﬁareeetefﬁemt arrmelgﬁleﬁeer@mbarﬂnreﬁrswgomy
i ncreasing the naﬂzacftxblerbednesﬂlﬁ@ﬂ@@pmt tnagﬁbticIsmbﬁreamaarsertbhdeh&yaber\/\hat i's

acconplished is C effrcr rea usabl e audi o
output for the s&ﬁ‘g dctgfm SSURROTRG, ?t%{ﬁgoﬁf g’(iestﬁlﬁﬁ@mgmg ﬁf’sr ng | ong-term
stability0by a | dirgtonofighatmef hnmaghes. éfesrwbeetbhlemmpmgmetasarbedmg transferred
to the support St ihehdib Lot 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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The difficulty of the ongoing problemof stabilizing this inportant

di aphragm tensi on paraneter, along with rel ated paraneters of 29 Julv 2005
pl anar - magneti c devi ces with closer spaci ng of | ow energy magnetsY appears
to have di scouraged 30 effective application of the greater energy

neodym um magnets to singl e-ended planar-nmagnetic transducers, even though
this type of. magnet has been available for over 10 years. As nentioned,
this is perhaps due at least in part to a perception of required extrene
cl ose spacing of the respective magnets, devel opi-ng an unwor kabl e
interaction of faugesinp@tMNREfvibdIBeR cemYRRE Sackehlhg oflte Raphrdgil, ¥1nd2005 i nventors
have surprisingly, disc cove a ng a,contra oach direction of
expansi on of the SHAEPRY: %gq?vebocfﬂ\l/\zeeéej%%m Vil ?umdeglle o tIélmag‘tloF%‘l{m?:%%rreI ating the
ot her paraneters thﬂ@bmiuemédtcesb@\pendumabimwméﬁce@alsowemraphnamt| on of the

hi gh energy rragne}&dsignédesﬁqﬁ Wirdsd¥h OnaBsirshi@pbig a@BAL 1 Quration. 5 FIG 4 shows
an enbodi nent having five %ongate rows of magnets. This basic transducer

architectdre of the erm&¥pwagronsdsitions thauldbrirkst B 26504 awsiadalanst two rows of
Irmgnetsh but it h"&f&dbﬁ&@le—feﬂdcﬂﬁnidh\:ﬁidekiknﬁgdﬁbxﬂﬁ(x&SwdhlﬂgmﬁEnuﬁE(lf ormance with at
east three rows 0 mag 35¢ f ound. t hat by using
odd nunbers of rd’\75§n°8‘f 8%3“2" eﬁvéﬂ'enc%%%%&ﬁ%e l?yélgdmglf’m Psons 26  can be 10
formed to operat mﬂ@cﬁel@wﬂm@m&w&@h@ﬂt@ﬁm& whiklr dspendsfopwegneand seven or
more odd number %129 d%{e?na%%&gacmg@ﬁ(u &n@gtura zcﬁl‘?s%n 'uﬂtex@a?(g tofdue to the

d
fact that in a con ration ere ty o manets I's oriented
~ per pendi ddl ar to@q@“ﬂtﬂﬁﬁﬁﬁmﬂéwoi%d (la}fﬂnqnﬁ@labsmbﬁw aphiem ever sed bet ween

adj acent magnet s,21W@tusdd in J@Mdmdﬁnda@bﬁﬁngmwe@mgwa@gy ﬁdadynﬁlﬁie support
structure glVlng rise

t ath 15 o e nount i ng
structure, -i ncr ed%FHG° t?r?afef: ﬁﬂiﬁ#@é‘?hﬁ"@”ﬂéfﬂ% r§n g polarity and
usi ng an odd nunﬂ)elanceﬂtomwhghaerfpoilahcecsmakdrghicids¢aparblemfsuammnhjct| ve elenents
which does not ChaSter xt%@tvﬁﬁloanﬂe&bmﬁm%o s ARHkSaddPLn termnal - ends
to be positioned | ose proximt us sinplifying manufacture of the
coil and$nmanuf a@lﬂsiﬁvéﬂdecfdet’flaﬂéwglﬂ‘é shorptgrmd eysp mgwser2inli it i on can al so be

viewed as a met hqghgldm, lﬂafe&t\ﬁmnieﬁ.gde&nn.ﬁea&enmndmeaﬁiﬂﬁa@fns within a range of .
accept abl e val ues fg f as netic

er atl I.N ar -
B oty whl or it i SBE Wity e Bpordesoilintios SHOSCRBARRERTRIN ' ¢ ace
side 22 and a seGtdagh sudrspaicieclsipciEpas ad th titredsalptalictd Scldsemtdued dtve regi on 26.

The di aph & ' : 35 25
nl udi g high eheray RRIEG AN AGARASE \Gana IRARL Gl T e o “han

25 20 whole. The undrwen 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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N0, preferably greater than 34 nGO, and in one enbodi nent are conposed of
neodym um The paraneters nmaintained by this nethod conprise (22 July pog3per
spaci ng 55 between the nagnets 35a through 35e, (ii) a magnet to di aphragm
spacing 31, and (iii) proper ongoi ng di aphragm 21 tension values. 30 The
met hod i ncludes the steps of: a) cooperatively configuring a support
structure 30 and positioning the high-energy nmagnets of- the nagnetic
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
under goes a per maienorsdak orprainglpdiscoxsted thed adoptipges corit@ry2pprokel y 2005  support
structure stabil i #ifgioh Kex RS théspink Biph Wikees R a6WIHT rently resists
hi gh energy magnetic forces I nteracting between the high energy nmagnets so
as not to per man®@ftipe the ptagr paranelers lrieddboyprrabishstoeive ‘%ﬂ@@?ﬂf and b)
attachi ng the di apéiiggaegimdgaett fivkis Sitppodtdblesbifigahispe 30 with the 5

di aphragm 21 being placed.in the sel ected_ di aphragmtension. An exenplary
enbodi mentbzi n accordalFalI e W‘fﬁﬂ?nﬁ?eﬁgmﬁ"%g%’%tﬁi’esez@gm Wﬁﬁﬁ’?%?ﬁ Mat eri al :

Kal adex(err) PEN Bis bpud tyaesdirgd agohitentam bf theodmbbdimént ¢omrid be dpieredisitbame . 001" t hi ck,
2. 75" W de by 6. Q2 tw r&%f;nggnetgg&qlﬂ&tb&rn G "cvgh%ﬁ? érfo SL pol yuret hane
approximately 5 mcrons thic Conductor: a relative {} soft al um num al | oy
foil layer 17 ni cyiEritleastiireaaowsabmeaneititad st ¢nddde Juis fund tef Bpsiphe nmagnetic
structure to act Uil unibB of reksHP RiAGNE AnduERe WeR oPlgiddd @n Bt put from an

el ectric signal_input 15 Al umn onductive pattern as .per FIG 20 -

Resi stang{é) of conduE PRk °&&I§Pt§'% me’%f—‘fel\;g’ﬁ’é‘ﬂ&sﬁ‘éel"W%VF t hel ene

danpi ng conpound mppdrs of cbw ke psed| TBis isk¥lkast in papidue © thefist tiemagap Conduct or

wi dth = 0. 060" 2 - - pajL«= 0.020" Munting
Oconf%&%ﬁ whGt i({:é%ﬁgr oftg{&ﬁ%ggét%% gnéafn@d RACKERR S s

support structure: Tb gauge ro “Dimensions: 3" by 8" 0.060
felt danpi ng on WBielagmreilpnd hegelaty isteraped bpreeen pcant maseetssthstact ure to film

adhesi ve - 80 CpSferfoy$tist EanYt @bdfor 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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25 Magnet to diaphragmgap (31) = 0.028" ' Magnet to nmagnet spaci ng gap
(55) = 0.188" Magnets: Adhesive attachnent: catal yzed anaero?hfla%d(%l iC
Five rows of three magnets each 0.188" w de, 0.090 thick, 2" ach 30
row being 6" long - N ckel coated Neodym um Iron Boron 40 nega Gauss
Cersteds Performance: 20 22 July 2005 Resonant frequency: 200 - 230 Hz
(adj ustabl e by di aphragm tension) High frequency bandw dth:--3 dB @ >
30kHz Sensitivity: 2.83 volts > 92dB Wth reference to FIG 5, which
illustrates a diaphragmconfiguration in 5 an enbodinent simlar to the
enbodi nent shown $upparthygucprestabibagsthé mggﬂbﬁmlamreBéaﬂboncmlytmists filmvibratable

di aphragm 21 i ncl yaes . anmaGld: ¥feed £ Qe geﬁ,,eg@tg e 1SR ch ag Veygs, of less than

150 square inches. The actlive region inclu a conduc portion 26
configured for  cobperamresalygieg sdsed fegnen Pitemsionaed ure (not shown) in

‘converti ng t he i nput B)I € C htfab 1By the Hiagidadm J1 7 tRe sappo ktfubiBid QMg acoust i c

out put . 10 cod ortion conpri wire or trace conprising a
conduct i v mat er ng Plfl‘i‘?&?rﬂbe(ﬁr’{%egg‘ ﬁ‘f‘?g’BFe”%\‘f“t ached to the di aphragm
so that the two |nt egmbﬂemplﬁrpexnhodmﬂwm:tordmeewmgilcmcoiﬁnﬁesdr| ving signal,

typi cal ly out put ‘?ﬁﬁ'ﬁ?gﬂ power anplifier, is input at termnals 26a and
26b. The output o transducer has an upper audio bandwidth linmit,

usual Iy extending up MeteriaheKaladexB| RENca pdesthylegenaplghedate filhni t of 15 audi o out put

bandwi dt h even greaj ep;,than. %&klﬁgcklﬁsomi@? “hik SOme enbodi ments, sone
enbodi ments reachi ng 50kHz or nore requency bandwidth is affect ed

by the diHphragm si%eCondickopidhestyen %Vli%dpﬁé&@ angapproxfyeately Smgferensance of t he
conductive portion ofwiche di aphragm One of the advantages of the
invention is that the _device diaphr at%m can be_realized with smaller area,

20 | ower noving nass, CUAtor @ sdatiyaligt pluminam dapfol fysr bf migiops ik, g1 e ended
devices, all of whi c&nﬁgaﬁdfbabﬁpémtbuiﬂem&ﬁagﬂmbmax&mdeﬂetm gh frequency

response. Furt her, sur ngl ed deV|ces of this
smal | size, the audl oﬂ%’m B on%cggn%d?e sf‘sro ;&ei% cafl %mlwé’r audi o frequency

range sufficiently 4 omlulammginducM\pﬂnetn@spetHG ZDO to 500 Hz range in many
enbodi ments, to enabl e cr 0SRlPEQYRhndiGivEpats = 3.6 ohms

¢ P Moyen polyvinylethelene damping compound applied (Per FIG. 17)
e Four turns per gap
* 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:

20




25 woofer, while also having the ability to performat very high sound
pressure |evels across the bandw dth. This unexpected i nprov i
conbining smaller size and conpatibility for integrating w t??%&/yeirdbs
frequency devices enables conventional crossover network integration with
standard | ow frequency sound reproduction equipnment, which can greatly
enhance the marketability of the 30 planar-nagnetic speaker in accordance
with the invention. Based on the foregoing, and favorable cost of

manuf acturing, this opens new doors for effective conpetition with
conventional dynam¢ ﬁ@&ﬂiﬁ@xrequ%wtmuoiﬂs(a%&sté'mﬁbydﬁﬂﬁfgmt%ﬁb@ unexpect ed
conpatibility of the ent |nv (h]lhon Wi_t h ké)w frequency woofers, even
when the invented de afy Repags f 8F @K% i or art  singl e ended

pl anar nmagnetic Ioudsmﬂﬂwyszsmrxkse:mdmto enbodi nents in which the active
region 25 has a total ace 0 than,100 square inches, even to
5 less than 80, or ev‘gﬁymgm cetoaﬁeas Hﬁwhtﬁﬁém ugl phmlgm(‘::?'un%guranﬁ "l ect ed

enbodi nentss. Desqmembodmwtsmshm the sohofliment stawa i thepleeiges fgeviatiesst can stil |

perform down to aonmmfﬁ&wbﬁ{aaémﬁﬁgm&rﬁaw@gmeuv@aglo&%pas b .,ch have an
operating fundamental resonant frequency of |ess than 400 Hz with the

ability to oper at®¥i ¥ ssdhap &) sveesdsbitc Jhe aFthPrf"'S‘mb‘F"l‘S’Gs 4egdsgiye Hz or | ess. In
transducers in agqeAbH2ateeigdcd P dobRrati SR e agdettasmldird WatG@RE) L al operating

resonant frequen sef ul operating
frequency range o'%; t%«%gatg&\n/‘i’md%éémiWﬁﬁgc'dﬁg’gl%gngﬁ%\\‘ﬁ"ﬁ&ﬁ%‘h ®an operating
resonant ¥or equencpynd@ﬁlvtmntmesmwmh'mmmswmbﬂwsmmm surprisingly

smal | si zes whlIedn@lgmkarp@géau@aua&gheu&%taﬁbﬂrygmm%ft&,{, Shfsm and  sound
pressure | evels conpared to prior art sinhgle-end anar -magnetic 15

devi ces. | n sone RgHarsienthe diving sizpab &inical @“‘Hé#P‘EéEO"fehadltPhﬁ%\}% active

di aphragm wi dt hSnlﬂﬂcat{eﬁiﬁlﬁlsmbz&ﬂd %bSThm@ﬁsﬁbuﬁanwu&emak Qﬂ@%éﬂ&ud@f 2 to 48
resonance

i nches or nore can ivel anent

frequencies in thé d?”é{l%gea'b'fsuail ?“ e g etbgﬂ‘? %’I"é‘ﬁpe& thy, high stability

magnet i ¢ 19t r uct uraedio @uput hendywdtideyerngrgpleethan 20§Hzicdbiined iesonfehan t he prior art

even wi th the smabbogh AR acm:lifaRllignoliht: 48, dighhnaqy for m factor is
er & g

altered to be on the ord I nches w I'nches .(or nore)
| ong the resonanttarpifueatEseddy thedpabssm siee. digiherna yooyipe Bsepattthon  can be
reduced to well bﬂh@ﬂce&@@mb&dﬂ&ﬂvelpemsﬂdfkﬂedﬂéﬁmmnt)&g:fmdﬁd%ﬁdg@sldfer in size

than a prior art _si.n ar tic.l ker with the ability
to reproduce as & °'f'rsg’ﬂtd€rfio‘§}°e% ﬁl?’igﬂ’g?“ebefﬁgzegﬁglbﬁl”ﬁéﬁ%ul d not only be
snmal | er 28 but cdovemsheinghmsseang fegsatdectaned than prieac yinglDeddddedkenill dthe prior art,
when built to t h%ﬁh 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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sizes are limted to efficiencies that are too | ow and therefore have
limted sound pressure |level capability. Even smaller deviceszz igy2mg
active diaphragm areas totaling |l ess than 20 square inches can still
operate at a resonant frequency of substantially |ess than 30 400 Hz and
mai ntain very good efficiency, generating very high audio outputs conpared
to prior single-ended planar-magnetic transducers of- the same size or

| arger. This small size device can even be optimized to have a resonant
frequency well below 300 Hz and maintain very good performance fromthe 22
22 July 2005 resonantnnimﬁﬂmmympaﬁbﬂhjrg}ﬁerpreﬁernaﬁummmwp to and beyond

audi bi 11ty wit Nouk. f S L4n0. 2 SERAL Al & HREL ShRKeh BRI E,SHrPr i ST nal y,

wi de range transduc ron-can ge riade smal I er
t han nost prior amglﬂsﬁm‘iﬁgmfenaemweﬂm londspiakdry, extpadsiegmbodment iy wiiigetheer al |y great er

than 1500 Hz), pl ﬁﬂ@erre 9@%@&@%%&%&% lﬁdsquarmcha%ﬂg sizes of
greater than 50in2 ese invented devices of ch smaller area can be

operated effecti v’é?sy’a&@) %V%%%%@@%%@Pbﬁelemeﬁ@dﬁmﬁ he sanme tinme
have the ability bepiwatiiksnfil futfideias thgse dONBs dastill pbrfiih HovaGaEWREr F ange such as

50 to 50011z. It _has en fou tic transducer in
accordance with 19”§0/e e%%%tf“@r%’ﬁfaﬂa%afm?%gerfqﬁ%g‘ﬁn%g‘S ©E%* e nade having an
active di aphragm freqeesrson lesd than 480 Hzotithhe gbility operaty with adéw frgsmeit han 9 square

inches which wil lllrﬂl"c;f'SO Q%WlegshﬁlMd%ersﬂfakcoﬁfaﬁc‘e%%@mvem&llﬂﬁ still having
an operating resonant frequency l ow as 500 or less due to nuch

greater el%ici enc@‘“%@F“%?ﬂefa“%F@%a‘&rﬁﬁq"ﬁ’éﬂ'éaplé?’?’%"ﬁ Wedowrrdimitahm control  at
the fundanmental reeorvpsiting fr&ﬁéﬁ@ﬁﬁt}ge ofiife de¥iceC RedifRbRdiderCRMBAuEISAN of an

enbodi ment of the_inventi on r art.. |n | e- ended
pl anar - magnet i c | BGASH eﬁ\?(“@? %yﬁﬁes?mﬁ%@?&m LromRlshe é'gof t he advant ages
made possi bl e. Taﬂwnangmmﬂmwblabhlbels@mhnlauaﬂymarﬁ@chqudn accordance with

FIGs. 4 and 5 andso§dd keEkGre'lJvel%BmBa%edtt@prBﬁéé&m@le%ndﬁ ladd¥magfetie  @Ctive di aphragm
area 25 (Iess t han square i nches)’. ?ns wth the 20 snal | est

prior art!single- ‘l?ﬁ‘&“édnﬂ’é\‘?le’é’é’é"q@%%ﬁmt”@“éﬁﬁﬁﬂ?“éﬁ‘ﬁt"%““‘é”ﬂ@ﬂﬁ"@@“wth a
~ diaphragm and f r an@th$\ediesd @ dis RIS b@REh RhgtB RO 48rchedd mdQcan and, confi gured

bstanti al | h at ent 499 to W
AU R I L ONE AT N AL
devi ce required &08dpaltatigh eredy, higlysabity hagostic Rbauanan provédethigherpor ti on 25b to
25 extend the syskeem Qs bk LERkSrith MRafthidpfed A& Ywdddd! ng to

manuf act uri ng
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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cost). The efficiency of the speakers in the FIG 4 enbodi nent of the
invention is at least 6 dB nore than the prior art device, ang?r?uql 506159eds
an active diaphragm area about 1/10th the size. This is furth Y
illustrated by the graph of FIG 8, wherein a frequency anplitude curve 5f
represents the output of an un 30 baffled transducer in accordance with
FIG. 4 and 5, the curve 6f that of a baffled prior art device (FIG 6) of
nore than 10 tines the area, and 7f represents the frequency anplitude
cure of a baffled transducer 100 of in accordance with FIG. 4 and 5 (and
as shown in FI G jonanffeequehdyles higlet fajudpyieship @ and beysndeinitalitdheshiogte, with | ess

-than 1/10th the j: | ngggﬁn area 25 (shown for conparison inside a 23
22 July 2005 frgﬁ%’%gggg?&t e prior device) can be nmade this nmuch smaller
and still have subst aFrer apre gamrisipely Hfe rngcdnurdprenempelipisiishyut six dB greater
sgnsi tivity. _I_Enbﬁ%ﬁm%n%eQﬁqe;srbﬁleﬂtﬁhﬁﬂﬁﬁ;pﬁ’d?a@ﬁﬁkletbﬁ&’f &, Eh@equaicgat er ef ficiency
advant ages. e uni que specific range of size, frequency range,
and nmagnet’ 5 35a ?"H(ge“ﬂ?@ﬁﬁ?tﬁmgfbﬁagﬁ@ﬁ"ﬂa qt‘?wﬁﬁﬁsé%’%'{ﬁ'éhe exenpl ary
enbodi ment shown having fekGaf ghatert@ans0idd . Thas¢ ivented debices bf ratcealler atehe f or nul as
expressed bel ow, I A Ji .an havi ng t ot al
active di aphragm %?é%}g%%ﬁ%%‘éeb{agénn&gﬁd@h ms{%lr}&éegg[%%%ﬁ@gg%%see formul ae
define struct ur eshevdibaabifipryewdsedisctiyply doanitoalpy Eequency Breesich a3p tosi ngl e- ended

planar nagnetic degiiL Qhes bbéh fIRE thfitia pRhar BRI trafsliucer if XORRLEGMAT € root of A)
wherein (Fr) equals the fundanpental. o%e}\r?atl nal res,on(gn frequency of the
transducel? i n Her¥e gpgdipsays ofthe nyeatiqnigan By made bauing an adliye CBPHEE® ho { r ansducer

di aphragm i n squadkgion witi h @8l sufite sred of fessuhan 9 dibre ingl®s thich wikbwat i onshi p of
frequency 15 to area of i oo JAE S ; ' IS el endent of gap
si ze and focuses p“ﬁ@?egmg%\&? ¥ %%ﬁ%’?{/m’%%ﬂgﬂp gﬁ_’@‘ﬁ"?‘%@gg‘{g"‘%‘ﬁ& @lgn%g of the '
di aphragm A secondépwiagithiz gr lpss duefiy much grem@efficiengy par wnitape andaforcd) / G wher ei n

(Fr) equals the fypdod@phain osRPRaHR funfiRANGREHMn g, t ransducer 20 in
Hertz and (A) equals thé vibratabl e area, of transducer di aphragmin

th
square itches and (G SHPANCORPESGHY b‘?@“&f“ﬁﬁ‘ﬁf"ﬁﬁﬁ?“@&'ﬂpaﬁgasur ed in
mllinmeter at thewo ap@nirsfingledendedflarhiAagsdic Dedspakessuiny dgfirthet N t hi S case, the

S I ze of the gap i in f c%gto?{hgd vanitaré;[:s%la;[:lehpeossllbil m'[tagetalh tl:Iegcré cgsi %Pal acenent of . t .he
di aphragm which ‘a ect's e?df I crency and. |ar ge%gol gha di spl acement limts.
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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25 A third fornula contenpl ates an even nore inpressive range of operation
for a very small-area device: Fr < (1000/ Square root of A)/Gﬁﬁgﬁid?ﬁ( Fr)
equal s the fundanental resonant frequency of the transducer in rtz and
(A) equals the vibratable area of the transducer diaphragmin square 30
inches and (G equals the nmagnet to di aphragmgap neasured in mllineters
as the center. _of the transducer diaphragm A fourth formila expresses
simlar paraneters to those above but with the area being replaced sinply
by the width or smallest dinmension (w) of height or wdth: 24 22 July 2005
Fr < (1000/ W AndfrapepFof e pripr aqyice} con he riaderthis mush srepdler apdsill bexginet i ¢ air gap.

Fr < (800/ W/ G whaab@inihil} ik Jan8 GbiAtndy fefpbnst bR HLAL sch@vppnant frequency of
the transducer 5 in Hertz andeééi equal s the smaller (w dth) dinension of
the vibratabl e ar@aPogimentiqfthe oy %&Wﬁf%ﬁ%?&éﬁﬂe ¥ AUMES and (O equal s
t he magnet to di aphr aD®ugjqye specifcation of ehngeraf side] freuendy@inge, @id niaet cent er of t he
t ransducer, di aphr These farnulas c alize a uni.qu ractical single
ended pl arfar mag%gﬁaéi AP o%szgl)éng?(ngtfc ai'rﬁap?qntgf)tg? Fen %‘?, en{ééﬁ%"}gleng‘c’shg‘%om in FIG 4,
for which a 10 siaFiictrode faber Hhsntedintieifauuladearesesd belay, pasticwlarieous| y support
magnets of great ey hdidRntdPralliiders RAvRE SRRV PRSI ead JRE a3 15030 whi | e bei ng

spaced to maximze distribution of ‘magnetic energy and nmi ntain di aphragm
tensi on st abi | it ysdueseipebes. These formplaedefipe grt b drrapaeaizalisdhet spaci ng t hat
is at |east 75 tqridbftsinfibeidebpialiriagmfic @viceks.nch or at | east one half of the
w dt h of gne of the r‘ﬂﬁﬂ%&%m 15 An enbodi nent that can be used for certain
applications, such as horre Fheatre, could be to conmbine a nunber of the
pl anar - magneti c tr ansdtdd®P&sqa@rootdbslcri bed above and as shown in FIG 9 end

on end to form for iﬁﬁ{eﬁ@ﬁgequeﬁﬂheiﬁ&d%ﬂ&%fcﬁ:@mﬁohﬂ?eso%ﬂﬂﬁ&;%en’c%ﬁ%peaker 103
shown in FIG 10a; or sid shown in FIG '10b to make a wi der

e by side, as.
| oudspeaker. Thed@nslycsiie HeeaidAhsyalyshe vibspblgiapeaef theprmsgicstes, parallel or a

conbi nati on of t higapheigm in Whirbintied, b feeuld efifek 68 relationkhipdT@reqidney | N anot her
enbodi ment furt h% | ement s .f.aci ni ng the advant ages

. are Sotf{hug %éllcrerall“hige ression js inde mJ it%ﬁ : es'%btﬂ?éc e : P
of high-efergy maghets to provi as perFariance ennancensnts while avoi di ng
t he previousl y- dimpeumdrghency as a function of the size of the diaphragm.
A second formula 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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probl ens that can arise. Due to the extraordinary inter-magnet forces when
using 25 very high energy magnets 35a, 35b, and 35c, such as >gby 05
neodym um which, as nentioned, further bracing structure 52 can be
provided to keep the inter-magnet attraction and repul sion forces from
distorting the main support structure 30 and therefore interfering with
the tension_ calibration of the of the diaphragm?2l.-.30-At | east one brace
structure 52 is positioned in abutting configuration between at |east two,
and preferably all, of the adjacent high-energy magnets 35a, 35b, and 35c.
This helps to nitigate th& eflp®8Y) of magnetic attraction forces

potentially reducjmgaﬁﬂg%ﬂﬁ@ﬂgﬁ@ﬁm@meg;@;@%&ppet ween at | east two of the
high 25 22 July 2005 energy ma Qets, so the high-energy magnetic forces do
not deformthe support stfﬁ%ﬁsf.’ﬂ@)‘éo and thereby interfere with the preset

t ensi on of the di aphr ameii(Fr) equeloths futldamedl eesaiai GeljusRnéf thamisdgerd br ace
structure 52a. In,this e t St t iS.a at.e utting the magnets
to hol d thim in pwg%retzag%@re&alﬂ?}e S?T’ldérlu(%ld% %ﬁlan Sf ?fgéedrfwaggta{eﬁ?ﬁ] It can be
seen that hol es SBatranidneerdjiphyabm ingnch@anddGheabyds thegnagwst thaldipliragmedap ow ai r and

~sound waves t0 pag&skdiPh@heRR: hdienRbbbhSrhnd@f adpfagh Partially
acoustically transparent. In this connection, I n another enbodi nent, as

seen in FIG 13 a br atiepdoraplatean realizs ap0iqis wactical gnelespder gianaed f or nmi nt ai ni ng

posi tioni ng of higineinbugyeakigrabslinkds, sucB2dshoa @ FRLE, fGanicke a | attice

structure,, 10 that_is configur to resist c ressive forces while al so

bei ng very open t%m&"rr%lg ?ef'gapgﬁ ithgaﬁca%se"a‘?léréwgﬁ%egug‘ﬁngs?flggﬁtgrparency. Thi s

type of struct ur etianglm§Onmgeferatdeatcalsethinsd mGRwhile baingrypegriet maximizdet ween each

adj acent pair of &@m&%%@m@%%ﬂ&%&%&a@@mhmbﬁﬁy Th@ur, five or
own

nore rows of magnets. Returning to the enbodi ment -s In FIGS. 11 and 12,
the spacer plate ®3shigyd thoyeh mRERR toagrsheipe ettt dpat Reto &k er peri phery of

the outer two nmagh®kmdidan indhdEat (s 6ok hilfofthd WidIESTE ofel ofihindighert. he Structure.
Mor eover, .t he plate can eri phery 52d on

, e, . further . extended at.an outer
either side, to exten ?mg?d”ﬁe &&‘%Bﬁ"tb,eusfisﬁéw%?pwc 'iﬁoéls’ﬁlﬁgf““g% of the
substrate of the Gappowld bstorcomtingnaud@r ofithe plaharsregetpadasdesd 100f ur t her hol es
53d are provided &é&k&hgtgyéééafudﬁﬂﬁmﬁ;%ﬁb, IBIBELS ‘°{Q‘§‘ﬁ“h oriﬁsQang’é This latter

configuration provides Itironal ri 8| dity, no y to the magnets, but
al so to the side 88 grrsowerdoudpenerdp shpvet i3 GiSp Hlatorsideysidae,  f urt her

hel pi ng to st abi Ishe ik h6. 1db ShRREHwae Woilpars, THeRRRksHucEE Mbleleur € of this

enbodi ma_% to tevpu%(liI(I)lrger;[eskjgargie%rr)mo%%&t%%o etwk‘lmlm nimal variation in tension.

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-

25




These features may al so be thought of as a way for naintaining 25 di aphragm
calibration for operation of a single-ended planar-nagnetic trgang 5
which utilizes a thin filmdiaphragm?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 froma magnetic structure 35 including
hi gh energy .nmagnets, at |east 35a, 35b and 35c, of greater than 25 nGO
preferably greater 30 than 34 nmGE0, and conposed of neodym um The
calibration in this method relates to i) proper spacing 55 between the
magnet s 35a t hr ouybrgBbaEnetd, so)thahintyaasrey magoetls fapptrdagondefprachersgpp8d, and iii)

proper di aphr 80 a8 Pflor] ek Ok Gl DSon HuRBBRIRnag, 22 July 2005

a) cooperatively configuring punt |1 ng port structure 30 and a magnetic
structure 35, positi ofingider preemprdgenidadrepbrasegietre 5291 Intieasedignet i ¢

structure 35 in auhdirek apthty aRRACESNARM 16 hdlEhél in @ASHLPresistelr Wher ei n t he
nmounti ng _support structure 30 %t abi itﬁﬁs 5h§{n§) pet%c siructure 35 and
resists high enerfRF SC HigHEy &g ferLatPpeseraBep S’aﬁé WBeYF t he hi gh energy
magnets, so as nqirovided toialiwenisfant sourdivkves tolpess theough and the plataisdi lesthr agm 21; b)

ttachi t he di . : Wi ] j aph | d
attaching the '}gﬁ%@%%u%@%lg%sﬁa%gﬁ%@% ?&&%&g@%%ﬂ&éﬂabmﬁenﬁ%ﬁ& ragm place

in a selected di agm ion; E nq% an rnter-
brace/ spacer st r (et G5B ajbppoipgypces shigpture1 b penfigrgd dergtaingingg and bet ween t he

adj acent - magnet s. polifionig bf high@neARRAERI B, I5BLank PR canltR b BGIR RGcuis EPS are not in
an order of exec(t#ll on, which can be varied. . a spacer mght be

0 exanpl e,
attached Yo and/ atﬁl"ﬂif}ﬁ‘ﬁedé‘?Tes”ttFPélpF’Fﬁ{j’ﬁé“t““sesﬁ@gtalrs‘hbef"éﬁégp‘fpéﬁt@ of each, then
t he magnets can healigdathiphldetke bfnctubtiz tanspparyt. Thistypedfsmefuretcnddibet he di aphragm

is tensi oned and t,ach i i . | St i ween the 15
conductive areas u?%dr?gﬁférﬁghcyet\s% %ﬂ%ng}v% érgg'%'&ggﬁk?ﬂ%%gng%r?g%&beggh#ﬁ% magneti c
structure. |t slvdatebingsvondires dour, fegor mheravsohmagadhduct i ve traces 26 of the

coil are shown att acighiteQo ihhGntsdislent ddwPh Fidte 1 1dind P e §Re2HatOPPOSi te the
magnetic _structure 35 the%gcoul d be located on the first 5gurface side 22

closest tid the mAyiudLee oWyt the pwer pErIpAEY, et outer A magned35Be i ncor por at ed
within the 20 di ash@agm futherrg@itpmpitactny. NMaedvemte jliiecagbefidkieagm of a

phinel 13 of |ovstiit o GpRE I MR ol e, o
wi thin the di aphratgipesi3ps #lbfof thasbsgate efitlerspripert gfucture Bb Inthist er, | ocal |y treating
the di aphragm fi |.fha@ndas fubter BEME $3d abe prod EWIGHkskdY 65 thaMlef Ragnets 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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| eavi ng ot her portions of the diaphragm non-conductive, a coil pattern of
25 conductive material can be formed. An adhesive and nmetal pringjpgogset hod
can be used to deposit the conductive traces, as will be further "di scussed
below. In prior art single ended pl anar-nagnetic | oudspeakers, it has been
a necessary practice to use many nultiples of rows of magnets placed as

cl ose as possible to each other which can cause undue anobunts of acoustic
| 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 mragnedogeritinely gprimtingra dnating eppuiatictuceioand .or -at  hi gh
frequenci es which ; b Dy I r . response foll owed
by attenuati on of mt%éhﬁ?'gﬁ‘%?}’%%ﬁg’ﬁ%?%%{%ﬁ‘gag?efr'ff?fﬁﬁg‘%%‘éh frequency
extension. 27 22 Yptye 3005 lateplly spacedravarpsiptiqnship; andgthergia the mayngke ener gy nagnet s
as in the instant sippinteRichRno stitiz& tRinRBas SuddiaiasRsi nighleasgst possible
spaci ng vmg h single en ouds eake%%jé%g?rbecone extrenely problematic,

ed |
not only atousti c?f’qnﬁﬂ,cg%ﬁfm‘ﬁ'i“%g T B MAEPYSS10 25 RKE i nt er - magnet i c
forces discussed infedars eithgheyterbiercadagiaghogi 285 gni fi cant that the stability of
t he nounting structurgs, LGl f reliability, can be at
risk. Also, with the rnew F%_%/h?a gg}ég?ﬁ%%&}g{thf%gﬂggts%ﬁ@a@% ‘able fromthe
i nvent ed device, fitpragrepierad ine selcstgdidisphrogmepsingtindhe prior art smal |l openi ngs

(10.2 in FIG 3), betyeenphdif aiBeR8igtet BreclpRRdmphred2 eRhuBCOMe  significant
in terms

f, not oply, linear cayity resonance jssues, but even to the 10
poi nt of tausing 'l'r‘?@‘r‘f%fhfpﬁ‘é”é‘gg‘fweég&i:#@%W%J&%E??apﬂﬁﬁeé‘t%% is true for the
structure of Fl G foRgagtstapspampiivananid: «f eeputisd, @hicildn Be Jagddwe@n nmagnets 35.1 and
35.2 wherein_even.greal gled ARb0G GO s 8k ALy dtopdocper magnet s
for a single-ende évi'ce, c¢auslng acoustic unnel ng an Pesonant
- cavi ties 10.2 andfacepbeach, thamhempgreisisan be@bocked totheGuppod struptpre s thieeen f ound t hat
using very high engh@ym is BRGIGLRd Sached withatRntidh 3 MeRaRibtGtkeR] @har - magneti c
tr.ansduce{ 100, and, spaci ng, t he rrak%nets at di stances that woul d nake the
magnetic Piel ds sOBUEREFaS (Heajraces i and Rramagyetsof e Magnelic stEiiufee g |
surprisingly, can i npitdwdd Gehetedtpa bileRrosinctivivedess@s ofalecboit &b | abi | ity of
singl e-ended tra Ver.. s been done, hefore. 20 typically
i nvol ving bringi %%ggcﬁ%gontg{%&é@?%@él%’a%mgg&qﬁ8?905116%%"1%%] efrilcovel approach, the
di stance 55 bet wesetuag 35| thayseuld hgdoeggion dindirsgBiface fide B elosedljtetbent  hi gh ener gy

magnet s 35a N ouakjneS toiobveRine Bl SEHEA b nlopFuk BRIFAR T NS of “an i nch.
-ur er

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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performance value and reliability can cone fromthe spacing of at |east two
or nore of the adjacent high energy nagnets is at |east ninet }ho ndt hs
of an inch 25 to 150 thousandths of an inch or nore apart. Ano ery Way to
view the optiml spacing is wherein at |east two of the adjacent high
energy magnets 35a and 35b have common di nensions and the predeterm ned

di stance between themis at |east one half the width of one of the

magnets. Taking themto an even greater value.in terns of magnet to

di aphragm 30 area ratio it is advantageous to expand the spacing to at

| east seventy or one Withiidned uprerf eenlighehergymegmtsat in tofinsttdie at | east one of
the two adjacent M{tﬁttﬁmstanma&ameo?aﬁsr&sosﬁﬁps Do GRE LbgRAn@Y" W LD Lhe

spaci ng between all or portion of &t s S, or to have variations of
greater spacing blatdiReasrsEaIscoms priremely Pf?Pé%na%%Oulib@@ﬁmP'b’umaiwat t he depth
01;] the(jlmra:gnetgI :Sm&ﬂdn[cﬁlﬂyZBﬁsrt{ﬂieW@kﬁ@%ﬂc&%‘%ﬂﬁuiﬁﬁar@@@b@&n@& July 200;5 Vﬁs

t he w dt an ower r..words, the magnets st econom ca en
they are &ppr oxi r’rséqng—c?‘tgﬂﬁﬁf'gb‘?%o@ed’?g“t@%ﬂ?f‘%ﬁ paﬁ?c‘ﬁ%fgéglf%’%?"’ﬂeep t han woul d
produce a squar e miagitiofcan Bt gski 8lsh) edntisewiévels bfacougiveupuhvaidbleengt h i ncr ease
of the nmagnet ac justified by the
additional 5 exp eﬁdggﬂ{%gvegx%&gl dmgac%ﬂﬂ igidgg%wgﬁnhg%@ﬁ%m%gter about the

poi nt that the de‘t??%“gs@ﬂ@&%@Gﬁhéﬂﬁeﬂpéﬁ!ﬂagﬂFtﬁWqﬂ#3%%W@C| ated that nore

squat cross sectlspgﬂﬁic@tﬁtenﬂseaa%@mwmsbe&mﬁa&b@ncems bheveRBAREt S currently
avai | abl & becorre tﬁ’?‘f reakabl e at oi nt _and the Iower limt on depth

di mensi on'% s cur ri® a‘F‘f“?ﬁ"Pé‘ﬁ“‘B@fsmﬁ’&leﬁ‘P Bits TROARES fee frdieher than an
economic limt giswemmrdof RiG 2 vithemoy apbdeepsivi 10.28wemsiagnels8s.shaul d be noted

t hat anot her cons{,qi, [ gap for each
magnet circuit, é ?g‘]&ggﬁ&&w& %r&g %%lg%]&%a&em&:{aﬁ %hﬂagﬁrﬁ? o

(relatively speakﬁif’i*%’gl)'3 e%ﬂeql'émcﬁgﬁumg@aq“etrch@ewmmowgam(sd@ﬁhndr et urns) can be
quite val uabl e tfpizs regard. The performance val ue can be enhanced t hrough
t he above-_stated I5 roache aci n artly because a greater
area of the diaphr ag oy o 6"% lﬁgﬁ’g%ﬁe‘f"rﬁo ‘Pg gg‘*’(‘ﬁ?ﬁ?ﬁpar ed to the
prior art. Put anmgimerssw,asnagleM@nﬁbarmgmﬁmrahsﬂucdllamhidagmngmea rati o can be
very favorable tq.that r ti ng even greater

el ectroacoustic %Iﬂ%a“ﬁ %eg?%tﬁx%}l@?a%% mngﬂhét%cfg%&nﬁauyce across the

di aphragm This i¥asin the pins systeras, panrisingly, aqapimesene the paforipace20 di stri buti on of

- magnetic energy ivad, Bt c6lBdiieF 6 sinfiBnded irafsdG QR G WhaRRYs b Wene BicE, M | bUt i on of

rragnetl Cc %t ructure_ praovi gdes reater open area_ In t he cavities
typically involving bfinging 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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bet ween the magnets, which is acoustically advantageous, reduces
inter-magnet forces and keeps them from di sturbing the structyy r?p% 0tShe
transducer and tension -of the diaphragm and provides better Tfragmei vol unme
to di aphragm area usage, 25 for nore economical, but at the sane tineg,

smal | er, 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 ternms, about 1/4
inch or less is a useful spacing distance to avoid noticeable distortion
for transducers rapheoditsmmddovier. dejethen pids tho maghetk sy maOecoomipakvdeer . The

above- suggested dh RN S @&nﬁys@ﬁk&ﬁ&%sé&ﬁﬂ%&éb@@% %anﬁrﬁldldicent conductors
can mnimze effects of un- drlveﬂjéggrtlons of the g

m, novi ng
differentially friSieeRseResgset d peatsp e HF’&‘E?‘?P%W@&WW‘%PFBH by the
conductive coil magmaoamddmgaddanghﬂdtnhlelabmﬁmgjﬁm@ﬂejnheadﬁmmﬁe 29 22 July

2005 In (‘Sorrparl son. v eot({ﬁﬁgfdmonal deV| gm rom rbab de%w%t t%eadgpqﬁs 26 conpri sing

i ndi vi dual” traces res nets to adjacent
the edges of t heedfisdsgkedieiglit. ¥t wél hearpreciated B8 more squptgrostpectipisiaggst r at ed enbodi nment

two turns per nmegpef aésﬁabﬁrml@y%etwu&a@ PEiOLbREmdBAREkDI3Pd and e having
one fewer 5 turn on t%e outer ed has been found to be an

advant ageous arréﬁ’@%fﬂd@eHﬂﬁW@“&%ﬁﬁfﬁﬁf‘?ﬂ“WﬂmWﬁng coil turns in
hi gher intensity Iﬁwerr:hlkﬂiﬁ&erd@fatﬁehﬁanaﬁboﬁhodﬁcﬂnﬁtgﬁvhi@eﬁlﬁéﬁl@lme FIG 20 shows

a possi bll% patter ”%tlﬁ%%’klﬁb Flﬁam Péo'n%n %&gs that ll(‘hg)ul .d be enpl oyed

w th the enbodi nen Sws an enbodl ment of
t he invention mhegamforﬁa@magn@b@u@n@éhﬁrefmm@rsmmdWtslertnmsmsducer 100 has an

addi tional str uct(magveg@ éhﬁ@gﬁ},@qlgtggatgrtggndud@L}Qat(hd}gc@gg%ﬁ,g Sskructure 30 that
i ncl udes one or nore era support structures 36a and %Gb whi ch proj ect

forward of the se"é’@ﬂ’&f%ﬁ%"&%e side 23 of the diaphragm?2l. As with the
enbodi nents descri bedrhab@mmanaehauddaamdlmmaoﬁgﬂtmbm@mea hi gh- ener gy

magnet arrayformn i c.strycture 35 Iedtothe
mount i ng Suppor t ag?r%ugf{l}aﬁgg?fgspacﬂgg % H?effrear%ﬁrrff‘?fn%déaﬁ%acggp portions 30a
and 30b space t héediraphitlaigwrer ragetd essiparedito the pricd as tfatrpeth® Waf,rom t he nagnetic
structure. The digpof e'@%ﬁﬂa@:garm%nbg%r}fa%'?abm?&’thﬁbftﬁﬁnope separ ate,

attached structures as shown, or can be integrated into nounting support 20
structure 30. Thetwhllegengraliog QyprareieadlsctiRapqyitis of et efBsiielet B¢mP® and bet ween t he
lateral extrenmesin®d forbd WRroS IR B ada0 Mhis QipSarsdb baMLgtibrAppraapp@Et Structure

30a, 30Db ch at ar edlstnbutlon 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. anotpbﬁanseadfmaism;m;emetmw@{M&@M@@Aﬁd@fandaaﬂﬂl&naﬁan be covered
by a wire nmesh havi @%.‘5" el %nggﬁ%lgertlnes in tlt;lle?tl)atter case, the
lateral support SPEHETUFETE® &t ey ngSpﬁerrPt‘.’)’?l'mf‘B?’yre §%material . 20 These
structures and cosppos;atachastrucutes asishdvaye camdt infpestad inb inobtieglsugrtsuch

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
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in prior art single ended pl anar-nmagnetic transducers, can be particularly
significant in allowing the effective use of high energy neodyﬂ'ﬂgl Eﬁgnets
whi l e avoi ding the significant problens nentioned that can arise YoMt hei r
application in devices of this type. 25 Referring nowto FIGs. 17a,b, other
"issues related to the diaphragm 21 nore specifically will be discussed.
Along with the very critical paraneter of diaphragmtension, another

di aphragm 21 issue, related to tension and drive force relates to the
behavi or of an undriven portions_around their periphery, between the
strongly driven cOPRItRSSHpEt FRgIHIP 20btheipgsdpsenis plasripesiplabR taAfnt 2 1a. This
30 undriven and/ OFIGt Brafid thet degufibaibefare 202 co@hnglituctuas7 sould 6feowde di stortion and
frequency responsg}s audito anonal i gs‘sa. arti cuL@rI L exacen oe}gsgg by the
increased drive PSUSPSICIREBEI: SEHTT HEFSHTS REBTHE "ERer gy neodyni um
magnets to a si npndngaf theoyntimpryawciunei§nb plsacpretectthe daphesgm fiom heran be even nore
particul ardy appgois&&gktgﬁtgsqtagpgsagg,%@teic&g' down to a woofer range. It is
advantageous in 31 22 July 2005 "mtigating these anonmalies to danp the

‘di aphragm by appl yi ngT‘%f”&‘ids‘E’e‘H’SS‘ﬁ%"mWégP?érﬁ‘i gfibe BadsFPRa fFeri al 60 al ong at

| east a portion ofonbhiioPeKidhPReiid adddcedntlagnait sHilddp. Thieshitidbzainabl e di aphragm

21. It can be preferable to appl his. materi al ut.si,de of the nost
central portion ZIETG'EWP@"{%Q@%%H’E]%TF'{}%&?%aﬁfdgﬁléwg’é“ rhllg\glgnefgﬁe 5 di aphr agm
|t has been ‘f oundmigna ttructire 3% rlks tohdgastitally ehnsjtiva equgharanti snah apantideohe  anomal i es

- whi | e not,fausing,ah ' REIR hdifvehdR qolll ' addi ti onal
mass, V\helnd:pl acegmou%rgﬁggesg%%&?iﬁs Eor?){%%ﬁvg% trﬂ]]gttthéi ag?litrggf@nlr?%s?}avi ng conductive
I

areas 26 and/or otevesFasdraythepmgnetn fielmpgrstronalyipiote pisg plthediagiyaemyng  35e, on
each lateral sidgdpbviddiSproR@iRSL i dB oF hddiiekaliéffciead. impoenedriaard ment i ncl udes a
thin 10 viscous da inlg material 60 which conprises a solvent-based

pol yur et hane con‘B‘B NG appl i ed to the di aphragm 21 and the di aphragm can be
made of pol yet hyl enekapdiighafiat 1, bzl shppbstru@id &f of thisebedgnatnpi ng

mat eri al s;4 hat h th C ' : ' ' | danpi ng such
as pol yes]tster (Ivy?c\aé%ls?b\?\%ﬁﬁ%@Q%S%@ES%@]%%E%?{?’? ,e%ﬂg’%hwa}&sﬁgu%%adhesi ve tape
havi ng a vi scous #idHgiss wask efpteel or oghgelarnus wete] ASathior psopacefipsi bagfscoul d be used.
A E hO_Uglh PEN :3 gd"f% fefcﬁxlﬁ,fnﬁfexga@dn a@hﬂ%ﬂb&ﬂiﬁnﬂ&& ?&iE%rkOFEQ%rcaweaphr a%mt iy
materials cou e utilized, suc S...pol yest er ar(err or Kapton

Wi | e the di aphr SgHFSY ﬁ’é‘ées‘n‘isml@l‘”%%?mi“%ﬁﬁg?“e&fmf &?:}% l?:Iﬁrr’f‘Bﬁeﬁ%)Q approach does
not seem t o undul iyteralfsippat stredtdré @h Bfoytied bfhaoekirmuamates can contri bute to

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

* in prior art single ended planar-magnetic transducers, can be particularly
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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20 reducing the resonant frequency of a smaller planar-magnetic device,
allowing both nore extended response for a small size and al | pwylgogyseat er
tensions for a given resonant frequency, which further reduces the
above-nentioned audio anonalies. It also allows the w der distribution of
magnets and greater undriven areas for greater output and |arger effective
di aphragmarea wi thout the prior art 25 requirenent for closely spaced,
densely accunul at ed magnets over the surface of the diaphragm One can

rather easily enpitically determne optimal amount.of danping materi al
for a given speakglft‘f‘%’ﬁ%%/sﬁﬂw e%t??%"fpadgeodﬁg?r?%eqyéwlwaﬁfsﬁ’ﬁ?{g t he danpi ng
mat eri al first | ustchadtplageritg nategal §0dler atlestaripmésn of the paiphenys2lodndt he 30

di aphragm 21a and,gf . j i a i i towards the
center of the di é%ﬁ%%gﬁ%%&%%%ﬁ%%b?%%gﬁ%@{e edﬁ]gﬁ‘ﬂiﬁ%rgl reach

di m ni shing r et ur pEsidg Akthe mastgentrakngrtigh g Mer thpeeaductive fegiers@h diive tRet ur ni ng to

di scussi ons of t hegigfihaphr e beh Stddlthat vk dffediCeNGmph@oltie. 20 a di aphragm
21 with a patterne (i.oil dncludin con.dlit'fcti ve _re%l?dons.ZG madg up of 32 22
July 2005 i ndi vi BOEFIEhR B2 PSS ARNIFEEY | AseqtiygipdtAue R itgpddiigialy on the fil m
surface. G oups Ofasd whartositoutyide of tha porticd b8h@dghhragmhaging tdnductenbodi nent coul d

al so be further 8&&'bé‘?;n&/@r%a&}{%&;‘ﬁn\é%&&m%%%w'o?%gg d da3%8 o %&1{ s, 1n each

group of four, be separate /about hal f ~distance that each group of
four is spaced frlowplsidenf rmeretc Fugaueh. finsapbodimetagivdsaién i s associ at ed
wi t h, ) andlq:ent er eﬂsc&)éﬁimpin% nRRkidl 6% hichdh b solVERbARA Solyfethidel f erent p_Ol arity
relati onship. The in u(% e@gs f 27 thna }c]?; t he c%nd ctive regions 26,
are adapted to be®BPREL P th@edggﬁ%l s B ®gHal  source to
receive i ncom ng poljdihypersiaginialag:. (PEN) filr. Otheradiscans daanpidd materials that lgener al area of
attachnment and arg %ﬁz{&hgl %th -%th% PP U AR 25 b} % area 25, not
directly 10 dri venngy Ce?"(? n active r egl gngsuan'ﬁajl %ﬁsgrg 1\égnbodi ments,
pref erably danpedwoulylsebervellcuitad suth pash piiesive Shpeipyiaga tiicaws adheeivd opr evi ousl y and
Zgom_ I E B3 gs. 17ﬁﬁqug9ﬂnoh?tbor f gQﬂﬂd be%&gp)il'th‘éﬁ‘gﬁ PBI_LI E!Ehé’ﬂl@%&éﬁ@?d:mt I \l;e reglons
ich are atta to the dia ram%}, nmpri sin ilm by a
cross-1inking pol ‘f}"r?g?gnh'&}ﬁ@? > Qtber d‘i@m@%@‘iﬁ“ c?ﬂ'g‘ﬁllﬁuﬁif‘“%@]é?ﬁ al s can be
substituted, - as ipltdeMase) wikapoi™e adhesive used, and the di aphragm
film but the conbinagjon given has {g%‘% f n(g o) r}tﬁ L}, and serves as
an exanpl e conbi nati on. e%‘fr ﬁ%{n%mnowa 0 E’fs&%i 0 a (\T{X%P ﬁaé)\ﬁgéjgvant age that
can be gai ned i n dges not seem to unduly affect efficiency, the extra mass can contribute 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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si ngl e-ended planar-magnetic transducer where high energy nagnets are used
is . 20 illustrated. A variable gap 31 between the magnet 35 jaggs)@pd the
di aphragm 21 al l ows nore di aphragm excursi on. The di aphragm has a central

region 20c including the diaphragmregi on adjacent a central nagnet 35a

and lateral, that is to say, laterally nore renote regions 2 Id that are a
distance away fromsaid central region 20c. The nagnetic structure 35 has
adj acent and |l ateral magnets 25 35b through 35e that are adjacent and nore

i aphr agm and  hoRGHERERGH B RAGNGL Lot pibt HPaulss Lo eat or at th

i aphragm an eater a e
central region 2df@cc(ﬂﬂucﬁ%&mﬂ,l%@ﬂﬂﬂgﬂﬂothbﬂeﬁbbdin&ntcpﬂ&iliolbﬁ)ﬁl&l‘ihrOvel’ at | east one
posi t oned over -QRg thfbe bdBasihat B0k AARoraNABRaedC BN D10 asc
and/ or 35d and S%abﬂwgﬂedﬂmﬁaﬁée@hlﬁfamoé@wbﬁpaqeﬁﬁomﬁeltotllehat during its

active stgte the Eaéﬂgpd’uﬂt)p{@dr?unglsﬂﬂ?&{aﬁgmﬂglnd%é{?éréa'o%? a%fﬁa@hcﬁxﬂl acenent in the
central region 21c than_at aII, d a fromthe central region

particul arly at HRgFtsofdifitienspol *’%H'éﬂa %‘5‘?0’5“5611’1’?61“138\{/\?3? ad2m pEREi es whi ch
demand t he great esﬁdudiva:fagmagmaﬁadaatzdsaué NecitdlD confimice riivdio sidl h this in
mnd, it has beenfo nd t hat ane nstruc r tive nmagnetic
coupl i ng towards ?lﬁcelforﬁ?elevrgmﬁ%n} OS'%'F t‘ﬁ% mraian lﬂ%%?ge\l/l\ng@ﬁlgﬁef reachi ng
di aphr agm excur S|atmhl11ﬂnm'misrea2ﬂhi8§leastsqpsrthgl of e exiverrniZhgotidiectly ar ger overal |
excursi ongat the sGenby ak cdﬁ&’tfchde%xonémﬂn@n&e%mb&dnﬁb’i&rp?éf&ﬁ:ly@i&ﬁglieher enbodi ment

shows an additional and onpat i bl e _approach wherein the anar - magnetic
transducer 100 c&ﬁﬁ?”?‘é‘%%da'afmgrl“‘él%l?tasQ}f?é“‘idﬁ’feﬁ“"ﬁylaﬁﬂlﬁ#‘[ﬂ?’af'%l & di aphragm 21
with a first surfaatebsi de 21 and a second surface side 22, including a
~ predeterm ned active i.on 25, magne strugt ur neluding at |east
three central deeper ’l;n%nlcom mesa Ve congucgverefﬁns‘%wlﬁl ar? mahe%ets 35a, 35b,
35c¢ and addi t i onalie dizplgrest M, C@@nbsaaﬂﬂgﬁ'el,hﬁacm@hﬂepﬂrﬁ@yadhgwgr ovided. As with

the ot herjsenbodi r&ﬂ%&n&u@@rma%aﬁ b&ﬁﬁgn&aﬁd of is ﬁkéﬁéﬁﬁltthé}@legpé arity. Wen the
support structure 1 s of a ferrous netal It I‘OVI des a flux return path

bet ween the magnéted a&ﬁ@eﬁiﬂh@%ﬁ@E)‘S}‘hBFO“{bWé“OPrﬁ'g‘j?Pé’F‘itt?e‘bfP‘lﬂﬂ&Wl% 35 is made 15
avai |l abl e than V\Quhdldla@vetsb@n@ﬁ&@lebémb&laﬁonmere of the sane polarity. The

magnetic structure 35 has fiyv i f nets.35a-e, with at
| east an outer two ro 5P°‘¥W21Cﬁg$§) peréc&%“ta& %at§ CEHRE Dt | over total

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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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 QZPﬁﬂFEb&@SS
magnetic field 20 strength than provided by a center row of the nagnets
35a. This concept can be quite valuable when optim zing high energy, i.e.
greater than 25 nG0, nmagnets in a single-ended planar-magnetic transducer,
inthat the configuration can provide surprisingly nore gain in efficiency
for a given increase in magnetic naterial than what is expected, Nornmally,
it is understood that, by increasing the 25 magnetic energy in all the
magnets in a tranmeemeds. Wih 4k Aind ik YeRGhRARE: chllan BfultuGnBRCY W I be

provided. It has en found, when just the central magnet 35a is doubled
in energy |evel, %fﬂ’(?@%gnﬁ:’ﬁc%%&“}éﬁ&é‘ © PYRE pestiag ofithe tapsdiceryithut | ' a singl e-

ended pl anar - magnetching disphragol exe@sion liftits. SThishissB id sd@IEA BR laftkr @ethly 20% of t he
total magnetic e&gl%%%ahtggce#ﬁv&futﬂpan hal f the theoretically predicted

anount, to achieve of efficiency increase. This is found to
be the case when doubFiGAg ilkuates arethan emodimdet wwivs yn adéitonflencce of a centr al

nmagnet when usi ngcoﬁpmbggpp%rﬂ}lremfﬁeglﬂlﬁ h%n%c%&d&érqoacg%prﬁgsa jeast the
| anatjon comes fromthe abllity to easily

central - nost magn g
doubl e magnetic fB?SE:"QGW”tﬁﬁ“ brafple displypemoti vty fsbaytice dde 2 amdk®i ned with the
greater responsi vsecombimthe ije 23f indiding 6 pridetefthinddacive @EiQEL50A nlafiRtic34 22 July 2005

di aphragm conpar %Megsq%uﬁﬁégqe%%cb%cn algeegégn rc%lgponp‘ggtr%tg{ ai ned areas.

Therefore, by organizin orc in the center
magnet 3%a and rmwfﬁ’émﬁge%ﬁeﬁém@@Pan@ddlmlwm@mﬂmmleisoward t he
out er nost nmagnet SenergpislpraNiftd. 35€, the best use of magnetic energy is

provi ded. This can allow, the cost of the magnets to be less for a given
acoustic efficiency. AHh Qegﬁerei“POdF‘é""téﬁhﬁE‘f‘ﬁth%faPée%a'ttqﬁla'ﬁ%é“"%t)‘| abl e gap 31
approach di scusse\uhealﬂﬁm@port'EhncﬁxraAMfwfdﬂgusfme&lidp;ﬁhdeemmlxheu&ﬂpertlpaCh can, of
course, be used yj ol conbi na &bons of thre nore magnets, and

can be distribut eg CH var auldmoreexlergylf’o ® BRENS B tl'ir‘?h3 t’SH‘éadfl | ust r at ed
enbodi nen t he tlﬂﬁﬂ@d%@ﬂ@@l@bmwa@efaﬂwpmweﬂs&n% that just the

outer nost magnets ar erhefnaénaﬁ%memﬁrawasﬁward,ase}sgmo? Leal, magnets 35a-c
bei ng of hi gher ener% out er magnet 1 ower ener gy.

Wth reference t&UEs "“t%""”i‘g“’f&‘ﬁﬂla&‘its 3@W¥éh@@ﬁf1065@%e applied in
ot her conbi nati oreﬁergyhlgzrreisd’aoﬁ&eﬁngmaeﬁa&mﬁmrb%yﬂeia@mssh&g BBkdd nagnet 35a

can be of |ess eper accor sone ctl on of fallli energy with

“di stance from 15 ?ﬁ'e’géfelﬁsmefgy%@? ?%6?“85{0‘6% FREVIET 157 Zagme r‘n]%An exanple is
t he conbi2fati on @kengthdan provideéptaseritdr Fonsdf tha treghets BSaFTESconck @ cartd 19, as shown
in FIG 21. A falqh;’tewumgx}ﬂ&tdpﬁmzmg high encrgy, 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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force is utilized wwth greater lateral distances fromthe central-nost
magnet 35a, and also a closer diaphragmto nmagnet gap 31 is 1#?:) izﬁﬁﬁat
greater lateral distances fromthe central-nost nagnet 35a. 1~ be
acconpl i shed a 20 nunber of ways, sonme of which are: i) using high energy,
neodym um magnets in the central portion and | ower energy magnets, such as
ferrite nagnets,-at the outer regions; ii) using |arger and/ or deeper high
energy magnets in the central region while using smaller and/ or shall ower
magnets in the outer regions, with those in the outer region spaced cl oser
to the diaphragm giiuabeh bolnpfa 8 BBuEAN LIRLLAR0RLonsled s | WO apPT0AChES.

Al ternatively, although the econom cal gains nmay not be as advantageous,
the concept can bEefefors wrpssaniziee thymaspetic forpe fadpe arsptest i e pryist Bgn¥ onduct i ve runs

27 between cent r3sh afd®¥ingdss SBENA S gbinEouriRitewatlthd outeltoRttlagRBRd | €SS
conductive runs %gul% b&ggl acec} bet ween out er., nost maagneﬁh rows to create
greater forces i n-fAK 30 MeBHtEF LaRERelREEY ¥ Bpvidsd il’bs\f@’r EVHIREShut si de. This
concept of5 varyi nef thelmegnets fofbe ks forer givergreadtsiiceffieieanyl Amiplsodris be conbined with

t he foregoing con - varyi i.el. I th and of varying the
gap31 di stance as de %??‘Ehe ,‘a{l%’ie%gpp%l?Eﬁrézaéﬂp“g?sgegfl%g%ce. 35 22 July 2005 To
reiterate, increasingThiragnisg fidd eneatpporpash canef eurie, baisedyidiatiffsrenty egi on and
detcreaSI _ng gf['ipbfjl&igﬁﬂ&i@ns%ﬁ&%@?%&&&gﬁ%%@&aﬁb@cﬂﬁitﬁ:fé@in%ﬂ{kgﬁﬂm 21" at thte_ |
outer vibrata i aphragm 21 areas or regions n provide nore acoustica
oTTrci ency. - bot HFr b Augfosi oy oteal tedrgarrr G beGraiFur act ur o or
given output. 5 NortaGusets ouersist yghdtyurenl RE; eheddy, bi@apieientanount of nmagnet
cost expendi tur &, s 430 o ARAL . PRSI BB b iGS LA FONSI derati ons
di scussed above, orfe can provide perfornance-l'evel’s virtually unachievable
with a equal ragreeerese SVidiireferengete EKis. 18hi2, and 2l thelepsespt cambpgpliedine pot ent i al
reachabl e wi th thjaR: &PRGMREs witbrbih hiThi}dets JMePBanSRRLAN BLNSHE 8an®E greater than

25 n30 and even preferably greater §han about 34 mG0O, neodyn um magnets
is far superior t‘ﬁgﬁ?W“%%mﬁf‘i%?‘eé‘?ﬁ‘f&}%?a“@ﬁ@é@ Bt et i c

transducerss. W t hhecedt@rmaoegidn®f the fansddGer. Aheanpiyipthydomginkiogbf tener gy magneti cs
to'a single ende - i ransducer it .h en found by the
inventors that a cg'(lf%@g%{emﬁ{p&nﬁggﬁ‘el? f%i%’eagig]gmﬁn ’ggﬁ'gé'ﬁfa@ﬁga%mgfl%ct aught in the
prior art can be fepedis wilizeg with groater stperbdisiancer frp the pAnplenogt@agngtdSappr oach i s
illTustrated in fIagwlﬁazﬁsemgaiu%grﬂm%gm@{;@%?nfﬁaea%zgr&teha@aﬁducer 100

ratabl e

conprising at least one thin filmvib ¢ ,
: 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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di aphragm 21, with a first surface side 22 and a second surface side 23,
includes a predeterm ned active region 25 and the active regign 'q&i%ding
predeterm ned conductive surface areas 26 for converting an i%ﬁmﬁy 0

el ectrical signal into a 20 correspondi ng acoustic output. The conductive
surface areas 26 including elongate conductive paths 27 running
substantially in parallel wth said magnets 35a through 35e. A nounting
support structure 30 is coupled to the magnetic structure 35 and the

di aphragm 21 to capture the diaphragm hold it in a predetermned state of

tension and space it %r&éﬁ@%ﬁ%&s%%&eﬁ@eﬁ&@%ﬁe&l&aﬂ%}e @ hegnetic
structure 35 adj a(geent_one of the surtface sides of the filmdiaphragm The

magneti c st ruct ur $EKIE gap diglgueg bel eep e wpengiignd the diaplypemtb ptfh7 OU8) ongat ed nagnet
rows 35a, 35b, andb@3dsdigphragel] afedd @ eegitds cad pibvidd Bsteatvhdtiad! bficigay,al | el to each
other wth each n havi n terial enerqdy. densit f greater than 25
nmega Gauss Cer st &ds %%néoﬁ%l?r lesfg’ggcg‘uﬁgs{o?mé' aa'%'g’rfortaﬁgnn “{r‘)rGO and conpri sing
neodym um3B0 i r onMereovameyethertimizg tor thaleastdmoluit kmagagd edlst ekpendituterwithr oduci ng a

magnetic field. THg AQE e :RARPREEn ShdiddGhdil Bscaled b€ ol @RNr agm 21 and the
at least three magnets ofg the magnetic structure 35 are cooperatively

configured and pBRidepgfeaapnseievels Bpoarhicuablestith a yalmagnetiosplb| at j onshi ps. At
| east two of sai Chchbsglt-tra@aeg Thidpbpeictialyeichgle atth Ak estcdpyutilieitd ti oned in a
predet er mi ned spaced-apart 36.22 July. 2 rel ationshi 5 wherein

adj acent pol es o?hl%%heger%d?aﬁ%%r?{gmr?ﬁeéﬁae 2 nglgj\slagdﬁvgﬁgrggﬁ%ﬂ’éﬁfa%rg%l i zed magnetic
| oops 40 Wepr esembeid 3pyGO.oeulymivn opgtels 6lfd swemor tyn theixi par sk@lei N a pl ane of

the di aphragm 21 wdaGRnRkGekRtRRadtyel y greater than an energy level a
shared energy maxima 71 at a central position between the adjacent poles

and 5 extendi ng al ongWih &fepce fp Hgfhatiernarpigiphigh eoprpemseadisdet i ve adj acent

pol es i_nblt he pl aamleraﬁdledmﬁaldh‘zgﬁﬂﬁd F&@Eﬂu?elithéfb&mﬂiuﬁdlﬁ!rﬂtedﬂiﬁﬁﬁﬁiﬁﬁatl’andeUCgl’bloo
is operable as a ,single-ende anar.- mragneti ¢ transducer. It is foun y
the inventors thaqlf?e\fﬁ%g?"’ aegcgeﬁlﬁrb%pg??%‘fﬁﬁléﬁii'ﬂé’ﬁﬁﬂ?[f’icanlg%‘ﬂ?&%peakers have
taught the placi rgveskeerise Thvugpinet desigreapprozch pdllusttatd etfigee 21 wherel® achi eve a

maxi m zed shared Ja00:.fR8Euashude0bbdbpridig a‘?és?qngﬁlgl%dlglﬁmﬁﬁp be substantially

i mproved upon when adopting a pru%per‘ use of high energy magnets in
accordance Wit h tdipshpaRdnyihsdist fpfacs sided2egd 1 weond Biface side % in the .
invention so thgieditbiintd R réglor 291G e a8Pd efish iMiudinp fredbicipitiagm by the | ocal

| oops above each net is of eater. magneti c _enerqgy. than the shared | oop
centered between Cf"?r@‘%f%s“ftj arﬁﬁséﬁfoé?%?eﬁ?g é‘fké’f“caémﬁgﬁﬂtg? of advantages are

derived. 2irst, aomesponding 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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distributed field allows the use of fewer magnets while achieving nuch

hi gher outputs than the prior art. The distribution of the conductive runs
on the diaphragm 21 can be distributed nore effectively to hatleWesdl>
conductive area producing direct drive of the diaphragmat the point
centered between the 20 magnets 35. This redistribution of the conductive
runs 27 of. the. conductive areas 26 on diaphragm 21 allows a favorable

i npedance for the total of the conductive region/areas 26 while al so
distributing the drive force to nore effectively drive the active region

- 25 of di aphragm 2.0, Hfinekin 5k Stk BEGRL AR RRM Ghd Hared, OUdSPeaker s
known to the inventors to function 1n a reasonablle nmanner they 25 need to

be designed i n anlosizes gesnsisderss 10deprrasaisd by lpseblaeptisldsnsagymagma &2 opt i i zat i on

and use very cl osgpliRgned didpBragiied) dich S AEjektFely Predi@ aiinZerdyikRel ashared fiel d

strength a the cerlllgreéenrraxi ma 7_4( targ}gl concen%’r at etht h&a c?i I: traces there.

Referring to FI Gs® SRYmEYn TR CHIUELPRPYOR PR I8 ALK B & net i ¢ ener gy

di stributifjon can @endemalvng mshbhledmazaginby of teosspetivel pdjdepnt paldsingie pl ot  (usi ng

Maxwel |- 30 magne;) i i alysi S or a prior art
biie ef:dlgu?@%la&@gz)mwmmghéﬁ@ hfhdubd %031%)29];};193?5

magnet pl acenent ‘schene relative to t magnéetic force

di stribution ari siftel-onded plavar-poapicinasdustracement in accordance with this
di sclosure (FIG 23). it SiEaiiby the iveAtors tha hérSas Pricd réflitlnCradgndtiepr esent at i on of

the magnetic field 60 between magnet s  when configured as in the prior
art with the vertP%déqeali?ﬁlgﬁvg?"?h&%gnﬂﬁcfng§F‘g°rfﬁagl“itfé’e'§’f8ﬂ°gg‘§‘fr$? 2005 hori zont al
val ues i.nlof r act i onbieweh maximizedshared|lovp (e & icBISe2) Wiistpmctce tanfob y t housandt hs of an
inch |ateral gap . t | third the
width of the rrag_slraletg iﬁ?m%gbﬁe‘jﬁ'é&cﬁhg%\%@; %ﬁ%ﬁ%g?@gﬁgéﬁva g_%-l oop" energy
peak 61 has a neRPoserAdncevithahedvensipi db spacite theaeysf gaenglyip theiigidion hat woul d be
avai |l abl e to the g ufi BOikERGH:E PG B SaphREH: B @olEbyeaBvdet Magnets on the
pl ane of the di grﬁhragrr} It can be seﬁg&ﬁt}l%}ﬁ& he usab 18, ar 63 is quite

narrow. Also, thd™EBEE°! EFEPRRHEFYTEY Borsensiet BB &er the i nner
edge of t#e nagnaivs higsenangg magnbte)weumbat of @0dnfagdsestdarived. Fdstoait 47 gauss. In a

typical prior ar tdisﬁfbﬂfe& ﬁiﬂ@%ﬁ%ugeﬁ%@ V&ﬂegc&g‘?é%%g?lgéhe; errite nmagnet

used, these energy [eve _ gener al 0 var s than 150 to
about 900 gauss. oSy the rogrt. T disgibytiop phprordustve wpraadhent at i on of the

magnetic field 8QiiapheinBiRan S uRrBRANRLSAemMly @ Yive tsd dndadioordance with this
di sclosure, with the.  vertical ues in_ Tesl a t he_hori zontal val ues

in fractions of PUFEMret i ER] V%Iiaelé(%%’, atte P‘H‘l‘t&esnfegﬁg‘?nﬁqm Ypacing of one
hundred aed ei ghtoyegsxtsplit Thidvedisribahinlottheodondurtive 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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15 inch lateral gap between the two rows of magnets (the same as the width
of the nmagnet) it can be clearly seen that the "shared-| oop" ﬁ¥ | eve
'8l is a mninma and has a value of about .325 Testa or 3250 g 03¢ anbe
seen that the usable area is quite broad and the |ocal |oop energy

maxi muns 82a and 82b over the inner edge of the magnets is nmuch greater at
-0.39 or 3900 .Gauss. This illustrates 20 the inventive-concepts of utilizing
t he neodym um magnet in an arrangenent that facilitates much broader

| ateral energy interaction with the plane of the diaphragm?2l and with

nuch greater for %nzoﬂah%luéyul@d\é&n&ﬁ%ﬁcmﬁgﬂﬂa&mﬂﬁﬁy&Baﬁéﬁﬁ]ﬁoﬁpam ng and
provides a nore even drive to the diaphragm 21 acroSss_its _surface and nore

room for traces (Bchlater}asn hetyren thewg s of magaety (it p Bitd B widthos provi des a
much greater por tdfea magnet) foeande dleaity@ed tut the"shedtibtp" ahb@prale@imass | at | ocati ons

more overtop t he rgﬁgru%tvglh%o%omt ?117Q‘¥slao9%%ussl'}hatpwoaﬁ%e avaliablofc'; he film the

di aphragm 21 can Dbe net's over ea.” Wer eas the
prior art Sconfi glﬁi?ahmmoodulclyrsehﬂicwébetwelqethém#gwtszhﬂalmwaag:ﬁlﬁl at the points
betveen ' the RGNy fmgnd IFkabiShen Bl e vsbfe oth BRI AR A1Bleii@uPaSST VEI Y 8l

poi nts over the 30 magnets where there i s no conductor trace. This neans
the magnets nust Ef@e“%%’é‘@é‘ﬂ‘méﬁ@%@Hdﬁ@wgtq‘?é?nﬁqdﬁe%&mﬁﬂgslsﬁ\?%tor

reali fzaL! oR of dewatwner Te&l@mabdm:s?gam lmﬁtypaednfmoghtr@ﬁﬁg@ﬁudnn conbi gatl on with
use of high ener t e gn directions
in accordance wit (tgl?cnf Ostre mfﬁ'?‘ét“seg’aﬁeserleﬁ\féngvﬁg uﬁ?ﬁeé'?mﬂ Ynpact on the
efficiendg of the/aIerlaméEQanéQrISOtG}@og@OQ]wV 2005 Wth reference again to FIG
26, a still further aglyantage,afa érgyﬁdg@;e&ggmg ot el 6QpgHct or rel ative

pl acement and field interaction optimzation 1s t result of easing the
strong interacti \Pémfw%@agb@w@weqlnéccﬁglﬁrewglﬂasdasclpwfe@wwe 35e that can

cause attracti On&eﬁjéhaiallﬁdlﬁﬁ‘ékfaianﬂhﬁhdmbﬁﬂilbdh@sﬁlﬂﬁﬁ&fsbf&'ﬁx{cﬂcﬁluﬁse 30 and 5
interfere V\nththec% ilono ng]fof t he di aphragm

S
07 a6 Coxpl i ned Sot ekt et it 5 A PR SR or ner
structurdhb appr dabhes! gp bitvonbetworesiobusgst; (te ke actheedthvftee di fficul ty of

mai ntaining relighi blttc%bgt:leﬁlg'ge@xﬂﬂmmshmedﬂ) ARYRECH 81 192 Enl;shough 35e to
t he nounting suppor tructure 3 Imgqu ng to enhance the | ocal

| oop energy near aé‘b!@ﬁa‘?b'eﬁ%%t325?e§??fé?5°tgﬁlﬁﬁ g8 tatke usthler ed | oop ener gy
centered between aﬁa@laumfoad@amemmw@ergmﬂumsiah&ime&&watI c interactive
forces between the &ls and at es aq1 gaoﬁﬁ gjh extended lifetine
system This rel |"<1;'{"5r §5H%g3ﬂ%‘§6%° EERTRst hedr sy, d S A§Rtes p e e

advant age8 provi de ua:emgmq‘eptmf mtilizing tha neodyngmt mignet 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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the state of the art of single-ended pl anar-nmagnetic | oudspeakers.
Transducers in 15 accordance with this disclosure allowthe in ﬁa?@ﬁp of
hi gh energy neodym um rmagnetics w thout attendant drawbacks t b g
with themif install in accordance with the prior art configuration

di scussed herein. In the exenplary planar-nmagnetic transducer 100, high
energy nmagnets 35 have respective |ocal |oop energy- maxi ma 38, wherein the
majority of local loop 20 energy maxima in the plane of the diaphragm 21
have an average val ue which is greater than an average val ue of energy

level s at the centr al wihifhrea agaite BIG. 29, a stil @fthdraVintap of18E MERIA cor r espondi ng
adj acent pol es of fIhe @djﬁcf'icent m 5b.. Sonme, preferred val ues
PR

nets 3 and 3
for this optimzat f)%”%%?@%"%eataéiggel‘b‘f"érl"@'f’?@am{?%ﬂ°ﬁ§§wvmerei n the
shared ener gy naxieswk ofeasiigaiesstlong intedactdo ifaades bebveDthdxedgueeschida thropghi 1 of nagnet s
35a and 35b is no %%E . . | energy maxi ma
78 nearer each naggg]t _%USEWE@B@ag%ﬁﬁﬁgpgéﬁﬁgpmg%h%&elf‘r@%@s to magnet and
field pl acenent c’afﬁff%‘émﬁ?éll'ﬁcé‘?é‘éo*\/ﬂﬁélﬁ@?ﬂﬂﬂlteh@n@hafrt@dﬁap}ém%ys maxi ma is no

greater than 75 OdpiRiRedffve el afffroabi) BlodeQR@ bradiPORd AREEt@MuraiTBXi M. 30 This
af fect can be defined V\/ner.elg daist erm ne d@tan_ce_ bet ween the | ocal

a pr (
| oop energy maxi MRPIRHPGSMEntione F’fﬂ“g‘ﬁgj Q&3¢S rglifruieot mgintaining 35 | g
appr oxi mat el y equeliability ofattgcbipent afttheoimptbisStatrcwh bittvemnountig sa@6® espondi ng

-adj acent  nagnet s n . I L en timzation of this
effect is wher eisrﬁ%ﬁeeﬁb?té%z&grswﬁgggﬁcféhgg)ggg’gn%g i hegChI ocal | oop energy
maxi ma 3810 or 39 mepnelther thaahanes theskaeed looprepgraeeenteredbetteer caghappir efevent y fi ve

t housandt hs of  anndghdiredueds AR proBiRthatidinfedlefive BrscePetvlel e RihRGha | S Wherein the
predet ermi ned di stance betﬁgn the |ocal |oop energy. nmaxima 38 for

adj acent nagnet s FREHRMILELPE, friEES ifetims sslMg T LIV adrantaee and at | east
one hundred and tceambibed with the pdrimias@adlahgesprovile a sighiftant Mdvéd@iichgi enbodi nent of
this inventive cqpcept ri ine in redet . ned di stance

bet ween the | ocal S%%ﬁf%ﬁ%ﬁgg&%@?ﬁ%ﬂ@@“ﬁﬁﬁ m'l%gguﬁeésr%ent of the

wi dt h 35wWJof one aforduive witpibindisolps@&allow My dntdgrtionefightnergecdyfnivinhi s | nvent i ve

concept is define@gﬂmﬁmﬁtzz@ﬁmt%@@%@feﬁtr&g%ﬂﬁ@ﬂ?ﬁﬁs@wt relationship
di stance between any two_of the at | east” 10 three adjacent, high-energy

magnets is at | ed&rdansg kit the griogat configyration dissedderein i nch. In some preferred
enbodi ment s t he preddh ak efeingloly plinsi-anmneaic kpaded 1@pREET enerpyahahds@Ishi p bet ween

any two of the atha\lc?‘%gegﬁx;e Pol;:zﬁ ?oof;i Qder%? remrilig"uha 3@! \%Qre%r&lefsl;l‘gj\{)ﬂ%plgcea} lgop

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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is at |least ninety thousandths of an inch or even at |east one hundred and
fifty thousandths of an inch. 15 In one enbodi nent at |east t

adj acent, hi gh-energy magnets have conmon di nensions and the ﬁﬁ’&é%@rsm ned
di stance spaced apart relationship there-between is at |east one half the
wi dth of one of the adjacent magnets. Further optim zation enbodi nents can
be wherein the.sane type of spacing is at |east seventy percent of the

wi dth of one of the magnets or at |east 100 percent of 20 the width of one
of the magnets. For best performance when optim zing for greater |ocal |oop

energy, it is genfuethnees htlead bdeitydivalheiRadddy & oh Aeh. CARAUCt | ve area
Fune. of 2or nor el R PG ML PR TR H S ant age. of { ne
| ocal | oop maxi malecal kopmergemdxochi3fnkm bdjR2&t inipasts € atlead) enapthtwdimditls over t he | ocal
| oops for maxi mumyd.i elihf o PETolc] ' aBReLic fields fromthe
magneti c structure 35. ‘Féugtl‘%ﬁ\?[gen%t.ors. aveélﬂghﬁa&s%%at_ V\,Eg]%\ﬂ'appl yi ng | ocal
| oop opt i nt zat i on/inosr embediment efdhisiperiive poapeetds defsg srhereintheven nore effective
transducer can beprsR@enided aftanck ServiebBthd 16621 (bdp@RerdyMixitfa 591 a@&abt 1610WN to the
inventors, in that it ﬁgn H \gf strgo?geSO audi o output down to a | ow audio
frequency range WHFFHE° W“S H o8k 82885 336hr agm r egi on 25 having an
ef fective vibratabl e anddigrafbodiesisoftificinvenivecdacpds dfinedaneeihthé t y square
ches. | Thh s 1o Gkt by ARl ok ENRLLAN, QT QURLES 200 117y
pl anar - mabfhet i c | igersisesal bighsenaray mamyeinie atidast sevensehive fhaeshnddis efater i n di aphr agm
40 22 July 2005 mgt iBmSpEfRE emdiRend HaReomsudynsliedpaadpht fty square

ree hundred square inches, while

i nches, nost bei n‘g]flnu%fh greater th th _ |

still being | ess EPYOPTPORPreR By vRpidRe at lggst tupradigesat lygh AUEY TEHE ¢ han a

si ngl e- ended pl anatieangngy housdindtb eii@ehror ¢vian at st Qe toude:e andifihy t hi S

di scl osure. The ilﬂé{l‘?aﬂ{nﬁs%f&f' sducer can be of this snmaller 5 size and yet
generate a high acoustic output having an upper audi o bandw dth extending
down to ald ow range @GF@W@@%WEW@W@EM@H@EWWM@ FIG 20, another

area of needed aCkyARGAIRAkiodin (A EnEASEE) FRA HIROARKIS L1 ansducers i s
that of inproving, the diaphragm 21 to achieve greater thermal change and

. g
heat tol erance, HrHPeRTerRniiaat afte half tipyidth plone efghezdigreptaREdSst or ti on. A common
di aphragm mat er i durtheRogtifmization smtvdimentovanl BdvipleRnia same g bBpichg Isadspeaker s has

been polyester thG [l BerceftofRe diBR Yot HAL mabiB 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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trademarked name MylarJ. A limtation of such single-ended planar-nmagnetic
| oudspeakers has been reliability due to thernmal problens bot 1 h%éd}e
adhesives wused to attach the conductive regions 26 to the di m”i@b 1,
and with thermal 15 limts of stability of the diaphragm 2l itself. Due to
| ower efficiency, prior systens tend to require very high power inputs to
achi eve si-gnificant acoustic output |evels. Because of this, and the

i nherent thermal stability limts of such polyester thin films, prior

di aphragns both had to be large, to disperse generated heat over a |large
area, |essening tRvdsherimla sl DR Endfed incHRY sk lnbiek hidk behiFen PArt 20 of the
di aphragm 21, and nor Ilmtecﬂg#ﬁn maxi mum._out Bu_t for a given surface area.
The inventors hav%’eafeég‘f‘ﬂfhrﬁﬂﬁ’f‘ ayagfiinehes; while sill beipg lesk effifient ovedoshi gher

t enper at ur e t ol ereneepaaipgdange thy; sidplétendP PladaBRbdnitic rhiudiciial been applied to
si ngl e- ended pl [z ekt e L.oudspeakers.. The fil teri.al is polyam de,
or . Kapton. Thi sa{l?qr%%g@g%fséﬁ%l?sgrr%pgr&al?vﬁ[r‘%dt(r:aﬁsg'é §i 71 ey0 aﬁam?“gf di nensi onal | y
nmore 25 stiabl e t heaeapielgeneraea high pepustinogmithavingan upper adiobadwidtinal fil m
materials, is usegRhdind ddwnfol®whRPadid¢Efsncyi Scl osed herein, particularly
when rel atively very hlﬁgh power alt:E) | i cations require the highest possible
thermal effects tol er ¥HREOEGANY o] @.ZO’WW%GW@%V%WW de film does
not have a high idMgRliirl plsharpisidic bt itofinboviagtik didpRe@f ir e can generate
hi gher distortion when incorporated a O thi.n film I - magnetic

di aphragm Danpi ﬁ&acglgvecﬁr?gftg&nﬁg}ha%%em e%éf’ie’“’r?fet ) ens‘?‘ﬁisggﬁ'ﬁdesi rable trait

=5
L)

cl oSe ern
to sone eltent. |andiowrdishgionsasemhindigplfragm nfaterighin driassinglg-entedplanabl e qual iti es

for di aphragm 21 ARl icG@hdRR hastach phi)ERHIR R A Rhowa iR &L | &1 S research,
the inventors have found a naterlal "that has been available for at |east

five to ten year STadggtkedapmg Mylery AHipitation pf suchpinglo-enfled glangrepapgnetias yet been
gppl i edI to s} nlgl aoﬁaﬁafmmsa&afenmmﬂoehehmﬂmh lo6IE: Svith €Y RResiv@OUh tﬂere has
een a long-felt n r. inprovenents in thi.s area. The inyentors have
found that the no"\slegdlei0 ?Jt%%ﬂgfcor%gﬁ%%rf%wz%tgﬁlﬁﬂ'ﬁ?hﬁﬁ?l&ﬁé‘“df‘f'gﬁe"’i adenar ked as
PENTM  orisKal adeXimis of siability hithadiigplyhgredjritadil Deeé ta fiver affivitedy, pioanar - magnet i c
Lransducer s has Sy aGRRBREGR AOGLIRIvARAEG SubRTilaRguapd very good

Fl ty Ile h d na

di mensi onal st abi aving 1 nproved I nternal danping conpared to
ot her hi gh t enpercipeficelsRepase of QiscaRd hainkerrpttherpg! stelilisy Wujts okstithde vari ety.
Through testing, pb¥gdtef ihdn oAl R hragnisOL HadltObe iy to JiseHk bdneraed | y r educed
distortion rel ati ve to lthe ollﬁ%an‘i ﬂ]le fi I{ns anlg i ncreased, t hermal tol erance
capabi lity over [Tt ages ening e hera) impact fprgpy pagieplarsaligaty hover uses,
whi | e nmai2ft ai ni n@f thedephraghh 81, ardimogefimited in mgxinueh butigitifot egiveh onfacdse i n

area. The inventors have found another 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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pl anar - magnetic transducers that are nuch snmaller than the prior art single
ended pl anar-nmagnetic | oudspeakers nentioned herein, while a%gép'n

thermal problens, even though the thernmal concentrations can “bf er in
a smaller device. The dinensional stability further enhances di aphragm
tension stability 15 overlong periods of tine. However, it nust also be
said that .it has been found that with |ocal peak optimn-zation, devices in
accordance with this disclosure generally operate at a favorabl e overal
tenperature that is not significantly greater, and can be | ess than prior
configurations, eage bbdiaphikt tb g chdre PaPOhahntic Iighkas efegiopagnets. 20 A

further advancenepnt foward achi evi hi gher rformance is derived from
advanci ng the net %%%BQ% a%‘?ﬁgt'@k?cg}@gﬁlgrggmeﬁtsﬁﬁhsﬁeﬁg CHRCHSHMCti ve  regi ons
26 of the coil t ofowiddhatthenkel agnf Rlvethilamenaplitattediby, radsmarkddas BENTdve been
limtations due to b dNes) ¥ bhgfdue NHEShpRb fuldiikd sy such as

| arger than desirable adhesive nass, ermal break gomn.an‘ etting go of
conduct or 25 adhe¥icgncedtherpal eficl Faitangaiodivpargoodrimspsioad sty whilsng curi ng
tinme, and in SOWﬂlaviﬁg)iﬁﬁp}oGs%ﬁﬂt&ﬁfdaﬁﬁinMQﬂMt&&h@hiigﬂfeﬁﬁe?&ﬁ—éﬁliri]ls,Wi E h ac; ds gsed
to renove unwant ed rtions the conduct,ive . It has been foun
that the use of d?gggg?*ﬂﬁﬁﬁmgﬁﬁégﬁwggq@ﬁﬂgﬂ??@¥gﬁi@ﬁ@?ﬂﬁ?ﬁaI i nprovenent s
in mtigation of foind telioesgniienty ralned disionibd @hiive msthe dolyamidOfilpaantii cul ar, a
| ow- mass high te L YL S Ra I i . i for bondi ng
t he conductive SE?%%%gH%%ggg to‘t%e Bﬁ?%f@?%%ﬁ?g%ﬁﬁ?%ﬂﬁgﬁ%ye erable. Sone
of the adWant agedhigipewerysps, while ppinfpingng dpsver Jifortime It i5ftsl syitgdeforyse iar i al can be
printed onto the ddnhriRagistid ERudess elat ¥ milch sihubrauth Mo p@eldrt iielefiRd deposit
t hi ckness i s appr xinateL¥10.0%%095'.mn%h.th 1resglt 8ggllng that there is
negligibl e mass AHUEEEBHGIAETITED APt d3reinwhile aypding eswal) i ki'ng provi des
~near |y i nst ant angmbims,gven thgughttlie tarngboandeatratids camibt gredr infa@malledli aphr agm coi
conduct or nmanuf a i SEDl; ] . process. iii)
Q‘lteHée. e gﬁlglt% llty%%'gi?) Qr cfﬂlgan&s Eigﬂll_}ﬂhm teﬁshnoiélsﬁﬁlﬁfg

The adhesive is very stal at the "300 degrees 'Fahren nper at ur es
t hat can ldcconparfyerdengparipgsiobtine; dHowsyer mystalse bapaid thatdt beslisen fowndi on of t he

di aphr agm conducthay it 1881 pe&kSptindifhtibry devibin dchRdnRlwidd tisfaRsissanrce of the

adhesi ve exceeds that of nobst. of the  desirable filps.to be used as the
"base di aphr agm o g Lopengie _atafavorable overall temperature that is not significantly

greater, and can be less than prior configurations, even though they incorporate

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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v) The adhesive is unaffected by the acids that are used in sonme preferred
processes to renove the unwanted netal |ayer areas. For these j;zeﬁ@

has been found that it is desirable with a single ended pl ana gﬂﬁ)t5
transducer to 15 included a | ow nass hi gh tenperature pol yurethane cross

| i nked adhesive for bonding the conductive surface areas 26 to the film
di aphragm-21.. Anot her issue wth single-ended planar-nagnetic transducers
is that the fields created by the currents in the di aphragm conductors 27
can under sone circunstances nodul ate the magnetic field set up by the
magnetic structure 35;)Thadﬂdsivaxsat¢rialoarrlaa:tiﬂed’mmltﬂelﬁ&asu'rfhde&ﬁhérmaﬁ he operation

of the transducerpthatycan. Fe engogﬁiﬁﬁﬁwss‘?éaﬁér%%é@hooa Sy &'9 Lefn can be even

nore noticeable in S|n ransducer ut|I|2|ng
hi gh- ener gy rragne‘f@gﬂ)&t%%ﬂs{l%h%‘il@m#Qdé@tqth@dlaphlw}n@t| c field to mnimze

this nodul ation and i fCmeasidkingHeH#ks Sdar Jrlﬁswﬁﬁka@cu N&Rk thYe thereby
| oweri ng (r:#stortlon romthls caus esirabl e It has been found that

a way to mtigat e Y © 2ganhagmcpi ??“E“P'Br'?%?ffwgprﬁfﬁ*?srﬁ“@ésﬁﬂ@tuse of high
ener gy magnet s i nandetsh pgge®. ended pl anar-magnetl c transducer, is to apply

e e oL ) conduct ! Pria el /1EAL o Bl 355 b nﬁ%?emafrget ween the rows

of magnets di stanced a eas rom tﬁrﬁsragm 21. This
can be forned of %Wé@ompaﬂaﬁ@ﬂh@lﬂqﬁwqmgmz@br@@ndgﬂhq ve 30 material.

This structure cajhphhbOWndl@hdgRgarity of the magnetic field in a singl e-
ended sys{emto be nore cog;garable with the magnetic field of nore conpl ex,

but field%symetric, WbB mgwweﬁ%H%WeICXWéﬁﬁﬂf%##l c | oudspeaker.
Returning to FI Gdeéluﬁbleﬁiﬁdtotbb&sedhs&hblbﬁﬁﬂﬁﬁhra@fnzbmmang t he magnetic

structure, if the str 1 ed..u east one electrically
conductive 43 22 JuIH%E%%%Sl Sha ,%tgrg Uc atflrd(sﬁgﬂg“seﬁf"h“’%c%ﬁf?fl cally
transparent ar easr’r@@aeSMe'hPVPﬁatmw@ﬂ%meﬁuvhﬂaveasmmhmenat | east a

surface area 53s ﬂn@%ﬂtxp&gm%@snﬂgﬁ%ﬁ&edﬁl!iﬁr—:ﬁéﬁﬁ\ﬁmQinsdu&fi“&l mul tiple rows of
magnet s referably interlacing in between all the rows of

gé and 35 and ‘B

magnets 3%a, 35b e mpsp high temperpure nglyprethang eross bipked 3disie fory from 5 this
cause. The pl atebﬂﬁijmgaﬂemdh;ﬂl\/&uﬂ'&éﬁrlee@%toﬂﬁ'ﬁmpﬁlﬁgnomSl de of the outside
magnet s 35b and 35c, ‘%,rgﬁ!]ergsanewsl v e_ race th struct urél?af 0 at spacing
portions 30a and b, T0 reduce diaphr d’r]ﬁmfréur‘?%“e BRURG ELA P o eepi ng
def or mati on of tH'@ldsMateébxttw@rrenmnthtdlﬂ@raascq;tdtstm%emuacbwmc Returning to
the issue of Comﬁéuhﬁthﬂcbstdodm&ﬁe%éﬂ&fcﬁﬁ@&%%ﬁmh@ A sAsli-Pss, O System

‘Anot her probl em t hat has plagued prior pl anar - hagnetl c
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

43




| oudspeakers, is poor magnetic coupling that has caused underdanped and

ot herwi se poor anplitude response, and ringing at the fundamenﬁg} rﬁz(%nant
frequency, in the | owest frequency range of operation. Besides 11% si ng
the audible performance of the transducer itself in this frequency range,
a still further 15 problem has been that single ended pl anar-nmagnetic

| oudspeakers have had trouble integrating snoothly with woofer systens
that can effectively handle the |owest frequencies as discussed above.
Because of the underdanped quality of prior single ended planar-nmagnetic
speakers the woof shee sttuermd 52cavith adomtlcally GingpanfitQelas 3NAcISERPAIRESR: f rom t he pl anar
transducer rat her I red. Wth t he advent
of home theater Sl,tlllii’lii}%g?l hgs%gllnglgdS'?r?a?ergma%%‘%ﬂé‘%%ﬁ%ﬁ?“@&? RHOBT *fwoof er syst ens
is becomng very @{dawéimleawasflaagmrﬁa@ﬂ 3ibhned mefersblwsinterksing iadiddivee | Mpr essi ve

per f or mance nmrwlmms%fmlgaasssa@mnusse wﬂlnﬁﬁg&@%h%%y lythgorate with
t hese woof er systens has ke prior singl e end palrl nar - magnetic

Ioudspeakesr f r om PiaFAseC FM%‘WY@&WVWFWFWWO?W@%W the 25 art

expr essi ons of sunsrgﬁnmﬁbsﬁustdaxﬂbm%éredte&a&)ﬂ&tsmretﬁaispdciﬂgwm ate a separate
woof er (sometinesy,called effective cat on of high

Th
ener gy neodyni um nagngttgrec?fﬁ E)@g L‘&“““é%ﬁ%’?%ﬁe?i’&g?&g’wt%f’ %% sol ution to
t he above st at ed drhatire eyer time apdiscsedarovart si ngl e  ended pl anar-magnetic
| oudspeakers. Wth reRahsRes seRskbfBm Fﬁibm%%ndﬁﬂgth&%laléé 3Rl Ng the

hi gh- ener y, such as neodym um mag settlng {'he gap 31 at a

center i mum tcfyqtegéé“‘iﬂﬁéi’f"quPPMWTSW@MIMWH#%P@Quency range

response can be lmhipaékae,dspobﬂmagxﬁfbdaﬁphﬂgtﬁaftﬁis@hk@uﬁ&ﬁﬁm&@&ddrl ng an increased
ability to produ e nore co Eu ol | ed ut ahl B’ﬁ near, the resonant

frequency, or to SHOGTRCEPRY ergsﬁ%”ﬁ%én Gy reEsatt t he T esonant
frequency for norfquerih ts bwdsdfr@fen emﬁﬁanou rBesil@ctrpemisMaelk crossing into
a |l ow frequency Vé@&?ﬁl@ﬁ ﬁgﬁéﬁc@ggthethgmgﬁgrqt%%ﬁ@ﬁ u@éig %r’g P@g Lap at its

centered nmaximumto |ess than O. I neter ss than 0.5
mllimeteP. 1t h0bls@dss beesitsingls spded planaryenseatis lopdspeakersdayshabl em it i s

preferred that r’f&gﬂﬁhﬁteé?&w@é‘mo&hly hﬁ@ﬁ&of@@sﬁ@h@&m@é&veiﬁaﬂ&}% applying the
above-stated nethod aor enh ancene & ended pl anar-magnetic

transducer, the t4andgHEses BdRuss ‘Tbﬂ‘f g?cé‘fsﬁggﬂé"f“f‘@é"("ﬂ’/eé WAt h a” woof er
system wi t h subswedrsingt ¢nded plaparanagndtio se@ikerd the woaletsoantl Rgointidi§oihtype of

| oudspeaker to f'aﬁl?sleﬂa}ﬁte%&ttﬁe‘fﬂaﬂa@ fcﬁtefrﬁﬁl‘éﬂdl\(aﬁlb &du%sgmm%gs has been for over
ou

ten years a rapidly %vovm ng "ar ea spea use yhat has seen very
little péptl ci paldf'sﬁﬁl ith 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
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10 from singl e ended pl anar-nmagnetic | oudspeakers. It is a significant and
unexpect ed advant age of applying high energy nagnetics of greﬁé 5@@§
n30 or preferably 35 mB30 or nore in accordance wth the inven lﬂy at it
can provide greater |arge signal output w thout the wusual over-excursion
probl ens of prior single-ended designs. In fact, it is 15 surprising that
by decreasing. the nmagnetic gap 31, over the central portion of the

di aphragm 21 of a single ended pl anar-nmagnetic transducer 100, that not
only the efficiency and danping inproves, but also the Iarge signal output

capability incr ea;&&'@mn'ﬁlﬂé‘ncﬂfsdiﬂ%rmt@ﬂ%ﬁéﬁthcy\@&f&%s@ﬁﬁﬁ@%& fie magnetic gap 31
so as to allow gre ter ?gl aphragm 21 novenent to achieve greater acoustic

outputs. In the 25re iBRRH A PRGOS mpreiin grdlesy e i ollimeger gpeverease of the gap
fromthe 1 milli rrbtsehanOJSGﬂmmmnEde@ﬁ&Mﬁd&hh‘ﬁh)éddrd@sdghﬂs;ﬁdiﬂleﬁﬁt:@rt to | esser

val ues, reducing grefap m%ﬁe%;fofagﬁas%som&?% actual ly increases the danping

and control of th {,\Rl e sﬂai‘i‘}i’f capabilities are
surprisingly i ncrease®henaplyingibe heeistatsdmefodtonenhanckingptity zxipgle2ddesst r i ki ng t he
magnet structure a&aaaﬁaﬁw@aeéd tﬁe%nsh&%ﬂbe%ﬁég%aa?ec&é Quf puts over the

vast majority of t 0? é‘,perati ng range. This |lo frequency control inproves
the sound quality"YH&siHrEys i“i“B"’r’r‘Yé[’EﬂquFC{rﬁs“lﬂﬁ thvwigpisdpeefyst ems and  al | ows

greater overal | slyeisgakeow fiflly peaﬁbttateéfi?dcﬁiel@miyhathﬂue&n ﬁﬁ%er&kln%@ars&' | ow

reduction in the of a
pl anar - magnet i ¢ l%&agéxéﬁg%geafafmw?% er"?’rgh g@ﬁﬁﬁ"ﬁ“i&@é‘@%ﬂmﬂ%%i as di scussed
in detailllabove. wsigl endedl planai-miggeiit budspmlerof t he bi gger weaknesses of nost

prior single-ended plRRaLnABRGAET NS &gug@ REAK '9;{?1‘}!?5 by necessity,
typically nore than abouflgnéoo sq SaPe I nches ?f% éy g?ﬁry21 area as

di scussed above. THEGFIRSELAG %“?5%%?@?&”8’? 3f ﬁ@oﬁre@remaccpqﬂivemi on can
provi de high pel’f\ﬂfhﬂ&ﬁﬂi@nﬁ)ﬁ&ﬁﬁfﬂd@ﬁbﬁde@f‘e&%ﬁﬁ'&s'ighél&ltpul\'i_?ﬁm&ware i nches of

frequency and t nas gt Bulal e B L LR b BuitBe, doun Lo
frequencil®s bel owumemgMYcﬁe@dswﬂmrzagm@gaxpm,oafsthelcemaliﬁcsﬂﬂofﬁae detail, above,
because of the %afpesgnim@ea@eei.aeﬁﬂharﬂx@iléhgga&iucérmﬁim&%m aghe d! aphr agm

area can be further, reduced | ess t squar é 1 nche even | ess

than 30 square i rfElisecy apd dapping imprayesdutslso thp braeeaméqy@htcvmahm he | ow frequency

range i s operabl dnckasn lth@prioeaﬁ;mhdﬂaias to%@&d'ﬂ?enﬁ%@h&éa§3%ﬁs S diokS reduced down
marea 25 is |l ess than ten

to less than 0.5 m and act i
square i nches. Ar’r?’retaJﬁ dmgﬁa Ghi oL Wﬁ?ﬁ‘&rp U SHPEN & B oper appl i cati on

of high 20 inventwe system disclosed 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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energy nagnets to a single ended pl anar-nagnetic transducer is the i ncrease

in 10 efficiency and therefore reduction in power requirenent 8(%5”9
for the first time high acoustic outputs in a smaller size wt
prematurely reaching thermal limts. It also allows these irrproverrents

whi | e saving wasteful power usage required in prior devices. Looking at it
anot her way, .nor.e power, if needed, can be applied in creating a nmuch

hi gher dynam c range, and greater 15 acoustic output. Al so, enbodi nents

di scl osed herein can be nore reliable, and smaller, single. ended

| anar - magneti c dgy n revi ousl urning now to FIGs.
IC2)4 and 25g whi l e ﬁq%w Q%ea%\a&npp%%ﬁuaho WK Gl iSeE¥ S hove can
produce a very wbp@wdanhwddﬂﬂerw Mﬁm@sd@hesedmh@i pleme bicausé ofghesepar at e devi ce

for operating i ntgrldigneer dis Bw&a%%npfow&%ﬁﬁgcam«;ﬁ%g%ama%&btel@&hérr ebl e/ t weet er
range, in some enb&gl ment s erf ormance can roved, particularly in

di spersion of the™® iflé‘i’le‘fsr“@ﬁlf)@ﬁﬂﬂ""@é“"heﬁweﬁ@d?sﬁﬁa“éoé‘h‘é‘leF’é‘?estI\‘i\ﬁé‘éter

errbogi ments 100t f Oilsotbba)plld&\éﬁ:lﬂ'&ﬂaﬂlib Iﬁ@ﬁﬁgﬁgﬁaﬂgelsbpﬁablea?@ﬁb lelsﬁléﬂnf requenfcy rﬁnge
enbodi nent 1001 nve tio 0 cl.osed above can further
0 gl e T SRR e B g

be optinized to pro gﬁ? ghi'y ect ’%ﬂedseﬁ pit¥har - magneti ¢
tweeter 25 devi cedI@hWar@EmmS‘s@mteﬂmstm cient, and of substantially

wi der bandwi dth than  pra,Qher Skdith® ifAREHaP AR 5iRG ton biQgSPeaker
desi gns for higher frequgnceires By scal I ng thep errbglglltcérrent to an

approxi mat el y 2" $§rEpmagasistn a snglecpded plapar-magglis Apsducerisshr jesiese it an still be
bel ow 1kHm, and b@ﬁ@ﬂcyaﬂ@uﬂerﬁ&gfelaucu@upm@hbdueemeﬂaalohmgkbrtth!ﬁ@ﬂuenCy bandwi dt h

R Rt e o
sensitivity of 87th¢rmalbmm I@Bdﬁlowmﬂltsemtovedmetssrhutmamngmestd;ﬁa\pbwng | ess than one
tenth the surfaclgagg;eﬁamgkpg&ld%cﬁylﬁe srrallp%gﬂerwa?%g{ lpg%qptl c tweeters

known to the inventors est tén e on the order of
over 30" |ong by needsd canfy applicdireregtinge myshiighes dypamicsansp pakBelr or | ess. 46 22

July 20055 In WDranﬁﬁtoﬁtblltt ARE eMboliihertediRloea Geteih fanbd fore Aliabledha exanpl e, a
t weet er. embodi nent lan ﬁap acti Veiﬂ% %Qarggm area 25 n the order of
1.5" by 2.25", 4@ PHEERHE 5 PP TPHEEY S REFE FYWF%?Q ¥21 gap 31 can be
| ess than 0.75mm  prBigngab to FiEs. 24wed 25, RBilctatradb&immanpnge. This device is
vl uanl o D Y ARl SRLLANSE RGNS Sy BRS AR SRS 1Y) € ended

pl anar - magnet i ¢ devi ce ectively rable to function In the past, such as
in aut onobil e soJPRH“@‘V&ttOéWPMtqﬁﬂYifq forpperpting interlly very highestiisgueesies ohd now hone

stereo systens WhedtRoiwdgerRaRd 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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Super Audio CDs are capable of 50kHz bandw dths are demandi ng nore

extended range tweeters. Exanples of the enbodi nents of FIGs. hﬁng(ﬁg can
10 operate from bel ow 500 Hz to over 50kHz providi ng exenpl ar er¥ 9 nce
in a device that can al so have the advantage of |ow cost. This surprising
hi gh frequency response enabl es application of planar nagnetic speakers as
- a part of :a.  paranetric speaker systemusing ultrasonic em ssions to
generate audio output. This application is the subject matter of separate
patent applications, U S./PCT 15 Serial Nos. , Attorney Docket No. 7029 and

continuations thereof which are. hereby incorporated by reference, and
will not be di scussedml"ﬁor%Aéagglaq%W%%er%éﬁuﬁxo%&ga“?ﬁc’%ﬁ@ﬂe’raé\?%t?rence to FI Gs. 24
at | east one trangehediernt 300aveenvtitsaliaplogeiianh 2bch thaardehifd ibby 2258quenci es and

attached to at Ieaﬁkhe%sm{s&@aaﬁéim@&iap&@&%ugagsmgehesmm Dfsjyfi zed to operate
down to a |lower freguency than that of the Tirst transducer, thereby
form ng a mul ti walreiabiyie e Kt o dafny rangfe Thipfevicois yaluable ifdiepaker f urt her

i nc: ugi ng at | eaSipp&aﬁHnghheEa?eﬁe mzﬁg&av&mgﬁieﬁdf@ﬁlaﬁnﬂaggﬁihw}dand an
i nclude a crossov net wor or _drivin e first. and second transducer at
their respective f e‘étﬁ’glﬁ\#’gi}" F"&ﬁ‘ﬁ’élg.theﬁ\asggﬁ%@é‘f”é“%ﬁéﬁ@?“&%ﬁf‘ﬁ’er (not shown)
25 adapted to promiliterediy gid ibiethéniegimd hovelgpme sieryo systepmanhet oidb-handt weet er 100t
can be provided. Suﬂ:}%ugio %Yargxl:aﬁé?)let&%ﬂgﬂi%ﬁ@%&%ﬁfd&l}a&%ﬁgm&gm shown) applied
1001f an ra

to the lower frequency transducer a separate anplifier for the
| oner frequency ©Faied ppredyectershBragplaaf fhe prbodimept LKt Hurddi cof t he schene

can be inipne of g§padte frvia bilIHO Bz BRFer SRS ple i exbApliRFBmAkkded i n the art.
30 Wth reference,t.o tEIG %5 trFe hi ﬁh E{egyeg@/ tweetgljéhportion of the
transducer 100t, EXR PRPATEYFLPLPRES PREOT JOESIPHIESER t he | arger |ow
frequency porti ofreqlsd§/respemsesanatifes appidatigylobplemachagngtic speckers ssagmedfiac t r ansducer
the tweeter area bl &ERedyuRlhOhRcifsith RAAMRALuARd the small er

tweeter magnetic structure _1s on the sanme side device as the
| ar ger | ow f r equeHésprrlisgiareis the subject ppttes of sppapatrgrstent apnlicptiongr6SBSTf . | n anot her

enbodi ments, the tspaNes porti aRoddMHocieAlh. MY thdichiin®ibhs HEREr at e di aphragm
pl aced on the opp‘%iite ce (behind the device in the fi E‘E“E) fromthe

| arger di aphr agm "2 2RI AIFRPERpdpyirsigenre andivill nople disissed 1 d that nmany

probl ens and sol utiebns 5 in accordance with the invention are involved in

the incorporation of X'%a?l% refFRE OMGUBINELS ode kBl B0:24Ed Pl @anar magnetic
transducers. Particularly,
optimized for higher frequencies and attached to at least one transducer 1001f

20 which is optimized to operate 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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i ncorporation of neodym um nagnets 40 or nore tinmes stronger than nagnets
previously used in single-ended planar-magnetic | oudspeakers “?i% @y

not. been able to be utilized even though they have been avai a‘?%

over ten years. 10 The over forty years of attenpts at effective
applications of single ended planar- magnetic transducers have been
substantially unsuccessful commercially, particularly in the |arge-growth
areas of surround-sound and autonotive applications where the high outputs
and smaller sizes in flat panels have been Ilong felt needs but heretofore

unavai | abl e. The éﬂﬂ&ﬁ@ﬁﬂlpﬂlﬁ&h&mﬁt'ﬂ%%&%réa%nl@tghﬁﬁlsQs%% enbodi ment s
has not only solved th ﬁ E(gobl ens of incorporation of high energy neodym um

magnets in a singl %’flﬂ?‘i%f‘ronﬁﬁé?@f“ie@%ﬁbﬁwgd@éé‘fm‘ﬁ efigue) opened nany
ways to enhance pﬁcmvuhou@&wapumtgﬁpped potential of si ngl e ended pl anar

magneti c | oudspeaker %‘ﬁme%o‘% iﬂg“g’”ﬁ"l rec%{ggirg;'%ttn%&%tﬁg 8{?1“ 5{gow chal l enge the

| ong- ent renched dynam ¢ cONes 148 mance 20
advant ages’ and thnnccgéwedm&a@lmgmngu@dmmd adedncoBagiodddighérf eri ng a

conpetitive Chalén gthsILQﬁglﬁeﬁ&eﬁmaﬁa?mgﬂeﬂc?ﬁxﬂaQLrQ%mmlarlgynam c cone

speakers, the i nventl on fers new di nension of perfor nmance over prior
attenpts at flat ‘f)"é?ﬁ’é?"‘ﬁl%ﬁ‘?&‘?yml'@d%’?&éﬁwéﬁmms@tﬁ%gef nekilled in the
art in possessi orprmouﬂmssdldklﬁgwéea&u@mygnaﬁmmkﬂer%maumms ot her

nodi fi cati ons of, a ecif ratus and

t echni ques herein beﬂl sl(‘:z’lgogdgé'@’z wﬁ’ P&gaé%i{?"ﬂ’ﬁg ?’ﬁgepﬁﬁ%'ﬁti ve concepts.
It is thObe undeTfhspwoﬁrtxmOEaN@pabtﬁffechmmrcatbetbfsnﬂwdad\pm& and
alternative arr WMH&FS%a‘Q%eMSJbLM?yuﬁstuhc\éﬁf\.lpgom ﬁgpl icati on of the

principles of the “present Invention sent invention has
been shown in t heaerlaly @ ipeigyee- %‘ﬁ‘ﬂh$'ﬁf1’f§“fﬂ>é§dc§°P’15'éﬂda&I96‘9‘éfew th particularity

and det a:l |3 Compﬁj&itioﬁkﬁvheﬂéftht:ﬂgh/‘tfh%tshﬂsﬂ&l&ﬁﬁﬁ&&k}ﬂa@@ﬁl@ﬁﬂeb@nbe_]flhebm)St
practical and pr e inventi it w e
apparent to t hosgo gff A “F?gf ﬁ“g%’f%&{? 'f"f"gﬁ%li’le %ﬁeé“vé’r‘tlonfsr?é‘fmpﬁ@%?r s nodi fications
can be melde wi t holistloddeguabodimergs oy rohentyhyelvedpireiprobleps efincampatatonsfdight s set forth
herein wthin theene?ﬁhfeé&mﬁ&%ﬁtﬁgﬂﬁsﬂgleEr@@dop‘}ﬁur?:ﬁagﬂeiﬂé YanddQp ienhsnvention. The

di scl osure set forth above is not Iimting of the scope of
the invention, WPER Py yaxsitrabrnsprovineslyapperadestpntdl efisgle-endgl 49 22 July 2005

planar magnetic loudspeaker architecture. That architecture can now challenge

the long-enfrenched dynamic cone-type loudspeaker with both performance

20 ﬁdvantages 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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CLAIMS 1. A planar-magnetic transducer conprising: at least one thin film
vi brat abl e diaphragmwith a first surface side and a 5 secondzfyrf§8€5
side, including a predeterm ned active region, said predeterm’ned11 active
region including a predeterm ned conductive surface area for converting an
i nput electrical signal into a correspondi ng acoustic output; primry
magneti c structure including at | east three el ongated nagnets placed

adj acent 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 Cersteds WhisGdhidn© it disSloduf® sstlidr@Rghve B 14 Sdkld @be RAIINESMead] acent _
magnets; and a nounti support  struct Le coupled to the primary nmagnetic
structure and thﬁmﬁﬁggﬁW§ﬁ ﬂvﬂmiaﬁvﬁvg % FeAPBd RS m hold it in a
predeterm ned state of tension and space it at predeterm ned di stancing
fromthe primary magnetic 15 structure adjacent one of the surface sides of
t he di aphragm said conductive surface area .including elongate conductive
paths runming substantially parallel to said magnets; the nounting support
structure, the at least three magnets of the primary -nmagnetic structure,

and the di aphragm havi ng coordi nated conpositions and 20 being
~cooperatively configured and positioned in predeterm ned spaced apart

rel ati onshi ps wherein (i) the nounting support structure stabilizes the

di aphragm in a static configuration at the predeterm ned tension which
remai ns stable over and between extended periods of use, despite
occurrence of dynam c conditions in response to extrene high energy forces
driving the diaphragmto audio output, 25 and (ii) the high energy nagnetic
forces interacting between the at |east three mnmagnets do not interfere
with the predeterm ned tension of the diaphragm said planar-nmagnetic

t ransducer being operable as a single-ended planar- magnetic transducer. 2.
A pl anar-magnetic transducer as set forth in claim1 wherein the 30 high
energy magnets conprise neodym um 3. A planar-nmagnetic transducer as set
forth in claiml wherein the high energy nmagnets are neodym um nmagnets
with an energy rating of at least 34 nGO 50 22 July 2005 4. A

pl anar-magnetic transducer as set forth in claiml1, wherein the
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at least one thin filmvibratabl e diaphragm i ncludes a predeterm ned active
region of |less than 150 square inches, said predeterm ned aCti#f Qﬂkﬁn
including 5 a predeterm ned conductive surface area for conve P%b e

i nput electrical signal into the correspondi ng acoustic output having an
upper audi o bandwi dth extending down to a | ow range audio frequency. 5. A
pl anar - magneti c -t ransducer as set forth in claim4 wherein said transducer
di aphragm has a vi bratabl e area and a fundanental resonant frequency 10
representing approximately the | owest potential cutoff frequency of
operation, the vibratable area and | owest cutoff frequency of operation of
the planar- magnetic transducer faIIing into the unique range of Fr <
(2000/ 4A) wherein (Fr) equals the fu tal resonant frequency of the
transducer 15 in Hertz apGlbimagetiatabsdideompmat abl e area of -the

transducer di aphragm i uare. 1nches.. 6. A pl r- eti,c transducer as
set forth in claim4 ﬂﬁ@$@?ﬂ?ﬁmﬁéﬁﬁgﬁ?gﬂ%ﬁﬁ&&ﬁ“@%&ﬁﬁﬁ%ﬁﬁ?ﬁgg a vibratable
area and & cent erseangmace é, ingelng b pedaagingltactye sgiru etidpractemehied he di aphr agm
measur ed at the GERkekioRhbdi a prfudhABAGTe SR uk] BSHMERL haS 3

fundamental resonant Trequency representing approxi nately fie 1 onest
potential cutoff ifrubdageieatsignakintpmerePending acapptc QMBS vi br at abl e area and | owest

cutof f frequency of agHRtiQfruciufEndhl P adleast IRE BBAdaed igasisducer are in the
range of 25 Fr < wh f undajrent al resonant

I 04A erein (Fr als . th
frequency of the Fﬁaf%?ﬁgﬁfﬁ%‘é? subs qg&pta?‘lﬂf?)cf“?‘%\#‘“évdtﬂé"l‘ A B at abl e area of
the transiducer dicfibibl engpy dntl eglghtaingan engrgheslua niprg®) thaadtimkgm Gatse nagnet to
di aphragm gap ne J: AN - ) e transducer
di aphragm 30 7_q%%%ﬁﬁﬁgﬁf%%%%3@?%%%%§ﬁ§§3%§§?%@Qﬁgﬁm_dﬁ%ﬂ inclaim4
wherein: said transcdarecapting puppstiissiraravpled tothesrigery BrencieseiMsd a cent er ed

gap between t he_aﬂ@ﬂé‘ﬁiphﬁgu?fo'éézbﬁﬁé«tﬁ&ii@&%, bad #inaphacagamaraset ed at the
center of the diaphragm 51 22 Jul 005, sai d transducer has a
f undanent al r esorfdHipe ﬁ"gé"d‘ffétr‘i‘[:%fedfté"ﬂ’l’%g ’%E‘?ﬂ) F ORPREPEIY t he | owest
pot enti al1s5cut of f siniceeisdia@yt oad of e erfatelsies, of tndiaphragm; said conductive
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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the vibratable area and | owest cutoff frequency of operation of the planar-
magneti c transducer are in the range of 5 Fr < (1000/4A Q V\/n %[(;6:65)
equal s the fundanental resonant frequency of the transducer iT
(A) equals the vibratable area of the transducer diaphragmin square
inches and (G equals the nmagnet to di aphragmgap neasured in mllineters
at the center of the transducer diaphragm 10 8. A planar-nmagnetic
transducer as set forth in claim4 wherein: said transducer di aphragm has
a vibratable area with a length and a width dinension wherein the width
dinmension is the lessor of the length and width dinensions, said
transducer has a fundanental resonant frequency representin 15
approxi mately the | ovbst pdtemaghetciRisgicsr af sebigitip clomds ¥hspatsa i on,” and t he
wi dt h of the vi braleadadueﬂﬁfﬁﬁv&mhblhamﬁtgmaﬂhmfapfenmnﬁﬁﬁ@ghv@f operation of
t he pl anar - magnet I u f.. Fr 00/W whereéin
(Fr) equals the f][lu‘%0 %‘d’ aremc as’fsélggﬁéaeﬁf:"gmd nv%regl?nr"zgi%"g%cer 20 in
Hertz and W eqlmif@emndthOQdmsurfma@fwmvemnbﬂlamatble?echa:nl@mf t he
transducer di aphﬁ@q;@wn@saomlg%um%ouﬁt@vﬁgﬂupﬁgﬁwastbarﬁwfd{hansducer as set
forth in claim4 wherein: said transducer diaphragmhas a vibratable area
with a width di nes¥Emng doyriea lpisnge a1dp SREENSY-di nensi on, 25 the transducer
Lurtﬂer has 3 gap di rmnmm@lamm@emnaﬂmmemgsad ﬁbﬂtmammu@xwélfesauﬁnd fjhe ]
i aphragm and sai a ured at. the center of the i aphragm
sai d transducer h%sglécg?%a g% SRt & ai“g'rstgbseoaﬁeﬁ f?'ngaﬁeentra\l? FORRRIPLIEARY i ng
appr oxi metlel y t haeirswmtsg approtimaitly tb lowest mfefitial qunffdreqveney ofopamienat i on, and 30
the width of the vi br@é%tﬁ)lﬂeggndmstkﬁ%équeﬁwo@ggemtzgn%ﬁﬂgﬂﬁ%: of operation
of the planar-nmagnetic transducer are In the range of Fr 800/ W/ G 52 22
July 2005 wher eiFPeRet fanglierafaling g teupighsmBsRcal resonant frequency of the
transducer in Hertz and ({oos@yal s wi dth di mension of the vibratable area
of a;ﬂfa;;ag;gugggsu?'e DA L ils oS meni o ey of it sduaad ! 1O
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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mllimeters at the center of the transducer diaphragm 5 10. A

pl anar - magneti c transducer as set forth in claim4 wherein they w2005
predet erm ned active di aphragmregion has a total surface area o% Y85S t han
100 square inches. 11. A planar-nagnetic transducer as set forth in claim
4 wherein the predeterm ned active di aphragmregion has a total surface
area of léss than 80 10 square inches. 12. A planar-magnetic transducer as
set forthin claim4 wherein the predeterm ned active di aphragmregi on has
a total surface area of |less than 60 square inches while having an
operating resonant frgauyengiedhs 'f@rﬁ%nént&?r&oéﬁgpﬁ %resé%m&] anar - magnet i c
transducer as set forth in claim 12 having erating resonant
frequency of IessapP‘H’éiﬁatéU@eW“t@$““3A°%%W“WWi*%= ¢ ansducer as set
forth in claim4 Whertﬁd:ﬂbrktﬁtﬂbarda&ﬁd(ﬁie&rcﬁﬂ)ﬂﬂﬁéhuaﬁ)tM\éﬁerﬁb@d?hfeﬁﬁﬁ&reg' on has a
total surface area, of ess t han .20 uare 1 nches while having an operating
r esonant frequency e8de ﬁrﬁgwdﬁéﬁ?—& 15. A planar-magnetic transducer as
set forth&n claim 14FrhaNDﬂﬂdAa3) 20 operating resonant frequency of |ess
than 300 Hz. 16. A pl C ucer. as set othln claim4
wherein the predet er‘?hﬂl%e ﬁ%/tgefa&drmgn agm e TR oat{gh US| surface area
of less than 9 S‘E]H'éﬂi'zéﬂclmm@smlﬁr@abhawnﬁhmﬂﬁmt@phm@mmmant frequency
of less than 900 dr&esaﬂ(e)ém&mgn%%sm déa%ﬁ&%ﬁ%ﬁfmﬂﬁ&te&% forth in claim
4 further 25 c isin p ural jt sal ransducers intercoupled as a
line source of s ei"&‘l“frg Hirstreetfiap ducers which forma | oudspeaker
taller tHan one tran$ﬂUCGAplan’thagﬁetiﬁh&ﬁeﬂiberﬁ@@ﬂ&kﬂ:ﬁc]idha%&blﬁer as set forth
inclaiml further i.sing. at gast ,one uct ur. posi ti oned and
abutting between at Iga Sd%tcﬁgm’g]gﬁm N ]ﬁ ener alen et"%“ﬁ‘fo el i mnate
the effect of m@h@P&@@th@M@WﬁwSWW@GESS@MMbnﬁﬂemwdthl y reducing the
predeterm ned di sin@pssisbetween at least two of the high energy nmagnets so
the high energy magnetic forces do not interfere wth the predeterm ned
tension of the di aphrdf Fﬁm‘g‘ flagnenty) gayonant drequency repseptingagnet i ¢ t r ansducer
as set fdsth in @bmmakelwﬂihaﬁﬁsmﬁmﬁlcﬂﬂbﬂdap]arcmmdaﬂdh,sidance bet ween at | east
two of the adjacent h opgnet s g£ast s venty five

t housandt hs of an in%e%dztgr}%}fg% ana?rfan%g}?‘ev sit?:“tmt eﬂ"efﬂ'c? erﬁtéozset forth in
claim 1l wherein thte planar-magnetic transducer arc 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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5 predeterm ned di stance between at | east two of the adjacent high energy
magnets is at |east ninety thousandths of an inch. 21. A pIaQ%{J §%ﬁ§ic
transducer as set forth in claiml wherein the predeterm ned ‘distance
between at | east two of the adjacent high energy nagnets is at |east one
hundred and fifty thousandths of an inch. 10 22. A planar-nmagnetic
transducer .as set forth in claiml wherein at |east tw of the adjacent
hi gh energy nagnets have common di nensions and the predeterm ned di stance
t herebetween is at |east one half the width of one of the magnets. 23. A
pl anar - magnet i ¢t r ansEee FSufiGhe fithbhia Rsohlithchey MEkEkAcLNE 15

predeterm ned di stance between the at |east two high energy magnets is at
| east seventy pefE&irangV)eanals widiydinegtionghtbe ypratphiearcof fretipasdugeho  adj acent
magnets. 24. A pl dsphsgninagiors ind (GYeqgniditengnens dig@tagh @ifdkaduidad ai m 1, wherein

the predeterm negd.di e_be n at | t two of the adjacent high
energy nagnets iIgm%}eéﬁtsgtasetce“?eé%:hrmésglﬁfrdgapaﬁ?% wi dth of one of the at | east
~two adj acént magnets.1020 2Blanapmprineticfansdragneti forttin drimdwderings set forth in
claim 1, wherein ffgemfRiiieABpiRARRGEh hileidtf bt afek b1 iSHhad 196! Udes forward
support structure coupled to fhe nount 1 ng support structure and extending
across and forwar®@ueichiie di aphragmto elininate the effect of combined
di aphragm tensi on forues Qpiehar-iEgae trnsduad: by DAbrHANcHiN Y HBseth mem potential |y
reduci ng the predet.erm ned.di.st,ance .25 between the adjacent magnets. 26. A
pl anar - nagneti c tprreéi%esrﬁ"tﬂlgg uvﬁgla%héatgmfr?gpf’ﬁasiaﬁm%?"ég% ea?fgefs{'ﬁ"’é‘%o conprising: a
rigid covi@ring stsnuwetihes. att ached to the nounting support structure and
having open areas andg;cl Oéﬁgm%ﬁ‘gﬁéic\é‘m&ﬁ&r%%Q%ﬁxﬁ’ﬂélﬁhh%h&&?{ﬁé one of said

' T the diap

first or 30 second surface sjdes of. ragm the primary nagnetic
structure bei ng ArUgERBel acdye dhragnBion by 2 Sbpere areaeflesrhans® and nount ed
over the first sugfaReRhes wbie Wofingah GpeaitupiboRgiReqkadydf 18R MRK 400g1zSt ruct ure open
areas havi ng acoustic,trapsparency. 54 22 July.2005  27. A planar-nagnetic
transducer as set forth i‘glﬁ%\aﬁ?’ﬂ%‘?%d@?eéfsﬁ“gﬁd" g hag ing structure
is ferroud§8 conposperitiogresonatt foquoneydbbssitmg BMdtHzc shi el ding. 28. A
pl anar- magnet i ¢ tr ansguCes . fifghort Blikdlce  &lriHH Gl WL e Sai 4 ri 01 d

e

covering structure braces the transducer against support structure flexing
' predetermined active diaphragm region has a tofal surface area of less than 20

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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5 and very high magnetic forces caused by the adjacently nmounted high
energy magnets and supports the mai ntenance of predeterm ned ﬁoﬁ)ﬁ(ﬁﬁm
tension calibration. 29. A planar-magnetic transducer as set

claiml1l wherein a long termviscous material is applied along at |east a
portion of a periphery of the 10 vibratable diaphragmand configured to
provi de danpi ng properties to the diaphragm 30. A -planar-nmagnetic
transducer as set forth in claim30 wherein application of said viscous
‘material is limted to an area outside of the conductive surface area but
extends into the actl i on of Ihe i aphr | anar - magnetic
transducer as set for gt T %% 2} %setaf%mﬁ%%"ﬁ??%%e%@ sai d vi gcous
material is |im tm@ew@mwﬂmmementaﬂeasfdw‘acpﬂmagmréhlElswdey magnels proxi mate to a

| ast row of rragnqgélegs@see&@th‘,@ghggangﬁmJfg?,p@lr| mary magnetic structure but
extends into the active region of diraphragm_ 32. A planar-nmagnetic

transducer as set fordh jHP %W?@%‘IMWéiﬁforﬁ‘G“@%mélwﬁf%@ﬁs material is a
sol vent bgsed polpyddétaﬁ]tiuammﬁ&mmwaduea&?moAuﬁla@ﬂaﬁmgm@a@ﬁmsgnmansducer as
set forth in clalmfﬁh afi’ t%t di aphragm has a central region and
lateral regions thA{*EPEeniootanddstaninchyny from said central region, said
primary magnetic str udt urfeplimsmagestit radsducer gi setrfortrdrgeledrh & whanoln hat eral 25

magnets that are &Bﬂe@d{@{cefbé&&h%ﬁéag &@&weﬁdjacén‘?ﬁkpéﬁer Ls, the
predeterm ned spdced-apart relationship of di aphragm from the rmagnets

of the primary nﬁ%@fﬁ@eé‘iﬂﬁiﬂ‘é%ﬂdﬁ@”ﬁ@ﬁﬂﬁ%jﬁéw@r at the central region of
tEe d: aphoalgmdvml ﬁh i28. p%#lﬁaﬂﬂ@ﬁ%ﬁ@h‘&ﬁdu@&ads&&&ﬂmﬁﬁlﬁnﬁﬁlﬁﬂiﬂt lmagnet than at
the lateral diaghragm.re are positioned over east one
ateral magnet . e B Rt R 8 Beor 1 1 1 ol ai m 1
wher ei n at Ieastpwdetémme;tdlsaﬁcetﬂeebatweamsehktaslosehalﬁth@ptdmrmfmdfth@r hi gher
frequenci es and %ﬂ%&ghed to at least a second of the transducers which is
optim zed to operate down to a |lower frequen than that of said fast
transducer thereby f@m nbplﬁlﬂﬂmgﬁqUW®9f?Ze*JQﬂ¥y’%®5Wh?f@a@épeaker sai d
mul tiway 1goudspeg lee&er&mwdfsaﬁcetbaﬁéeudfe AGead bwd wga%ﬁergqrﬂagﬁta isfr&t Crossover
filter for dnvm&saldfl{ﬁ M; cer1 é@i anar - magneti c transducer
conprising: at &Y BFREN PPV ?r?l“?/‘? Bl}eétt %?Stl“éc’ a%ﬂﬂ?aﬁ'@fmwth a first '

surface side and a 24. A planar-magnetic transducer as set forth in claim 1, wherein the

Ch

predetermined distance 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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5 second surface side, including a predeterm ned active region, said
predeterm ned active region including a predeterm ned conductéyﬁﬂﬁ%(jﬁce
area for converting an input electrical signal into a correspo

acoustic output; a magnetic structure including at |east three el ongated
magnet rows placed adjacent and substantially parallel to each other with
sai d magnets.each: 10 being of high energy product greater than 25 nega

- Gauss Cersteds; and a nounting support structure coupled to the primry

magnetic structure apf thelﬂha@wem&ee&@wtﬂﬁﬁmm&ﬁ'ﬁ% hold it in

a predeterm ned state of tensiqQn and space It at predeterm ned di st anci ng
fromthe prinary ’H%Eff‘?eet”i“%sm’%’\“m ?Tﬂ?sémﬁﬁ?“ﬁ??émpw@s@?@ftﬁém@mﬁ ace si des of
the filmdiaphragm 1. saA@lmﬁmﬁdmd&wﬁﬁeﬁn@ﬁe&mm@m&hm el ongate

conductive paths Ig rall el sai d magnets; the
nounti ng support u!(’:%g [ H‘?ﬁ&%ﬁ%%&p rag ﬁﬁst?“ﬂ%mﬁm%glﬁmﬁ hree magnets
of the pridhary rra@ W'@glenagmeﬁrcesmﬂbx@ewnrp%rmmmbmr ti ons and

bei ng cooper at i vehigmdns § e ANLleRRS bk QG Hinkd ik ned spaced apart
20 rel ati onshi ps \Aﬁgr ei n tee rr%untr r% support'w%stg%{(gnﬁSE g]e stabilizes the
static and dynanf&®3tat i onshr p between the di aphragm and the prinmary
magnetic structure ager ApHndbehyeRiatki@ndrtoRan tiags wMterge and (ii)

concurrently resi ener etic forces jnteracting between
the at |east threlgl}g?rearége omn\%ﬁma“sa ng?lﬂ'gg{]?‘?étﬁkf?%nq ﬁP"é’PFeé"r‘gﬁ\ﬁ/ith t he

pr edet er rfPned tervshf@hiedfaphrmﬂdri@pﬁm@MmeEeMPMgpbmmmgneti c transducer
bei ng oper abl e asjignspnd?0! €- ended pl anar- magnetic transducer. 36. A

pl anar - magneti c transducer as set forth in claim35 wherein the high
energy magnets conpri-Se rfeB@FmmagIstic gansduger g satforthinelaimdl Wherdir ansducer as set

forth in clai m 3appiitesiBaid ¥itous 2ttt § MmRIAL @YireARERLEMARBRLDY M UM Mmagnet s
with an energy r | anar - magneti c transducer

. .38.,. A
conpri si ng aj%' afb‘it(%tglds ftﬂTeaéh re%?fle‘)f?"ﬁfhﬁp m vi br at abl e di aphr agm
with a filpst surface 3$4 deA plandr-magsetic meHusan asfsetd@thsn dkém 36 wiekeitdi Ng a

predeterm ned acty) @at:&r?&'sa@d"wsc&@h%eﬂfl@ e@rtdgngz%gofﬂ?ecfﬁ bhr%mo%&don i ncl uding a
a

predeterm ned con ve surface area converti ng ut el ectrical
signal into a coﬁ%%‘%@%@&%?f%“ﬁ%ﬁhﬁm@%Pﬁ@ﬂmmmgl%upport structure
coupl ed to the paiuRfputtRedSintotheabtiveiRbibd & the diaphragm.

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 spaEed-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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and the diaphragmto capture the diaphragm hold it in a predeterm ned
state of tension and space it at predeterm ned distancing froi?hﬁ}ez%é mary
magneti c structure adjacent one of the surface sides of the f

di aphragm and primary nmagnetic structure including at |east three high
energy, elongated 10 magnets pl aced adjacent and substantially parallel to
each other with each magnet having an energy product of greater than 25
nmega Gauss Cersteds; said conductive surface area including el ongate

conductive paths rokuaﬁemsal&m%@mgaéak&mrﬂammﬁleasmﬁ@lpagi d magnets; the
nmounting support struct t he d| aphragm and. the at |east three 15 nmagnets

of the primry maff&t rﬁﬁf?rleY‘Eﬁsé‘ Q@ftﬁ‘ peratively configured and
posi tioned in predetesin nedplﬁﬁaﬂe@ﬁbuamﬁcﬁmewiu@ﬁdi@nshi ps; at least two of

sai d high energy rragngttlesdstbelt&gﬁh%q&b %% éﬁfapo \111 '§‘ ?d i qui&mgr edet er m ned
o

spaced apart relationship erern a tent magnet s
have nonstfared, | e purfeed side dnleditgn Hrﬂdﬂpmlméqyn@samaddbydeteomadd | oop 20

energy maxim in @u&lr@gmlﬁafudamrabmm@&ﬂaumgﬂfa&r&a Fo SR %Eﬁi" y greater
than a shared energy nmaxima at a central position between e adj acent

pol es and ext endPRHgelentrisplgiennl 81 4 FrtsspRRdingasqueticPEBS of t he respecti ve
adj acent poles in theam@naiaemﬁﬁxreﬁdaﬁdlﬁga’ﬂléh'ﬂﬂl@mlon‘gﬂkdine@ﬁeﬁfdﬁrﬁ magneti c

t ransducer bei ngnpq{)e({a%aceeuaggsugmhaggiméa Q€%q[‘ﬁ‘°f% F‘S 25 naga%ml c transducer.

39. A pl anar - magne ransducer erein the
predet er Mbned actleing ofbighicomeytraduchgreast tihn Buepa@mssdiesdodnd| ess than 150

square inches, yet gen&haleSy &&&Qe@gﬁ&ggihgmh% AMLAg. an upper audio

bandwi dth extendi ng down to & | ow range audi o guenc 30 40. A
pl anar - magneti c t3% @Hﬁ‘@ﬁ’“&%‘a@e?mf@ﬂlﬁg%ﬁmé#&}%@ conprising a

plurality of adj aca@iahwS@e@tap@&&&uﬁwgBa@&gﬁ&ﬁm@B&ﬂ@}ﬁagh@w ng respective
| the plane of  HE ABkoE e hut il B ol GOk o 1S or cater 57 25
July 20055 than an aveidagducizd suacodreadmvbuligy clbngstedogdiative phils raming r al  posi ti ons
in the plane of tsn@mgﬁagpgﬁ,m‘gﬁgy@ﬁgh&prrespondl ng adj acent poles of the

adj acent magnets anar netl1 ¢ transducer as set forth in claim
38, wherein the shar‘éﬁn‘é'ﬁ@}gégi’l’ Ghge, the digphragm apt th et legstre®0 percent of the
| ocal | oop ener g\mapnd®RX thBFrimary magnetic structure having coordinated compositions 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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42. A planar-magnetic transducer as set forth in claim38, wherein the
shared energy is no greater than 80 percent of the | ocal |oop %%Fﬁgﬁ 3
pl anar - magneti ¢ transducer as set forth in claim 38, wherein t %9e
energy is no greater than 75 percent of the |ocal |oop energy maxi ma. 10
44. A planar-magnetic transducer as set forth in claim38, wherein a

pr edet er m ned -di-st ance between the | ocal |oop energy maxi ma for adjacent
magnets i s approximately equal to a separation distance bet ween t he

correspondi ng adj acent  magnet sﬁhnvgmaﬁlggg?a]nar-ntgg%al 2 aces nsducer as set

forth in claima44, whérdlnt ance Bet ween the |ocal
| oop energy naxi nﬁcffnéﬁurfacdjsa@eﬂnludmma@deermmed;acme rég@astid predeemiinedf i ve

t housandt hs of an,ditGthion4Lmd e o anp=Tolal=T N ogl ¥ =Ty Lo (o7 T t forth in
cl ai m 45, wherei nat he&mr edelfegea?grrn ned di stance. gt ween th ﬂﬁ%gngl | oop ener gy

nmexi ma i s at Ieas’E‘P‘ﬁF‘FFéﬁ»‘s‘%”h’ﬁﬁﬂ%&%@ﬁ%““@ﬁ%@% 20 47. A planar-nagnetic
t ransducers as set foridﬁodnﬁhg@ﬁp@b:{@na&ur&\&wﬁl&i R tht Prenanh@alat Snemped di stance

bet ween the | ocal 0 s at J.eas rce t of the width
of the magnets. @d%ﬁg %ff %ﬁ&%ﬁ@fﬁ@@%ﬁghd&ﬁﬁé@e@gﬁ 8 %h in claim 38
wherein the pr ed@msenmdmeb$qbane®&nam&mmoeigabmdm5hnqnyxbghmen any two of the
at |least three %ﬂé@ﬁgéﬂ{meggﬂggurﬁ@&gogyoﬁmm&% %ﬁ%d | east seventy five

t housandt hs of an inch : pl anar - etict ucer as set forth in
cl ai m 38 wherein the PW&@%PWW@%‘&’%B@“MP@M@FW@M&W@ bet ween any

two of thm at |ea;ﬁatgnémiIae@adjasémammsmmlmmﬂaweg&mﬂi&%ﬁ%&hm& a |east ninety
t housandt hs of an_i.nc | anar - magpet i E%}cher as set forth in
clai m 38 wherein W&ganﬁ’ﬁfrgb’rpg’a‘gﬂglgf??tﬁé%“g%ﬂf%ﬁa ‘el ati onshi p between at
| east two of the at Isa:asctndtwhveewfacmlqammdmeldmggdncoemmyathmgniags is at |east

one hundred and f&ﬁsﬂﬁaﬁﬂgpéﬁﬂmlﬁ% . inch. 58 22 July 2005 51. A
pl anar - magneti ¢ transducer as set orth’in claim38 wherein the at |east

t hree adj acent, hi gh ®sfequptipe supperestrectusn e disbrmge anddharblasitsess and t he
pr edet er nisned Spaﬁ@ﬂ&s%l)ﬁéﬁnn{a@'rﬁbﬁeﬂ@sibéu&eEﬁﬂfg\ﬁ&ﬁ&atﬁ%%r&ﬁﬂgﬁedhﬂw of said

adj acent nmagnets i one half the w.dth of one of the adjacent
magnets. 5 52. A Pﬁf“éﬁ%f‘“?fﬁ%ﬁ%’{“teﬂspﬁe PREEH CFABPPSYES set forth in clai m 38,
wherein the predet erankesnggo sfzaid bigh apay inagnet xing adishiflppditnadan at | east two
of the at |east tpmdggrmmed 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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adj acent, high-energy magnets is at |east seventy percent of the width of
one of said adjacent nmagnets. 53. A pl anar-nmagnetic transduceﬁ A3y 960
forth in claim38 wherein the 10 predeterm ned spaced-apart re% alﬂ'ons%i p
between at least two of the at |east three adjacent, high-energy nagnets
is at |least 100 percent of the wdth of one of said adjacent magnets. 54.
A pl anar - magneti,c transducer as set forth in claim 38 wherein the high
energy magnets are neodyni um nagnets with an energy rating of at |east 34
.15 n30. 55. A su j ' _ | anar -.magnet i.c transducer
conprising: a thP@J&?ﬁ%ﬁé@ﬁ%ﬁ{r@%ﬁﬁ%ﬁ%@% B%tho%sgnrqge éaé‘egl e and a second
surface side andlisrhragmlstweep caresemdingadiacent polss dffcedised magnets. converting an
input el ectrical 20 sdignah plafht-Raglett Ghds@SH A\ thiéh iRAAMSE WheBilRUt . Sai d at

| east one di aphragm.jncluding., a predeterm ned active region; a high energy
magnetic struct ur af&‘i@d’”é‘ﬂ%fsi”ﬁﬁ‘péﬁ T thap Prpercent offthedqog lopenstegt -+ and bei ng
configured with rmsijpact to the diaphragmto drive the diaphragmas a
substantially single-gnde di o nsducer : d 25 unti.ng structure
coupl ed to the di aphr%’gm?81%%5??%%3%%5%%5%%&%3?gglwg‘ag? nined state of
tension and at a sprsldrargyrivhogeeterdhan Baprecenigf thelonad ledpendgygh  ener gy magneti c

structure over an ext@.ndeﬁpxaﬁf.ﬁ&geu@maue@aés@l%rmmﬁnE@%&Qﬁmw use and
nonuse; said di apg{égm havi ng i nproved perfornmance characteristics by using

a 30 pol yet hyl erfEH& SIS q@katragy dpercent phhclocaleopenesay magipat he di aphr agm
56. A pl dnar - magnet i ci4t r amplahdcedgndis trseduce & skthorih e BB whein £ U t her
including a | ow i gh.. ratur | yur et hane crqss |inked adhesive
for bondi ng sai g%(ﬁze?)eﬁ%iﬁc |ls%§£§§hr” egjglg%gér?gm enfrgy?]ﬁ‘émqfff?rla fdfaphragm 59 22
July 2005 57. Amnpkusisisappreriratali equal boanspeiatve disteroeetvicsithyg; a thin film

di aphragm havi ng c&reﬁﬂo@cﬂﬁga&jh@eﬁt%%eﬁ”d a rear surface and including a
conductive surface area bonded to the di aphragm@gx a | ow mass hi gh

tenperature pol yur et #ane 4Rigemagnstic sdyerpassstyath mpfin Maparen iy an i nput
el ectricds 5 si gpmlbetdniiha datafid bérsH td tcd Bop@ghixtnaGbtafbtent Sai d at | east one

di aphragm i ncl udi g o, B LSRN HeHatholiih bt f9! ON

46. A planar-magnetic transducer as set 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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a high energy magnetic structure having sufficient magnetic field strength
and being configured and positioned to drive the di aphragm as Julv 2005

si ngl e-ended audi o transducer; and 10 nounting structure coup edﬂlfo he

di aphragmto hold the diaphragmin a predeterm ned state of tension and at
a predeterm ned distance fromthe high energy nagnetic structure. 58. A
pl anar - magnet.i c. transducer as set forth in claim57 wherein the high
energy magnetic structure conprises neodym um nmagnets with an energy 15

rating of .at |east 34.,nmG0 o ! [ - net i.c. transducer conprising: at
| east one thin filmv)br af_xggﬁaé_ G a%%ﬁ%&%gr\%gieﬁttogh?%i?l&%gﬁﬁ%@% side and a
second surface si&iastthige pdipdénh fighensicetieaney nvarenimarcdipgnsionsgyld tom,  sai d

predet er mi ned - achrdv@mirdismiBodlaéd rieliofip BordleR 648 b RS ARAFUCE | ve surface
area for converting a electrical signal into a corresponding

n O.in
acoustic output; P %???%Qnﬁg%%e%’F‘PB’Eﬂ“ﬁ?féheiaﬁ%&iaﬁG“-at | east three
el ongat ed smagnet s pl fic edAplijapeegittcanddpeasdrit inthiv 3pamakihee to each ot her

with at | east on [ net s bei.ng.of high en wi.t h each having an
energy product oﬁ"f%%%’g’??é‘? Sqaga;%pa%@@o%}él ge“@ﬂgéegwogfé‘gé}méh@e% a nounting
support struct ur edieesaiphighcenerey mizeetyds it least sevartigerednt of e widitodf ome@f and t he

di aphragm t o captsi &jdeltemstnghr agm hold it in a predeterm ned state of
tension and space it at predeterm ned distancing fromthe prinmary magnetic

structure adjacent ord suf PARE™eERelis irgisdupqy as setfprbinyslaim A8 whergin t4%i d conduct i ve
surface dalea i nclpudiginel gR@aberteicInp bevReA lehStwo dFhé 4 Gast BRe SUbSst anti al |y

in parallel with i S _any .at | east _three adj.acent nagnets
being oriented td {?5&0@%3%%’9 eepsxsbag{e%sﬁ {bﬁ ﬁerchﬁog ¥fd 8501163%?#& ation to an
adj acent nagnet ; adi@getmagngisy 2005 said primary magnetic structure having at

| east three adj acent SEI.OWSAﬂgnaﬁﬁ%ﬁetimfaﬂuge?asmmthﬁcl%Bitkvﬂt‘einltﬁeaSt an Ou.t er
two rows of the at_least three rows of nmagnets providing | ess magnetic

field strength tEBERSHY MAGICE R BRODEIYPRmansty Bihen engrey mting of afeastdd aphr agm t han
provi ded 16hr ough nide conducti ve surface areas of the 5 di aphragm by a

center Lo of he Medhet o Sl Sl RF LBl adycer operating o
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
20 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
25 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
30 polyethylenenaphthalate film as a base material for the diaphragm.
56. A planar-magnetic transducer as set forth in claim 55, further
including a low mass high temperature polyurethane cross linked adhesive for

bonding said conductive surface areas to the film diaphragm.
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60. A planar-magnetic transducer as set forth in claimb59 including at

- least five adjacent rows of magnets with at |east two outer roﬁ“ﬁ @ i d
five rows 10 of nagnets providing |l ess magnetic field strengt { %(g%n t he
conductive surface area of the diaphragm than provided through the
conductive surface area of the diaphragmby a center row of magnets. 61. A
pl anar - magneti c.transducer as set forth in claim59 wherei,n the primary
magneti c structure includes neodym um magnets with an energy rating 15 of
at least 34 n0. 62. A pl %nggl-rraélgeti cdtransduce_r as set forth in claimb59
wherein:  said di aphr 2gm RES"EREREG BRI OBREEd | ateral regions that are
a distance away fronethaifiin diaphtagrahaving g from surfeeiaad gredr mafage amignet i ¢ structure
has central regio i Ig%lﬁr I .that are spaced
away from said ceﬁ%l%qﬁﬁ?%%n%gﬁg%gﬁd%%%ﬁﬁ e etg{grb %gﬁggg Essgu ced apart

rel ati onshi p of tePERMEReHAIgHInF B ¥leNsdadhepivg fs eogvegting phiapubeléctristly nmagnet i ¢
structure geing gdigalifs a respordiBfidchidtic duRd QAR aObast N diaplla@PREGEP Over at | east
one central nagnet t an . a tﬁhe ateral regions over at |east one |ateral
magnet. 25 63. A HBTRETFOIU A& ai ni ng cal i bration for operation of a

si ngl e- ended pl anar - aisghreetrgyondgetinsnienore having buffivient nhaghedeleldstréngthn i1 m

di aphragmwith a j LSt S .f ace.,si de that

i ncl udes a conduc??‘b%ﬁrcg%%&ﬁﬁoﬁ%ﬁﬂ%?@gggg?etd%g%%g]agﬁsdngsebeg%%d froma primary
magneti ¢ st ruct urd¥dip figsdyeRsggd hi gh  energy magnets of greater than 25 mE0,

sai d cal ior ?ti on rel aﬁlédélg;gtsﬁmiuaec&fpﬁ@@%e%ﬁplﬁ{%%mmt)b@&ayﬁgéh&ge hi gh ener gy
magnets, ii) magnet, to.diaphragm spacin and_ ,iii)_ proper tensioning

l evel s for an ond’é?dﬁtamﬂ?% °é?°gr?°ﬁ§‘§daaﬂ?%fgqﬁfe§§??ﬁ9‘é‘?§?%ﬁ‘ﬁﬂw'§§i d net hod

incl udi ng the st epsgohagndid st@d@urdul y 2005 a) cooperatively configuring a
support structure andsgposjtdoni i LAY qBghet s..of . the primary
magnetic structure igssé p‘lr\gllarg{]llg%ﬁ‘le&ngﬁ’?@ﬁggsesg{}gapa?l?mrgz tE‘ffimon"’shi p wherein

t he mounting suppégbenesgymagneticseuciredomprisgsagodyyipmmyagnets with anmagrgret i ¢ st ruct ur e
and concusrent |y g bist Bast¥a@iioener gy magnetic forces 5 interacting between
t he hi gh energy magnets so as not to icﬂ:t erfere with the predetermn ned

di aphragm tensi on:; arfd, b} PAREEEATHS Jeosdveer smpHMPEagm t o t he support structure

so that the predet erarestde tindipnviagbld daphiagiwitta fo biafaiteide #der | ong-term
use.

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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64. The nmethod in claim63 including the further step of: 10 c) placing an

- i ntermagnet spacer structure abutting between the adjacent ma%zn .
The nethod in claim®64 including the further step of: d) attac |ﬁﬁg‘§%0(ﬁgid,

acoustically transparent bracing structure over the second surface side of
t he di aphragm and to the nmounting support structure 15 for further
stabilizing the predeterm ned di aphragmtension and for-protecting the

di aphragm 66. The nethod in claim®65 includi.ng the further step of e)

posi tioning the high energy nmagnets in a spaced apart relationship to
provide a lower val ueS#rimay DREFicHryrRatinget learehrgsadiseeri s dfeidereen two 20
adj acent hi gh enebygide magheeih dRat indulelt@o RvAHEIeQS ledstiBeLthalftr agm cent er ed

bet ween the adj igh ener . ts C ared to | ocal |oop
magneti c ener gy aﬁnﬁé%‘g&%g? Ssem%i‘eg‘r’r:gg‘g e‘tﬂf@ﬂiﬁﬁ@ﬁ?% WSWhEs ated with
respective adj acefita optb¢ disphrag therteoviddd thoeghttheragimaivsurfhd aresdofd hod f or

reduci ng & St orti Qfnhin & 3k 7 Bg Gdonlth,@anar - 25 magnetic transducer
including a primary maaneti c structure and a nounting support structure

and a vi brat abl e di apfiairar-raEetsderducer opettinprarsinglesedetilenay and  conducti ve
region with sai d pehdiptetdter. boundary; said method including the steps of i)

attaching the vibratahl e diaphra to the nmounting support 30 structure
such that it is nounféead agp%ﬁ%@%m@aﬁﬁﬁﬁw%wé%ﬂv%aa pri mary
magnetic str uct urlesstdivichdiredntiowsof magittatvith 2 feasptwe datreswiionad fivesnsi on, i)

applying @ | ong tgh &gﬁgml | .port.ion of the
peri phery of the vi Egrnat abl e d%g%%?éatg%@%ﬂ%%ﬂﬁ'fﬁh%%%ﬂ%u%ég&%he nmet hod of

cl ai m 67 wher ei n %4 pidhaslisghragmthangrogided throyeh thy candiciverserfaremeadt thol yur et hane
conmpound. 69. Theliapeighas a@dnteEloRloMmbdetddner ein said viscous material is

applied to the diaphtag nd the di aphragm i s made of i

pol yet hyl enenapht hal gstl‘e %ﬁa?ﬁa”ga%? "*E‘E‘“t‘r%tsﬁé?imd‘fdadméﬁ‘fﬁe%%er ein said
sol vent based polpyirgrhgasts stugugdsuges netipniim nagnsts @itpiniesthytraing he di aphr agm
and the dpaphr agnyiif.4®dfs®f pol yethyl enenaphthalate film 71. A nethod

for reducing distortion in a single-ended pl anar -
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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magneti c transducer including a primary magnetic structure with nultiple
rows of 10 nagnets and a nounting support structure and a VI }'ﬁf%

di aphragm i ncl udi ng a peri pheral boundary and conductive regi on ' wthin said
peri pheral boundary; said nethod including the steps of; i) attaching the
vi bratabl e di aphragmto the nounting support structure such that it is
nmount ed at-.predeterm ned distancing fromsaid primary 15 magnetic
structure and held in a state of predetermned tension, ii) attaching at

| east one electrically conductive non-magnetic sheet structure with
acoustical |y transpar&nt &oausivalyeoRiisuringa seppprtitudtoeand pestiguitgthe has at | east

a surface area pIH@&der@,&ham&&épﬂn%&ﬁagﬁéﬁ@suﬁl&%mqureﬁe?éngmmhgcwl e. rows of

magnets to |rrprove | i peari. t ggneu c above the magnets. 20
72. The method of® ?ﬂ“s}’ip 'S'r“é'TEI’i“"P’Fi’ Ypros stpefusg spekilizetfheRiERYve sheet i s
made of copper. 7133311¢NCS’I:BtbmdlldtcmcumqnﬂsavadStslhIgWerfefggqizl@Elﬁb)for&eI‘fOI‘ mance of a

singl e-_engled pl %@@ct%mutﬁeﬁl BARSEHESol OL LE UL PGSG,Of i i M 21 ng

di scontinuities roving 1nte owWer quency speaker
system 25 said p¥r @ﬁ%@ﬂ%ﬁmﬁahﬁéucer including a primary magnetic

structure nount ed t Op)@ SMiREAH the B whgﬁlwtﬁesaﬁbqnamxth@&@mwee thin film
di aphragm whi ch I ude pSl@actl ve.r | on, conductive area within the
PR

active region an g"éfe’ésr‘f’ér‘ft dt"H?rlI?nﬂ?B“‘t"Fénductl ve area, said
thin filmdi aphragm b@i ngfhafmdlhdscﬁﬁlclhlmﬁﬁblddmrﬂiﬁh&gteﬁbwport 30 structure

and held 4gn a predet epm ng nsi Qn, an redeterm ned gap from
said primry magnetic structEgﬂaﬁﬁ%ﬂﬂﬂ(2 ?ef'é |eﬁ§ttg]ﬁ| FPRE steps of; 63 22

July 2005 i) inclgsntagenss. | east one eI ongat ed hi gh energy neodym um nagnet

in said primry magnegsic ’&Ehﬁﬁ&d%&am@ﬁﬂclhd%dﬁ%t&kr@g pgai d predeternined gap
to less than one mlljneter he neth claim /73 wherein said

predetermned gap is Yesd %’“%ﬁ%ﬁﬂd groyeeally frauppareRt Bacingatiucurgieveiet hod of cl ai m
73 wherein said mméeﬁhnmmOgﬁmap&abﬁﬁﬂmmmﬁg&pﬁadsﬂm er. 76. The

met hod ofy C|alm}(§,ﬁ)§ﬂ§§$]ﬁk 4l of. sai.d pri netic structure
conpri se neodym um nagne m% ep:%?c%mnne%d:aphragmtensx 1 an or};lrotecnn the

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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10 77. A method for increasing signal output capability of a single-ended
pl anar - magneti ¢ transducer having a fundanental resonant frequﬁpjéﬁyg&g-re
potential |ow frequency range down to frequencies bel ow four hun rtz
and a vibratable diaphragm area of | ess than one hundred and fifty square
i nches, said planar-nmagnetic transducer including a primary nmagnetic
structure 15.Aapunted to a nounting support structure and a vibratable thin
filmdiaphragm including a conductive region, said thin filmdiaphragm

e 0 oat 0o a9 SRR o S WL Bl hilelefle BiRERC ) T M e

state of tension and predeterm ne
structure, 20 salhaseﬁmlnwamfemw%g the steps of: i) |ncI udi ng hi gh ener gy

neodym um magnets in @ai dTl&rniemEddfclaxM%&éﬁsaﬁwlsh&Tslﬁﬁt@‘nal @RLdai ) . adj usting
sai d predeterm ned

than one m|lineter he nmet hod of claim
Sowher el n sl d ar A AR AN e eEs BB b ol B GEea e A noheo. 70, The
met hod of 5cl ai m 77 whe&x ei The&&mﬁﬁdbm&gmmfaﬂaolw&tﬁaﬁ$oljnhﬂﬁn 30 square _
i nches. 80. The i ald | ow.freguency range is |ess
W%ﬂ?t%lﬁ gmtodtz M%% ess d{a%hraﬁmds Iga% ufe

t han ei ght hundr ed Z an At11ineters and
di aphragm 30 ar eslypthylinensehtiplatgfilnt en square inches. 81. A nethod for

overcom ng thermal [iq tsAg,feth@tgmdgc]{gldlw%hghg,mﬁ@g_@gdemarat tached conductive
el enents while |ncrea3|ng?sou pressure out put ability of a

si ngl e-ended pl arfdF*HatH ‘feﬁm‘gﬁ‘défﬁﬂlﬁ"&aé’( magB‘?P"QtE‘c‘H{?I peytigle rowsefy
pl anar - negnet i ¢ tnisgnsdnCAtiounting kuppirisguctiraanddi ﬁbxatbﬂledﬁptﬁa@n inéthdivgdi aphr agm

i ncluding a condg)gtﬁlhgrglﬁ%d &gcgidﬁgvea%f%nwfructdlf 9‘3 %%l mary nagnetic

structure nmounted to & moumn r¥1|nfllmd|aphragm
bei ng nounted to sai dalﬁﬁ'ath‘tdm?@ldgmb%m% structure and being held in a

predeterm ned state off tepsha m@ngamggiﬁ%%% gﬁ? am said primary
magneti c structure, S{')il d net hgd i ncludin he st g‘pl) SuH?cl udi ng at | east

one el ongated hi dﬁ“%‘FFé‘Fﬁ')’haHé’éEf?‘fﬁeﬁﬁﬁpffﬂWeq distaacingfropy s BRMAY nagnet i ¢

structur @5t o r edutagnetic shdpté #n@ Held iA P bthte FFPWBIterhinéd téhsigh,ven sound pressure

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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10 level and allow ng increased sound pressure |evel before reaching the
thermal limits. 82. The nethod of claim81 including the furtﬁ‘ffulfﬁ&(% of :
i) using polyethyl enenapht hal ate as the vibratable thin diaphragmto
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 adhesjve for bonding said conductive elenents to . the filmdiaphragm
to increase the thermal limts. 84. A planar-magnetic transducer

ising: 20 at | i i : ' fth a first
conpri si ng at |easf ongugiyMelst &n%édg&%ﬂ%%hﬁﬁgue@%fuﬁ% arrs

surface side and a _second surtace si a'pre m ned active
regi on, said predBsdf PRRECAEREES Y% @9 on i ncl udi ng predet er ni ned, el ongat e
conductive surface ar@ns kangeel prédétermingd dhp & 1ést darne AORGMEL | Ve el ements for
converting an input elgectcjcal sigpal.jnto a, corresponding acoustic
output; 25 a nounti ngL"gupB-I&ﬁ"?emgﬁ?%@%Pewq’ﬁ%’ﬁﬁﬂ%ﬁcd%’mﬂrg‘ggaﬁr‘siq??ﬁry nmagnet i c
structure.5 and th@mﬂ-ﬁpﬂﬁmgmto capture the diaphragm hold it ina
predeterm ned state ofs t‘?Hﬁﬁe@z@dmﬂﬂgﬁl@mﬁngaﬂkd&&%ﬁ@%éﬁ?lé%sed di stanci ng

J

fromthe primary magnetic structure adjacent one 0 surface sides of
the film di aphraghi ®ary magnetic structure including at |east three

hi gh energy, elongateth. 30heiRgbEISlaiR] BaREteiR el AGRM of Mfpriglst antial Iy
parallel to each gt he.r with each magnet having an energy product of
greater than 25 nBga tﬁ‘?’;‘“’éﬁ?@f@ﬁ%‘g MM PERLY two of said high energy

magnets Ui ng adj acen? y posthtd forisgkasing signalpnpaedpeyility sfedinglipaded apart

rel ati onshi p whergl.n.adi | 2 July 2005
magnet s have nons‘ﬁdg?}edéa,gﬁelﬂg%dr%gmg#@%%n@g%%gﬁreur?'lggaelﬁt ed by local |oop
energy maxi ma as RRERYal lgk freqyeermnasdepyrde frequensioyhs OB&&@WQHH@Z pdspect i ve

adj acent  pol es ofvitrdidicRiagiagRaeh GilesSBENAL BundSind ifPNEHMGEde surface area
running substantially parallel to said. nets. 5 and nore proximte to the
| ocal [oops of the hisﬁﬁp%‘?‘?ﬁfr‘ etf?%‘f’?g‘fcgr"’trgﬁ' 8 3 IR SEERRT ST nt of t he
shared ndgneti c |mopsd themmnsn stjpert stalftare adta vivephle thin fils disghrgghanar - magnet i ¢

transducer bei ng ;0pafabl&ads 0L N0l €- ended pl anar- magnetic transducer.
85. A transducer as sg_t ?ort h |gir$15hcl aim 84, wherein the conductive
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 el ements are substantially parallel to the el ongated nmagnets and the

conductive surface areas are nost proxinmate to the respectivgziﬁ%fﬁm#pop
energy maexi ma associated with an adjacent nagnet. 86. A planar-‘magheti c
transducer as set forth in claim84 wherein the high energy nagnets are
neodym um magnets with an energy rating of at least 34 15 nGO 87. The
t ransducer, of, cl ai m 84, wherein the respective conductive . surface areas
are approximately centered over the |ocal | oops of adjacent high energy

magnets. 20 66 said planar-magnetic transducer including a vibratable thin film
diaphragm including a conductive surface area and a muiti magnet primary
magnetic structure mounted to a mounting support structure,
said thin film diaphragm being mounted to said mounting support
5 structure and being held in a predefermined 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 in said primary
magnetic structure to reduce a required input power for a given sound pressure
10 level and allowing increased sound pressure level before reaching the thermal
limits.
82.  The method of claim 81 including the further step of:
i) using polyethylenenaphthalate as the vibratable thin diaphragm to
increase the thermal limits.
15 83.  The method of claim 82 including the further step of;

ii) using a low mass high temperature polyurethane cross linked
adhesive for bonding said conductive elements to the film diaphragm to increase
the therma! 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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magnets have nonshared, localized magnetic loops represented by local loop
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
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
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
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,
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