;e3elMN1] $t 6NTr &AD 02/ 063922 United States Patent Application of Janes J.
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Your petitioners, Janes J. Croft, Ill, citizen of the United States, whose

resi dence and postal mailing address is 13633 Quiet Hlls Drive, Poway,
California 92064, and David G aebener, citizen of the United States, whose
postal mailing address is P. O Box 2193, Carson Cty, Nevada 89702, pray
that letters patent may be granted to them as the inventor of an | MPROVED
S| NGLE- ENDED PLANAR- MAGNETI C SPEAKER as set forth in the foll ow ng
specification. 1 WD 02/0(3922 PCT/U S02/01757 | MPROVED SI NGLE- ENDED

«PLANAR- MAGNETI C SPEAKER Thi s application clains priority of U S.

provi si onal application Serial No. 60/263,480, filed 1-22-01, which is
hereby incorporated herein by reference 5 for the teachi ngs consi stent

‘herewi th, and this disclosure shall control in case of inconsistency.

BACKGROUND OF THE | NVENTION Field of the Invention. 10 The present
invention relates generally to inprovenents in fringe-field planar-magnetic
speakers; and, nore parti cul ar| yUnited StatesRagent Appligaitanar - magneti ¢ speakers
w th single-ended primary nmagnetic circui%g. 2. Background. Two general
fields of |oudspeaker design conprise (i) dynam c, cone 15 devices and (ii)
el ectrostatic thin-filmdevices. A thiamesJ. Kzofellbf ore | ess exploited area of
acoustic reproduction technology is that quthin-fiInl fringe-field,

pl anar magneti ¢ speakers. This third area ?epresents a bridgi ng technol ogy
bet ween these two previously recogni zBavigGrebaler ar eas of speaker design
conbi ning a nmagnetic notor of an electrod¥nanic/cone transducer with a
filmtype di aphragm 20 of a electrostatic device. However, it has not
produced conventi onal (NPROVEDEINSLEENDED SUANANSMAGNENC $REAKER oup, have
achieved a significant | evel of nmarket acceptance over the past 40-plus
years of evolution. Indeed, planarmagnetic speakers currently conprise well
under 1 % of the total |oudspeaker market. It is a field of acoustic
technol ogy that has renai ned expl orat g enbodied only in alimted
nunber of relatively high-priced condgﬁmﬂmmmmmm@MCts over this tinme period.
As with market acceptance of any speaker, conpetitive issues are usually

controlling. In addition to providing perf8ffance and quality, a truly
conpetitive speaker nust be reasonable in price, practical in size and

wei ght, and nmust be 30 robust and reliable. Assunming that two different
speakers provi de conparabl e audi o out put, the deciding factors in realizing
a successful market penetration will usually include price, convenience,

and aesthetic appearance. Price is imarily a function of market factors,
such as cost of nmaterials and asse@”@@@“ﬂ%ﬂ,”ed desirability fromthe
consuner's standpoint (as distingui WO 02/ 11 (3922
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TO THE COMMISIONER OF PATENTS AND TRADEMARKS:

Your petitioners, James J. Croft, III, citizen of the United States, whose
residence and postal mailing address is 13633 Quiet Hills Drive, Poway,
California 92064, and David Graebener, citizen of the United States, whose
postal mailing address is P. O. Box 2193, Carson City, Nevada 89702, pray that
letters patent may be granted to them as the inventor of an IMPROVED
SINGLE-ENDED PLANAR-MAGNETIC SPEAKER as set forth in the

following spectfication.




PCT/ US02/ 01757 actual quality and performance), demand for the product, and
supply of the product. Conveni ence enbodi es consi derations of adaptation of
t he produgb ob@ésoow t he speaker will be used, such as nobipliripsezekaht ,
size, and suitability for a custoner-desired |ocation of use. Finally, the
aest hetic aspects of the speaker will also be of consuner interest;

i ncl udi ng consi derations of appeal of the design, conpatibility with decor,
size, and sinply its appearance in relation to the surroundings at the
point of sale and at the location of use. If planar-nmagnetic speakers can
be advanced so as to DIRROVED SINGIDENDED PLANARSMAGCNETICKEEAKERY Nani ¢ and
el ectrostatic speakers inFéiQ%S ‘area?ﬂjfgf consi deration, further I0 market

.penetration can be possi bi &5 3BRCPRONLHDSPRONY ALY Sepe vishea applisatins Serinke
product that proviNdes0/243480D8lked Y208, WiEh IshereBy nehpsatdbff tRabre, W th this
backgrounﬁ, a di sgus ion of the relative successes and failures OP
.conventiohal pl and¥-hpigabinet casistsriherwithand dis figelosyemshsll aprtrolliosasead trait s
of operation will ifengktenep. It is interesting to note that the category of
fringe-field, 1 S planar-magnetic speakers has evol ved around two basic
categories: a)"single ended"; and, b) symetrical "doubl e-ended" designs,
the later sonetinmes bepRGKGRIAED OMENE N ENTIGND both will be touched on
as background for discussion of singl e-ende% esigns. A conventi onal
push-pul| device is ilFigldpf thedevention-| G 1. This structure is 20
charact efg zed by two LS . each suppogt ed

per forat {ao substrates ﬁ%%g%%ﬁé%ﬁg%@ﬂafeg %gd(l)l%}%glﬁg(g‘fefn é”mgi"&l@é’g%flgé flexible
di aphragm 12 whi chlaparahagdes speakenspands mare patichlarly to fringe-fitld plansr-hageiioned
into a planar conf] j An di.o signal .is supplied to the coil 13,
and a variable vo%ﬂteg%%%ﬁg{]ne%flerbor%gwlggﬁ r?argn?thcew(‘fﬁ'lysr interacts with the

ot herwi se fixed nagnetBaxkfroaidl 25 bet ween the nagnet arrays 10 and 11. The

di aphragm i s di spl aced.jn_acc n ith variations i he audi o signal,

t her eby generating a gre”g%eélar ag{éegﬁssﬁ%"\gmf?'ﬁﬁ esig @@@P@%&réyé?f“?’&ecoé'ﬁarrpl e can
be foundliin the ddeidessndr(d) eléctidsttic RintfentdeMoes, 4 HE8, ROdofoRINS dxfisihe! an.
Because of a doubzllred-tgag Lront/back nﬁgqet | %0?1}1 of _prior push-pull 30

pl anar - magnet i ¢ t Fsh&ATUsHe EPRdsipr dehnqlagyds tabofdhia-fimgtsmeeiedld algnanave been
general | y regar deslagtiorpeskets fihes thind arembrea@tsram@ng&?mogpoemehd- Al'so,

t hey have certai nthglgrfor mancg |imtations stemming fromthé formation of

cavity resonances (V0 BEVIPPSHTecARNIZ5d 8encad atsps fsnrnifendayien; combinnge t he
cavities, or chanmejeidfobesadidiodentRRESRRIMREH | i TBOBRLS.Ah the
arrays , 11, and WO U2/ UG3922 PCTI US02/ 01757 acoustic y radrating to
the external envi¥drfiHes4dstieh Haoreuer tdas pot praduesdissnyentiosl nlanar24. Thi s
can cause probl enpaghetiC@inb@icBrs! WREAHGHE LR%p, Ha{’z'&ic'ﬂﬁe'v{l?ag HEOQG Bb i G t O
resonant peaks and band-limting attenuation. In all Irness It nust be
said that singl e-BHYedccsaEneryenthe pasbi0-phipryeses dfreypintion. Ingrediplanm- and 5
particularly whergadiage JFRARRLuFBRAG Bhplist Wdi I.Ly, resonances
can occur in singl zéé ended as c\>\l/el I 8'Iac.s géublée%ﬁ%@%?e@?é%%?%ﬁ%‘f%-ended
desi gns are al so Paketi &us afielg obeeusticiterbnalogydtbitdwsmmiagid Exmomtonpandsi ve
magnet i gsf orces, HERI LAV 4 Amfl L MCE L f _such.devices
outward. This out warod' bpw?ng gr aﬁj}sﬂ{"ﬂ;g;%Sééveyﬁl%gﬁ%ﬁﬁﬁﬁpﬁﬁfﬁqgﬁ%g‘g?

t oget her 10 and adveetss tiggeniehsi on on t he di aphragm This can significantly
degrade perfornmance, t - i ering the speaker unusable. As
menti oned, a second cﬁ%jd@%é}g%‘tq%ﬁeg%%{e%?}gransé’fe %@r’gﬁ%ﬁﬁgﬂy% ISEYSR BTE; Uskally

si ngl e-ended deviwaolling. tih addifier te powiding perfGrmahce and qualigad tralp Boepditional

si ngl eended spealg%‘;_ l(confi gurati Me i havi ng a fl exi bl g di %Phrdagm 17 with a
nurrber Of aker must Be reasona émpnce,pac 1cal in's1ze an welght, an 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



15 conductive elements 18, is set forth by way of exanple. The diaphragmis
t ensi oned and supported by frame nenbers (not shown) carried by a substrate
19 of thewlg@gs922nd which frame nenbers extend outward (pMaid01Yst he
figure) beyond the top of a single array of magnets 20 to position the
di aphragm an offset distance away fromthe tops of the magnets to
accommodate vibration of the 20 di aphragm The array provides a fixed
magnetic field wi i ed.on the
di aphragm It wil }aalggel%g ﬁggn&ﬁeri H—g%n%?) genga?lﬁg %e r§du]c§ ?& Srs‘fﬁgﬁe?sh (typically
of ceramic or rubbardilzte@Oheamanteemlmdpesmtsw@n)noxprorfudqumcaoﬁtheprorledrfh:red
energy field, co t he..prev Y ssed | 1. vice,
.assum ng conpar ag}ﬂ%%je &fg%kser \g%llé%edzgéeagsu ea%ausl[e:Py t’ve{gmog'z ﬁgéj%‘t'tﬁglﬁtyéérar easons,
previ ous singl e- enulminde:lmmesloaaﬁorc@fmsacEmeﬂlyzae bestetio sdpeqps mthdgda@erfor mance
t hat has peen deerre e able for c al a I|cat rthernore,
.convent i o'igal si ngl™ 3@%@%8689?"855mﬁea?fgmrz‘ﬁjcutgocoﬁﬁ ‘%ﬁlol“%" @P@aé F €wor k
ef fectively; and, desig)canpatidiliey \lvasseceif Eﬂzé‘,laﬁmﬁunbbaﬁ appeanaiod & reh@smith @t ati c
and el ectrodynam C Iou& Eeaker desi '51 &r;ed above. Small, or 30 even
aver age- si zed si n§FERUBAGEHA SHSRHN © bthg lagationof nser Hplpnagrmagnetic
el ectrodynam c andpeekastdnqetaatmemeaMoﬁ)paw\%rM wil EREEAtRALY
participated in the | oudspeaker market in the time since the introduction
of planar magnet i EleSRAXRANIE andelpgtraptati speakprs|im thete ey pEapsideratinns firthgr gr eat er
than 300jsquare i pahes n'@ﬁét%nlé%@%ﬁblls%'r@as&ﬁbl%@&?sﬂﬂi@?s%hdtﬁd 14y tapeaker
mar ket ; and these exhr% limted 02/ 0( 3922 PCT/ US02/ 017
conpetitiveness. WWQP““@‘P@V@&%/‘hem@Wah‘F@Tthm’&‘rha@ﬁmteﬁtﬂéndard speakers in
terms of acceptance, swidaRkbiddrohft, Qisb@sBn PRE #e%?lltvk ABess& Al faiRfLg
performance. But again, the market penetration o anar - magnet1 c speakers
is less than 1 %o Wmtonﬁpb@@ﬂ'mynn@ @ﬂéﬂ@&e@dmﬂglpwﬂ&@dldESMéwm Pri or
si ngl e-ended pl an ‘ AL AN eas
require correspongisergtWgﬁékﬁ\‘igqﬂsﬁg@rey gﬁ%ﬁée{ggiéln@rggagegg ruc{’%%es% and,
such rel btivel y | nlagarmagpeticksprakersdns bfel\cdm@endsmasnocge@cies ia)"sﬁrgtaa
environnments. The Y l fficlhenci &Snd ared W th
el ectrodynam c anén&? gpd iggﬁghés/al eée)tugfr%s nd(rdeg%Sl%‘ g e ST %omdt'\l/tEP £ and
hence nore expenstalled "pmbtpuﬂ i"andsbdtlowpﬂmﬁbrmbéedlﬂt aqutgmtmdscbrgimhssmwer to
drive them At fi LSk sion, a single-ended device m ght appear to be
si mpl er and cheapergfg 8g'tshan a doubl e-ended desi gn. The sane anount of
magnet material can beAldﬁladnﬁI}haQﬁlsb-bulﬂlgevﬁdees illbsteledes BIGM . ThiestiR@MEkS t O
correspo to the X, Whrckness of a go Ile epded ar }y énf magnet s.
Because fragnets of™% 6512 B oAsRFtC Ay, 4L and,j . gac §“I{Pﬂ{‘ FE B feaper
installed than twhistas PRDY, af@gesaionedion tppaﬁtetsmes:kfa(mlwm?mﬁblze ended
device) there shoukld be. sj n|f| cant Sﬁﬁr nﬂ]séj n.a single-en

a

configuration. Ful t‘f@r"t?ﬂtdé a popduvE o Wiy ensiqngd Ie 2PIgMATF i cantly | ess

with regard to si egifiguRnskedas asdicdisnal fs¥agphed arkdond 3t shdaxRassIebIkest
savi ngs. 20 I—bmevgﬂﬁbdoubl ing the depth of the magnets fromthat of nost

desi gns does not e{?'é"’tdﬁ%“‘eq?f)%‘ﬁ]tlé raﬁ@é"i‘@ﬁh“dﬁ%ﬂméf fixgdgpacaptirgfigld ce t he
magnet i coener gy i Petlvbéh tHemabRE HRH 16 Aty Al anbuapmand didcad ha¥cRdanfBgnet s
when using conventional ferrite magnets. Accordingly, the expectation for

| ower cost per a Yith&driavens istheaydie sigagletheichy giperangmgfiesirehaserstidevipile has not
been real i zed. Somep%éseatatremraspreeadr@oroervoemtuteedlétﬁﬁtettfefs hBghg; ended

pl anar - magneti c devi ces have i1 nvolved the use of relatively many nore, and
very closely spactéd?’6figpwedto Whelabyi de sufficiently high nagnetic field
el Oy oven Lhen,  hovguie: of DAGMANR AT HAneARAFEHrPhARulS O ever
nmore magnets to generate enough sensitivity and acous & For at

| east t h¥kse reasonlsnarmlagoetlcatatlsiumrstrucmurdeﬁebwuhlea@dad@mms:haab byenaccept abl e
si ngl e-ended pl an not achrev LI d | ower
~cost for corrparab?gne%??%t'arﬁ%%gse ggfﬁ%ngba‘lasmoﬁcom rgﬁleddég Pﬁough t he
"basic form of thehrvestntamcpmfoemmaIhdutstemn‘stbmnhtg fmmrmeédsmtah«amm&h/ puI I

devices. And again, the g ign. atg not ob i at ed thelwgre d for.a larg

surface area and [HYPEFSAET S QMY B‘E?ﬁg&g WEAhRPYE Tipyeh threyitiss I‘?er speaker
t ypes. WO 02/ 116m8as2s RCIbhddWAhO3pated bbireenthe magiidieo faliccdtiay €00, L an@f t he
doubl e- ended pl anar-magnetic | oudspeaker is quite different fromthat of a
si ngl e-ended design. For exanple, the magnetic circuits of the front and
back magnetic structures interact, and require a different set of design
paraneters, e.g. spacing, field energyg, and spatial relationships between
the essential elenents, to be optim zed for best results. Very few of those
interactive relationships are transferable in relation to design of

si ngl e- ended transducers, whi ch have ther roown unr que set of optr rral

S " e e



10 singl e-ended devices, have utilized rows of magnets placed closely,

si de-by-side to provide i nproved performance. The magnets are oriented so
as to haveoalgsnati ng polarities facing the film di aphrag@rhiseyseh
carries conductive wires or strips 18 placed conventionally so as to be
substantially centered between adjacent magnets. Such prior devices further
illustrate that the magnetic 15 field energy to be interacted with by the
variable fields s r ips is a
shared magnetic f:%te: ngcaﬂﬁg(ﬂsmé%d] 4%’?%&32‘?65%‘}19 f?"éélent magnet s.
In such prior dewsc@yatet hf&Mv”Etud@blceusnpgrbmnscat é@faﬂﬂ'rdqﬂexb&sex@hdmg ed is

assuned to be at mat a bet ween acent nagnets
.of opposite pol arl%tl r| “eht511°8 ealas aﬁdggnc{gl\é\ﬁ%'ﬁaft%f‘tif’“ i%ﬁt%t’b S Ygpnust

pl acenent of the cbersaidﬂtat siggletiidef) Hedighs tateenot in@hehedftont thastprodemidn@n i s
typical. To achieve sufficient flux densit. at the position centered

.bet ween t Re magneParicilary,wherg the magpes spacined E’?e)tomer’éﬁt"? rg¥pEanceReant ot g

size of the systewmcagatsiige-bRicl BEwaREabubleYhded(debiznd he magnet pl acenment
must be much cl oser toget her and nore plentiful in a single-ended device

than in a push-pul | Au e‘ﬁ%fb’ﬁé?ﬁ‘@staf%ﬂ@dlﬁﬁt@t‘laﬂ?SGWV? feedeformptiondram ast

wi th standard, dywmsevewgﬁettcmessmeména ito Bétbi fhe sidal & sudnisdgpeaker s
have a criti cal paramet er .that nmust be optim zed for proper functionality.

The parameter is PP BimRUYH Pewine drysdeeedzpont teodispirasm doser togethant  No.
4,803, 7330t 0 Car V@hd altely RPRhsiofHYRE Afa gmaﬁ‘ﬁilstz rﬂﬁcfamo)s&e%mdg tensi oni ng

of the diaphragmin a planar device Is ver rrport nt t 0 performance
of the | oudspeakeperqumasceh@srh%m of rendesiyigd skeapmugabdé. consi deration for
thin-filmplanar devicgs kL I i.h_design and
manuf acture current t htgnn}egtlﬂor%g%géf%glg ﬁﬁoﬁggﬂ%na@? e?lar%agrpfcomapd“ust ed

devi ce can neet shmgk-enéqdmemeﬁuwmmrmcemﬁl(isﬂjdt’yplcaimons.tenitdnarm@e long term

problenms with ten i .Mensi WO
(12/ 063922 PCT/ us%*é‘%gf%g&%ﬁgt%g&t"“ s o &%’356‘%7%%{ B PR o
di aphr agh$ nount i ngorsluf:tu@tetnrrents(wnpwtﬁdthw wdyi csfemrmﬂé €The daphergds | nt er acti on

spaci ng of st not oo ARSwep e rRT ite (HEHGH e BaiedE T he
adj acent rows of nﬁ@aé’amemd wihith €faaetmettérsexahi bawhfdr(epxedrdaamhf@ﬁrb)er to a
greater or |esser de e dependi the palarit tionshi t he
magnets and t heir ° ggﬁﬁéc.’p I’i‘es”lg%t 38? rgene tOPP%%Onc‘E‘h‘ﬂﬁ%%%“ ?fg? g‘ﬁ als to
deform and inposexsthhwtg@s} fiofh thoi@pé bf the @ffetsab accbhinfoda@ RibABH 3l t he

per for ma?@e of th aplgreakeﬁl?q over tipe. Electrostatic Ioudspeakers have

critical i aphrag wEy Lo vidsy p fixpbmagnsticield yith respest tetmeatl ¢ f or ces

working to Changecctrtmactb@nsmaodemoﬁt}eds@mgwayt Will beQppanéht BaiMe Qﬁ@é ee.
Dynam C Ccone- type S;)ydg ers have mag netic coil transducers and rong

rel ated forces, magpet {ynigally Of %“r‘i%‘l”ﬁHéﬂ*bB?fgﬁﬁf%ﬁommséwa}myﬁ@t| c
speakers, and par atrﬁnut@ddhyed%nag& ﬁel@%@r@afé@@éithFe@IdugglansCLQQ&lepukmblﬂ e

chal l enges with respect to long-termstability for aphragm t ensi oni ng. 15
W th conventi onal 9pi%nassuping sehpaablgBagnstsaraysed. n@?cé'a?é’fﬂvﬁ wdgthet i ¢ ener gy
derived Py increagdfigstph &rl&H@ﬁgfeaenQéd cfebf%essétfc@ ?ﬁcjf'smé’ﬁavgﬂwbr Rlegt he magnet s
in the magnetic structure further exacerbates lem of magneti c
forces interfer ent@fanmanse gt hasbgenedremedrpecepiable for C@emetcheaﬁpdiﬁfelgm ng, this is
true particularly OverFthﬁnorJQ&%n%QI%?ﬁ @ nd%&ﬁ@h Ha2'Had W\Q@ltgo many 20
practitioners in the art. Another exanp a prior art si ng Si ded

pl anar magnet i ¢ delargedo wark effectivety hed, evdmsasarc ksedficenthanfstanfird e | ssues is

set forth in U S. Tur "
' parti cul ar consi d%lr%{o?%hc%l@el%“gﬁmﬁgﬁ %& emse‘%s'%ns m’?nhle seaﬁ(evcetl b‘?r proper

magnet s 3or pl anacvmgﬂegermegpmgleenéed ;ﬂamnmagfpnnc tlavites Znpareditaler at i on.
H gh-energy neody net s || abl e r.over ten years,
_have been used i ng?g oy g‘ﬂf/ﬁndrﬁlecgg%%g P gr%Lli?é'ﬁR‘etreg%m%ly\ﬂammpﬂ@g i the
appreci at ed, howeloadspeskecinaskpeiakertisneinca te igtgucyontd@ e agedcer | al

structures and supporti ct.u 0. support the s and. a t he sane
Cime maintan ot SREKGh CHPRIrSIGH HEF o icPn oA aiTRR A0 e dishes,
influenced by thehdvR@e&tvailabl (SusHRumers at ihe Sperk ke 0 tHREEHEbItHRAEY M um
magnets have not been effectively applied to single-ended planar-nagnetic
transducers over this past decade wherein they have been w dely avail abl e.

This is true even though there has been a great need for an inproved
magnetic circuit to enhance speaker oytput and reduce size.



WO 112/ UC3') 22 PCT/USU2/1117S7 . One possi ble explanation for this is that
practitioners in planar-magnetic speaker technol ogi es al ready have

di fficul tywowalbsebhe critical aspect of diaphragm tensioni pgrAs2HPR%1 oned,
not only is it necessary to achieve a proper initial diaphragm position and
tension, but that this configuration nust be maintained 5 over years of
use, despite inter-magnetic forces, tension forces, and stress arising
during dynam c vi i t i |__of. which can deform
supporting and st géflﬁk éltfz?ﬁoﬁnggss't?ﬁaég t}?gg}rhgtgyenlr‘riegk$ ar “ﬁql\gés?ae"%f’ réllcsf’ %arkgrs %33%

di mensi onal st abi lof aogemtiincs,sottatdlity tredertnie appisatidnsycosty sndqerfotnantd. yBwmor ki ng
over time to change.. et _paositioning and.structural fra shapes,
«such that the di ag ar"?’;ig}?ﬁ “e‘g‘gs}i"(%%e%é‘ﬁ%? %t% aé‘a'?r%a T&fic ?pgé&ﬁfsalﬁﬁef%éﬁ? g;?"stance can
be influenced. Ovérchaingedlogi singtd-shded ad pushi-pllddeyiqeer Prad sdiletdnd®l plédai-s t ends

to un-cal%br ate the di aﬁhr.aegm. enshi on Qnd degrade the perfornmance of the
.speaker. Tt only {HRELCHCYH sy¢h lree diaphragiy agses Ay qorgsnoadingly
significantly alt edatively 198¢ Al eXpéRE e Gructurés) hrit, ich RIRVARARrEBBYBAKelsCan

| oudspeaker. Si ncg?t hi s % oblemis already pivotal in the performance and

lifetime reliabil PE§Bierspmesy Black in semmeenvirenmentn shee bave relatisgbelewat i ng t he

probl em further weffitieHsies RfwollB&ARiafed WAt RQtrodyn@mAQnd bIEBRslAE sjeRld, act i ve
b as a substitution for

forces would not appear likely to function reliably as |
conventi onal nagnERAYINRAMORE Rveslah pndikeseempreiexpensive tamplifienada previde gy nagneti ¢
fields used in sipgdeBaeHgRd pBk@NGEARARGL T C | oudspeakers in the current
state of the art. 20 Wth current magnetic structure designs of

si ggl te- enqu pl anar - madyhis @PF%;ESE@@S@&%dWngﬂ;ﬁE?WﬁMO@b@Wlergnd )

si de-to-si de spacqfperdSbHRTRA LdbubR-Haut.aen ed above, a
per cei ved problem w ?eﬁ hi gh- ener g;‘ll rrtaegnets? ?sdﬁﬁastﬁghlgggr%t??%%%%@e forces of
th;a mta_gnfa]tS \(/jvou![ dnzﬁpel&;g@ @uwébYQwﬁlmgénﬁb;Jh}e@ cif.ﬂpaiugpet%o crmtes;r;gdiy) .
potentially distopt.i r ARpragm ensi on,
but even affecti ngl tCE%bsta%%ﬁ#ggg{&&lﬁggfing r%gé)ﬁgl?gnah aceﬁ?rug%?m%rbegsnos. For
at | east 1§ hese pot eiven sibteridamaln swics asthick aglvhstpereingdlled g neics adhwmamey not been
successful ly used_j mr. ial. planar- et ¢ desian.. Anot her
difficulty with cglﬁgnee?lsth%ong lc(sicl(ﬁsgﬁneal-dg)ﬁ@ee'arg%?gﬁg?értrtﬁeéens u'l“(?ﬁ&%ﬁ‘@é%r desi gns
ils t hat of I?wfrwmlfsmya srimgkgex;ddd sdmﬁ_ggiaﬁatm. Pﬁnhmmog@gtelsﬁﬁct?mmmfp&ix&y

pl anar - magneti c speakers not..provi de. t he extende w-f requency
perf or nance of a geséﬁnég?’g%qgsﬁmd%qf,totsWéEeenﬁ%d[sfeﬁlé%ﬂgRﬁ%@m%d? i ntegrating
t he pl anar | oudspegkeed vist davimgsubwoof er in an audi bly seam ess fashion. Due
to relatively poor danping of prior-art planar-magnetic | oudspeakers, nore
parti cul %@ll y single- e:ﬁ%‘&gﬁﬁgg, hf’%g’tﬁéeﬁ’fg\?b Bwﬁ“%ﬁg%ﬂn thag OEIB%H%?%‘%S at the
low WO 02/ 11G39aG%s RETachiSeliBé Odpéaréd fdshe ey prRdinftwideehdthaiedc daghet i

system response range, which is at or near the transition frequency to a
subwoof er . Becaus%‘tg?gatpmeté"eai‘g’féiﬂﬁpf"i‘?ﬁ’i“taﬂ},“‘teﬁg%‘i.’x{fl“lﬂ“%ts,f“’é‘g'ﬂl}‘%‘nﬁ s often poor,

with clearly detegnabltRnaddeilcsRaghets ORorAALIP N thd SPectMATordbPertcBstloBi &
probl em For at | east tgl s reason, there is a need for inproved 5 danping

at the fundament af'VFRRGIERIICE l¥efuid Heyingfe-casdasice hetat preanenlizetadgieri c
speaker s24 0 | over aitbiniptsab irhRBve the! BsiRIof sipPeRhAQt 13- Rhprdehd Bevidel BAWI aphr agns
and conductive materials of the attached coil of prior planar-nmagnetic
speakers has pres@Nelke! Heused rdsirrlyargumorpand ey eleseli wperdagrgncisiiat have

of ten been used i gopik QurrObARAHighlHadhBEEd Enchdy2HREVEHES, SolRVE, X Phkit €d poor
thermal stability and poor di'nmensional stabilTty at elevated tenperature.
Thi s has her et of otrea Bughe serylages, ueing even morampgneistio génaratecenorgh sositidtypr essur e

i Tmiactons of "onERoE: AR ForRAARAGe AR ETROPHEnES SHELIRG | Uos Ued
- to attach conduct¢Qmmialésaca¢1ﬁhbmsi@l¢-ér;de&l plgharmsagneticsiaeiae have ndi aplevaigns.
Thermal | y-i nduced _ .on | ens have. been further nified by | ow
_efficiency due t othrgg%sg%%té‘ieyr/coﬁg%??%%aﬁ%) S Reremance %egq"gi"ﬁoﬁlf"%s 5i'H§l e- ended
devi ces, requiri ngyegtimagiethe pasieeform optheir steuctune wonld desat to\be smgpldr thafipich-

| ocal i zed heating d.therefore requirin reater therpal dissipation for
a given acoustic %‘ﬂﬁ%ﬁi‘:eﬁ‘ e‘{\/é’l?ga‘ﬂc‘@sﬁf‘cfi‘gﬁfd‘ﬁg?gﬁﬁ%‘f"éd fhe "ﬁe%éﬂgﬁﬁs“ ace

di aphr agn conduct aregandQGhdeible adagb deradel compavedl @ ith et dttier btakdrdypeand

di mensional stability to nmaintain proper tension. In sumary, heretofore
nei t her doubl e-ended or singl e-ended desi gns of planar-nagnetic

| oudspeakers have reached a stage of devel opnent which enables themto be
favorably conpetitive wth speakers ok the first two types 25 di scussed
above (dynam c and el ectrostatic) having nuch | ess stringent manufacturing
requi renents, smaller size, higher efficiencies, and | ower costs. This |ack
of market success has continued over a period of nore than 40 years since

. o - o



30 conprising neodym um have heretofore not been exploited to offer needed
i nprovenents, particularly within single-ended speaker structures. SUMVARY
OF THE | I\WB\L‘E}(;@dzﬂ'he invention provides A single-ended pl 3gaiydgeerelic
transducer conprising a vibratable diaphragmincluding an active region and
a magnetic 9 WO 02/11(3922 PCTI US02/ 111757 structure including at |east

t hree magnet rows adjacent and substanti ally parallel to each other. The

magnet s have an energy ter Qersteds. A mounting
support structure coup'lvpﬁcg R Arcp ﬁ\ﬁer %@e'?g?{sﬂjmﬁ’i"@"gﬁd the
di aphragm i s conf ilquspeeker & quitk dxfﬁei’eﬁt ﬁbrﬂrﬁar angmmgtre 8@ désehMFsE examplel €Nsi on

and provide a gap betvveetn t he ﬂﬁﬁ tlc ture and t he di aphragm A
.conductor is carrlﬂgd“aﬂ)e ferfeeyt Sg’E mé%fﬂ‘?/%‘“’ﬁ?‘éeé intefAe 4“§ confi gured

t o cooperate W thrighige moigfeehi ot @ﬂcreslgﬁ pur@net&sw P EFcinIfidId eneddy BRI paiALt O
convert ap input electrical signal into a corresponding acoustic out put .
.The mount? ng supp&idtioRihirsdetyesn thFﬁ%“’ﬁ‘ﬁ‘gﬁ‘@'ﬁ“F’éfs 4 ?‘ﬁ?ﬁt’m‘@ forrhestagsylitict or, and

the 10 di aphragm aeg EePa0ad ikekiveRRRABRs é’r@@l‘aﬁs@é}fiﬂlgﬂlr@l%l&rﬂogps‘?%r%fe as a
si ngl e ended pl anar-magnetic transducer; and also, so th unt i ng
support structureSigg SﬁP‘F“ldz"@ESdPPF‘éS ahishhEtheir pwa uRigveeof aptimeh r emai ns

stabl e over eXtenmloﬁﬁiﬂs%&eﬁtht-;'%?senti%?él%&ﬁs @Q&N&f ence of dynam c
conditions in response to high ener forces driving the diaphragmto

provi de the audio out pit me@me@esmn@a&@agMc bitegkere pertigylanipeggrroetitc f or ces
interactimg bet mﬁﬂglé@h&d%tewté%aﬁatvehaﬁz%g %né‘t@ IQ&BQIOQ%J%,Q%eIB?’- o ng
support structure. Tn another aspect he 1 nveft: on provi des a

pl anar - magneti c ttoans‘ddfclewrmﬁrpﬂfmg:eaﬂ"m magtetsaneoricnied s6 bd tmhavebr at abl e

di aphragmwith a i secon ace side, .including an
active region, Bdf'r lflgt;&&?t%gf%lr?%ﬁlﬁc ?Pg’%‘ a’conh f’sv(éong‘afm/%ce ar ea
for converting anwabsa@tsmpsaB plachlnonsangmmlllyts@asaobesum&pﬁmlghca:gera@oust| c

out o 30, "3 TGRS LA S 8 R SRS

tsfra]u d mg it s té: i ngelgzndn%gﬂg bettaergycd eﬂcl{syt havaﬁw%eafrel@ I’Q&I’li@)byplli&fiblﬁﬁl}tl) OI great er
an nega Gauss e res in stro eragti on between

adj acent 25 magnet™®™® éo?q?“ﬁwse(fd?ét’s?%‘?Tea&agﬂﬁﬁﬁﬂsﬁsg‘%'g’nl € A "Buppor t

structure coupl edbét@ednhﬁjaamﬁﬁgﬂeﬁs Ih KUt pHibedeRitek, tﬂ&%vﬂlaﬁ@hﬁ@ﬁéﬂc fbi@e APt UT €

t he di aphragm an L"&é in g{edet erm ned state of tension. The
di aphragmis al so & Eit‘”‘ssélmﬂfl beA & meKigHint Ha Pringhalt vy RetwesaLw? e adj acent

one of the surf aCﬂij&bﬂQﬁagﬁétS bippoiiRPbaAgBriedBifort Qrméb%ép\éﬁdlﬁélgfcﬁﬁt@re@r ea
i ncl udes_one or nore el ongate conductive paths 30 running substantially

paral | el 2% t h sai BlageagAEARL eWH@CMM@t@tfﬁ}s’oartfhaéloﬁaj@peﬁrtépwaén@ot he at

| east three magneichicot siffi@edtROR 8érsfy attﬁ%ulhﬁcerﬁé}éd ﬁéa@eeq'u?eqh Ogagtmn have
coor di nat ed COprOSI tions and are cooper ativel Y confi gure posi tioned in
(1

predet ermi ned spabasdrensbpue thahdropenly dpasites fta Ze)Oftth?eSY%Ur'iﬁMg bgupport
structure stabil i gesadel@udi(BARE ASERel fla@mehhisFbEANH QU4 11
02/ 0C3922 PCT/ US( 12/?117§7 redetgégﬁmﬂ?]e propser or operlgtto égl%trg%\dsl?%% whi ch
remai ns stabl e ovilgntHldn bé@ﬁ\l@'@ﬁdeéﬁpélﬁ@@éﬂ e uslipulbplanpsenaguidis piansduesccur r ence
of dynams conditions g,phLeRR0 g, ving the
di aphragm to audi o out |5'ut andmﬁ‘%t Vﬁl ﬁ?ﬁd& I{gner OEQ%QX {a?%gﬁgrggh
i nteracting betweplpnar md%ﬂaﬂl@mdtaw easttcaltmrmtqmghmvs bdoptumlzed fot prop@re with
the tension of th p - net ty ansduce ei ng
operabl e as a si nglpg-ogﬁ gﬁ%ﬁﬁ%&z?tﬂm&m% m TR {S%e for exam;%'l g, bsb

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

6



In a nore detail ed aspect, the high-energy magnets can conpri se neodym um
The hi gh energy magnets can have an energy of at least 34 n30 In a further

nmor e det ajyhaBnggpect the di aphragm can conprise PEN, and fpdrd@s0isQ; can a
have a danping nmaterial disposed around a periphery of the active area. The

conductor can be incorporated in the diaphragmand al so can be coupled to
t he di aphragm by an adhesive. In a further nore detail ed aspect the

t ransducer can conpti i . Whi ch ; ilize the
magnets of the rrag;mr%'fea;bﬁg}f ?1}1}}3% %%@?aéﬁl%%gﬁ%&ée%%{@%ag&'%%ﬁt'?%g‘plfch]ere'munti ng
sugpgrt [ ngt rs]t ruct @toal,poa:chhg:tfm pe»blei?nisl f@ee%/intmhctidnew?bﬁglﬂmmagnettmhwtget o abut
an race the sup structure e, i nter-mgne race c conprises a
.conductive materi gﬁ{p%glﬁl STUGiE o R {gscéosgm@%e(tjﬂ%f ?1§8Pﬁﬁqq%?'il%lg ARG s

non- magneti c, e. gstratures, ifeaagoetir foretsadf thesadihcert raavfaghay eadntedhcigapper . 20

In anothey nore detail ed,aspect an inter- net spaci bet ween two

.adj acent Tragnets & rﬁc%gpeéf?aégtog‘rer PREReAHEr Eaéfgf& re\ﬁ,idalfqlfgg‘\g “B%%BPOI?% t wo

adj acent nagnet s. refh@nsiinef hgmegietshad BledpRingt NBHR ihBACnGEr tRhe &t her of
the two adj acent nggnets,, or sagne val ue between half and full w dth of
either of the nmagffematerals iadpfrms andimppsebanges omthe filip &asigr. Ehivean sect i onal

shape wherei n t he d¥grafehthd Ser@imatiee bLBS pediterdbvRAlim@s the height. In a further
nore detail ed aspect the ener,gié of the magnets can be varied froma central

portion or |ine of synRittFaptaig @akeggthay egritipalidipphrigmiiensisatisseessbut dheyur e.
The gap between tpendia6ee ﬁﬁg&h@fomg%Hénggteqh&nggm@'t&@iasm%&L P& g5 i ed, so

as to be greater in a central portion and decrease laterally outward from
30 the center of thesamedemses Dysamigepra-wpe snsakersdabie magnstie ceibtrasdusersaspect

the di aphragm can a&?sdgﬁg ?ela?éﬁolc@!, bhmrhog'gtqiﬁ ge:lj?i&?edi c{i'éri)lﬂga%ms.aplgnaggn be made

taller than it is wde and vice-versa. Transducers cordance with the
invention can be mageetinapdakeys,and patidulasysangteyendedhepafifaretidns t msé wgquer ossover

to woofers, and c Af ) . 12/ (11 3922

PCT/ USU2/ 01757 a ﬁ‘.ﬂ‘é'ﬁ‘?%e?3’&52%@%%&%%&@%5%%‘#&0‘2%% B ESI®EE i gured as

t weet er sland as ul t r asWithcomerntidnel Harenabpnatg syrakeasnat inéreass magneapr oduct i on.
QO her features an? advcftnta es. 0 i nventio nt with

n erive cr];: st h%h u \é\@rlnl be . appa

reference to the FOIPow ng deraried e per @'ﬁ, i §H’eﬂrq0@885§8f"aﬁﬁtﬁ t he

appended 5 dr awi ngsthe inagretioftrushircfartherexaiesbates thy prabyenodf magasi force@nd not by

way of [imtati ON; hterference with calibrated film tension. Per the foregoing, this is true
particularly over time. These and other problems are known to many

20 practitioners in the art. Another example of a prior art single-sided planar-
magnetic device, which further illustrates some of these issues, is set forth in U.S.
Patent No. 3,919,499 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-ended 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.



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a cross-sectional fragnentary
vi ew of an exenplary prior pushpull planar-magnetic transducer with a

doubl e- ended2zmagneti c structure; 10 FIG 2 is a cross-secthcghdlyf{agnentary
view of an exenplary prior art single-ended planar-magnetic transducer;

FIG 3 is a partially fragnmentary cross-sectional view of another prior art
si ngl e-ended pl anar-nmagnetic transducer; FIG 4 is a cross-sectional view

of an exenplary sing! CoRiRMyRlaNMaridn By FRIR B frabdRAGY Nl haBfgiR" dance

wi th principles of the invention; ' 0 vi ew of an exenpl ary

pl anar - magnet i c t PREAKS trebpologiesadreastydhare diffiguith with ihecrigibad sspeét of Hisphragent i on,
a coil pattern iswiipmhs fAEHed S : r.thap that associated with
.t he di aphragm has ﬁtnolt béeen _i %c{aﬂ%&éé #bg]?%gftélglé%ga% aﬁirﬁg‘éeea g elrtl)rH?aIZO FIG 6
is a front view ofiapiHagsx pesitiomrapd ension, bat thatithia nerdignemtion Rl be hairsaigeds r ont
view of an enbodi gript...Q | L1 C interposed with a structure
.size typical of a p_rP%rsf%ﬁl{ggélg%}l:&gghﬁg@?gﬁg&;%mngs’g‘fnsioﬂzor%eﬁh@déﬁgﬁséﬁf’%%i stics;
FIG 8 is a dB vsduringalyuamic yibpitioh ofthe diaghmgm sallgrfaylivheah defompaipps@ing of 25

frequency respon <efficienc f. vice in accordance with the
vt on and o peoaRRull iR 3Rk S ol Phee LRy ah

enbodi nent of thfasmh]\?tawtdrqrasthléyﬁiecﬂ:ﬁmndtt)ly(\jmrlﬁjig)me]{f@ﬁ%&Ja@ggmmag,gfvi':f% .

incorporating nmultinple uni 0 e enbodi nent of the invention o ;

30 FI% | Ob igs a ?"rsgﬁf"“‘ééﬁ‘iav‘r?@’wt‘g?msskiﬂ@% gweh; thet e sipphragmdensionandp e units

of the elbodi mentmagnet-ediaphvhi distince tatBenfl®incéd. @vel d rdlativalG SR SoriGHt | onal

vi ew of an enbodi me.né gf, tglg i n?\{enti on W th inter-nmagnet bfaces otner

confi gurations ofPYREHIAELAYS [FaiHY uakaliate thesliaphrage tensionepd dessasdetiti ng t o

the alternatives gdfonRaricelofth&spehilir. k3nly WO Q24 %8@%&5&%6 MRkt F1 G 12
[

is a front face view of the enbodi ment of FIG lustrating I nter-nmagnet
braces, alter nat S EHEBRLHIE theperiempanssrfa thin-fdmplanpemagnets loudspeaker f r ont

face view of anotdigde tﬁﬁ?%ieﬂﬁ@%lr&fdy%%tai Iﬂ‘fﬁé‘ﬁérf\%hﬂ}a&ﬁggﬁqq%%é Jagarf'[i(&%?re“t

i nter-nmagnet braces conprising a |atticework, ch 5 latticewo can be
i ndependent | y at tRidRER2grstisfragsducsers: exacerbetingtthq preblem durthediviteutelof bel ow t hat

shown in the figupgmeRAiRdSH mﬁﬂsw}\ ra@iﬁ% ﬂaicgg\%Qulm{ottaBSealr Elt(etl)'/ fewor k
shown, and accordingly not  visible in the figure;
function reliably as a substitution for conventional magnets which already
destabilize in the lower-energy magnetic fields used in single-ended planar-
magnetic loudspeakers in the current state of the art.

20 With current magnetic structure designs of single-ended planar-magnetic
loudspeakers 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; to 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



FIG 14 is a cross-sectional
invention illustrating magnet spacing,

vi ew of an exenplary enbodi nrent of the
a brace structure in one enbodi nent

bei ng | 0 wioammeigzoutline; FIG 15 is a perspective view pRaltdodh]-%7

fragnentary, partially crosssectional,
wi th additional

of an enbodi nent of the invention

exenplary | ateral support structures, and show ng different

alternative configurations for the |ateral support structures at di

portions of the d?r&%:lféﬁegy dng 3¢ 1R D1aRu ARG o BrpbRsel k] GRUPLLI Ol Tes of

bars with cross-bra
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fragmentary, partj
Jnvention, simlar

and a screen c ring e I nc

R R0PRREBR- AR ol e R BRI TER s, |

fferent

8rin one

e
at er al

support struct ur esou@déd 1Gthid Fablem. Fosatheethisceassi) sikersie anbalfal imprewadof an
enmbodi nrent of the,inventio ith d i ng . around a .peri ry of the,
.di aphr agré FIG 19MRWRe 3 ‘#ep%ﬁa@a@@g%a&f#&ww Pfﬂ’gﬁﬁfiﬁ‘?‘{}ﬁyﬁni‘ﬁ‘@%“ﬂc t he

device of FIG 17gealkeksGo Idweriditorticnichemati c cross-sectional view of

enbodi nent of the 25

magnet

an
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A %@%%“2‘“%@“%:?'& a?%‘%&ﬁ@f‘@i‘#‘é“ﬂﬁﬁ?ﬂ"ﬁf‘ﬁ%ﬁ&‘?f% P &SBucer is

vari ation of the

i ncorporated in tdveusitouphileel oAcardimle thers R Gueatts: b dapEagtesndutifie
di aphr agyy of which i s{nﬁhar. ed i.n one enbodi nent and inB@not her i s separate

and is pOsitioned 8if°

waiqrowith gregier thegmal and dimensiopal sighility to gRingaig wn

fromthe

front in the figuseperddmsionFl G 26 is a schematic cross-sectional view of an
enbodi ment of the invention iIIustfrati nlgq ga net spaci,nq t o enhance | ocal
magnetic | oops more t HAMBIKAeE iR feitar Pr‘g’é‘h dedl optinglgrgndeteesigns pp

DESCRI PTI ON 20

25

30

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.
SUMMARY OF THE INVENTION

The invention provides A single-ended planar-magnetic transducer

comprising a vibratable diaphragm including an active region and a magnetic

9



25 30 For the purposes of pronoting an understanding of the principles of
the invention, reference wll now be made to the exenplary enbodi nents

i Il ustratea@ddeidre drawi ngs, and specific | anguage wi || bediggd2007sdescri be
the sane. It will neverthel ess be understood that no Iimtation of the
scope of the invention is thereby intended. Wth reference to FIG 4, in
one enbodi nent a single-ended, fringe-field planar-magnetic transducer |00,
conprising at |ea f L b Lr st side
surface side 22 aﬁgugﬁ}ge&ccgfggl salttjlre ég{erpe'rsl?%&%%“g? ﬁ?ét}hgirglmgggr?{)a\rﬁih&s@sﬁ g]rlllkl;cti ve
regi on 25. The act® gashpthgt. ckhelyarigness Mianenﬁr@yofégrmrttﬁaoﬂmfegtﬁeuséi aphragm
whi ch substanti al | t i t put, and

t herefore incl udesdaﬁér%%]r %%ho {uﬁ d| ap ?%‘Sg)"% &étoatﬁ gﬁ&s no% &:dn nost

i nst ances, extend stroctak knd the dephrhgo & camﬁgurcﬁtothh@turtdxmtn@ymn ld>ttg tdgmes i ncl ude
a portioncof the d coil W|re hha &9 i ps attached.

[agm havi ng duc
‘I'n the il Pust r at ecf‘agprtfgo ‘f‘prg Fpgapa?eéweeflt ac %%lelnc ngtchre anétﬂt?es define a
c;)nduct i2\7/e fqu[ Lacehahang& c@ndttdtte mhaapdd]rb@rgmsductim:cragm msthew?/eenda baytddsonducti ve
strips 0 e co onfiqured for, convertjn [
ol ecbri cal 14 uerbEBade {Ppenit fBORpEhe Sk ihin s b Feasst B ng
acoustic output i rtomanﬁﬁxfpht €lectidal Sigral ﬂm&l&irteﬁpo‘ilﬂﬁlg@édﬁ’sﬁ: GfputOTRY | Si ng a
multiplicity of magnet strips, or a m,l|tI§|ICIt of v% of discrete
magnets. The por t iTSHNH1E YPROTLSAHEEA BTIED ﬁsfr%"t‘brﬁnﬂ‘é(ﬂo‘t cohand fipor t
structurgop30 as Welidph@gmardRbpdriveRTcotipBsedianPbinfigited t @feRitd ashRgROrtion 5
whi ch is bonded to the support structure do not substantially contrlbute to
acoustic output, &8 qdwarae%gr@tsﬁgtqs@r%taan%@lsq,ﬁeﬁ@tfbﬁepvnt%rswme and can
only vibrate at cefd@® shbiffd ICdigHhraghOh a8RIFRAMAIdhRSSSnYRIEVepSONance of
t he support structure is possible. Accordingly, these portions of the
di aphr agm cont r i bigkendedperieds Ofﬂsea‘#ﬁﬁpltet‘lfc‘a&?&%?ﬁ dyraiquepnditinnsgp gispensy tuse,
and may even work pi &gy @thesfdhemgqleeﬁ@m o BHRRI AR A, Bnd d8GYENC €5
For conveni ence we define such tions of the diaphragmto De outside the
active aléa, and tthedugh- mr&yllmggetwrfp@hs idtsrasting batwesn;sgid lay leaso fhrgei iiagnets to  a
desired acoustic ctive area. The nounting support
structure 30 is ceﬁgépggwtngo"?ﬁneﬂdlﬁ)g&ﬂsrtgg%egl to capture the diaphragmat its
out er periphery, hold iInaﬂqﬁleaaweedtet:mvnmtwe@rcstuteseptaharilﬁagnemransducand space
i acent one of | IRaTGtIIEH Seg e B BT e PR B T o
surface side 22 ofand mecchbnd sm‘rtﬁcbeeqmr mgtwﬂﬁgana'dterepﬁgumesald mnse agiongxcltelugl s for

t he di aphragm are det e desi onant frequency
for the duice as SEoUEIE RS AO TR R SO LB O B eI 1 ¢ he

di aphragmis set fcorresaﬁhdtxtgaicomsasomam arfdg eqragmystmcttherncmpmg aﬂs&emﬁiey or set
tighter toasllgh erf ency to .allow.the di r 0 settle
into the desired feoé‘éﬂ%dnrg%r‘ﬁﬁé’ af%]u 13‘8@%584‘?1‘ []yrpé‘f%l%fﬂgea PHHMTE when
put under tension saidthagheybeiadihighGnerigfsdash tetvutgraa efk@ gy ﬁt@dudt@ﬁg}ékﬂé}tthan
frequency. The ma getlc struycture ngS‘i té%gll ri.ses at ast three
rows of 25 el ongatée MfgYHALsS Ocpyiadp whigh r [ WPt?enW‘teHé if5e9hr e havi ng
five rowgsof el ongmisRéls. mﬁn@hﬁiu%au&mrwﬂm@ﬁ@mmtﬁ@s Brt Bindafélcagieacent
and substantially parallel to each other. In this enboé)l ment the nagnets

are of relatively t‘i’tf*‘@ﬁ‘aé'r‘f‘é‘f;@?“%r? h“detﬁ‘éﬂ‘al’f%[%‘ﬁdo Saptuh e gNpB@g®; ang beld gr eat er
than 25 nmega- GaussGRh pieaeternlinddlate melsmsswhe 1&@%@&@% sEREPASI didie Of the
hi gh-energy magnets 30 incl udes neodym um Wlt% e enerqy density of the
neodym um bei ng atffOFTetéét“an?“ﬁwcn’mJ aspfoue of he sutace sides Ogr‘}@aila}!’hragﬁcl udes

el ongat e conduct i vig B2 CurhtRRicd oMb R it dforgliedoRfHolelilns
~configuration with's fongate magnet rows. For conveni ence reference
will be Aflde to elmgmtwbbtamglnewaléﬁimélsajdgme@s 1The mopnting supp@C3922

PCT/ US02/ 017s7 ma rstood t hat
.these can be for %g@&?rt%}t@tﬁeggg Hﬁ%ﬁ% t)ébfmétma,gh%i\rédsghcsngg aggq%f di screte
magnet s arranged idirphngs) lmngactcedinartcﬂ/\conﬁoeltlmisraydmrctoommt\/hle cmd'rgdwdtand'e pat hs
and magnets needs (0. .be. suffi I nabl e
efficient inter actP°8H°"8f‘ " hESS g% ¥pa%§l i fa ?nﬁ{ntp gr“f:hg%mdé\)e‘#‘e ped’ Bl§ t he
magnets and nagnetsuppottlsehduréeﬁamhsesdlm,tedtphmda iy static r:cmﬁ'ngutfahmwtng in the
conductive pat hways thereby generating the required forces to drive the

di aphragm to produce the desired audi o output. The nounting support
structure 30, the diaphragm 21 and the five rows of elongated nmagnets of

t he magnetic structure 35 are cooperatiovely configured and 10 positioned in
a spaced-apart relationship, wherein (i) the nounting support structure 30
stabilizes the magnetic structure and (ii) the high energy nmagnetic forces
|nteract between the rows of rragnets S0 as to not interfere with the

N T .y . - o~ A I - S o



(sone portions of the diaphragm being not used to carry conductors), better
20 efficiency is obtained in terns of audi o output per cost of manufacture
in a singiver@pgeddevice. It will be appreciated that the ]Qqugog/y{ﬁyl on
(conposition/ energy density, shape, and size) of the magnets nust 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, Spraced, bloyRlablo 160 RGN SnS AU P GrPRRER W L
bal anced, coordi nat egl éjteﬂsrgékg ma[{ecahe as? wi | r}g dllnscussecfpﬁner egfet%gr

ei ther case, the pxtam@dmnmocisbf pseedespitecheetreanee erdynmwmam;magmwgn@dme so as
to maxim ze the cou 0 netic
structure. This magngéeltﬁ }%%ng rfz)exg?:‘c’odcnV Slrleg |on ﬁ{j} P@Upgﬁwe%ﬁgdered in
determ ning the cbrghlegergamagretlofortdsmtm:mg|bntg/esnt ﬁlﬂsdldlaldgaast threemsagnes 30 t hat
there is sufficient stre resi ne 0 resist.and counter the
repul si ve§or attr BPPV@te Févétgragefte[fsﬁoél fiie émgg’agréis aid plhay W@g'g’g? ected
spaci ng of the nagﬁﬁdﬁcer béihgbpeyabld &3a sthighpidabmanedietd. guration with its
attached conducti ve coj eIe s, shoul d h ve the reqw red ro ertles of

di mensi onal stabili ty, ﬁ?‘?{ly eaape&b&?é"g F B Bt R cAR

conbi nati on form agpdyheurphyisd Kigh erstdyusdgréte cafhaldigh diergy of\@ lké%( 3&8@2

PCT/ US02/ 01757 trans These conponents are therefore cooperatively
confi gured and poérr%geﬁedn%fﬁ awlﬁdéae&btﬂﬁﬁlﬁ@aa%amneﬁaﬁ N.and firtishi p

whi ch isjgel ect edcétpaH’eﬁ%b'&ﬁmﬁﬁ?nﬁ&%hﬂcﬁﬂo%%&uﬁﬁE'p@ﬂllfh@ o?'dﬂz'a@tx%&m per
manuf acturing cost characteristic of the transducer npl ement i ng

correl ated mat er i dhgcenducten e ke inspraprated i the diephragm a@%esqqaaﬁgewéqdws abl e
to maintain a '0”91etc§a[p'i{}a§h1 Naila@hR]lvest ability necessary to provide a
conpetitive product with dynanm c and electrostatic speaker systens, while
operating as a single- b\r?d@uhqrmmedﬁﬁeleﬁ aspeet thegtsanpduser chp Qeraprisy an lderi nvent or s
that in singl e endegsdl RARNHTRARE L) SAREKE AT i e étuﬁu&ﬁr@%g@mﬂtew on
is a very inportant pararret er 0"tension shoul d°b

mai nt ai nédl, at a glsb stabibizk wammtmGSUMﬂmgﬁe%@mﬂeadedrbmdeheand

| ong-term reI i abi (amounts of
change (change eqhﬂa%’y%{er?g r&&gr%rt'ooa%ﬂfﬁﬂﬁ)%cgﬂgggép&xtg %@ngﬁfﬁ{}%tefﬂ?é{;l me of the
devi ce can signi fbnaamtdn;pomlpasege cpmiuttiverpatare|, asd em comptites odustiveof maki ng

t he devi ce unusabl e been.a very difficult e

overcone, both i n“{“éPﬁ@’%} S ml‘ﬁ If’?%lf: lc egb Az;(%nnﬁerﬁoustrtﬁetal annatcanggr%&ﬁ ((;)Tfs t ensi on
evenly over the dcegper.agm surface (see for exarrpl e, U S. Patent 4,803, 733)
and, maiptaining it ov erlo s. .Conce Athe latter problem
with strohg attracti onﬁ‘tfé’f’ 'Rt ﬁgﬁ‘ﬁiﬁdfsﬁ’ﬁ‘itﬂ‘r'w& "‘ﬁﬁ‘&ﬁﬁ’gf‘f}gg‘ft}”ﬁe@ttt'f?es t here
is a tendency oveadjhécitmhghedehobapthe tsammehilfmg/lcﬁlﬁémwt‘mem afjackm | essen
di aphragm tension in the 20 direct Lon .o act on. o .. Tension
ol Tbr att on pr obl SHENarTEPPCaETR oF Berr Bbe s She e e R
attracting adj aceptagh@¥\sr Qfméﬁ&ﬁié%&ﬁve&xﬁ&ﬂitdhelfulaﬂdltlﬂ&;ﬁ‘eﬁhé})bfﬂi@[ﬁﬁghag TRgNet s
of like polarity rep uIS|n%§each other, in either case over ti changi ng

the shape of the MIERR' 57 NaYS & EANSYSEE o& GRORS Serfipnakshars wiiereia thy ith i@t Thi s

| ong-terpytensionGiangraPs@kd Riphbas been further exacerbated by 25

di rensional stability [imtations of prior thin-filmdi aphragms Such
instability has been f%@“’t‘%“ﬁ’éﬁ@)‘iﬁ%‘%?ﬁ’ﬁ?%‘i‘%ﬁ%? the magnsiheA baveedpt i ng t o

utilize very hi gh+@pef @MuATPIARK Sr met&sﬁhﬁl%gsmamat&my @ru%erﬁag%né to 40

times greater than those previously enp }/ in prior 'single-ende

pl anar - magneti c t strsHecEie gaoheivgen the if?@ﬁ@ thEFﬂBEW%ﬁthﬁ%ﬂ%@ﬁ@rcgyb?ngnet s in
prior art structugsditd R i?fe GbASSH o SAAGI o BRBRE Bldrfy | IANESBorfuCh

hi gher field strengt S avail l'e for use ut also greater ‘ris

" def or mat Bon of th@lcwntamfuhte}lag‘ne&lca&wamwle by materials creep over time. It
al so can give rise to high I n
~encounter long-term i &%8?1 %?etd% %%téltth&rdgb%ﬁgggggy&%}@g%rsf gpgratﬁ

t ensi oni ng cal i br 460 sqacfinthhs andwam-bhmiam pllamban itis apderand ivicdiverss.o def or nat i on
of the Transducers in accordance with the invention can be made having a low

frequency range facilitating crossover to woofers, and can be configured to have
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17 WO 02/ 0(3922 PCT/ US02/ 01757 supporting structure giving rise to
general i zed sl ackening of the diaphragm and also it is possible to have

| ocal i zedweahmsiai i on outside the el astic range adjacent tpag a@ngiesors due
to such conductor heating, which can also | ower diaphragmtension overall,
or give rise to undesirable audio artifacts. The follow ng consi derations
shoul d be taken into account, and a bal ance found in single-ended
transducer desi gnaihighdqénd Rmge Wabling themitnbesdhtigited 4 tvestagngd isc fiel d
interaction betweep the fields aaner at ed .bg/ t he di aphragm coils and the
fiel ds generated BE’%%W&W@F? 188 PHARCIRGSoygd repppdupticdepends on magnet

size, strength and theotRgRelres RACAVERaERS of the inves @Al Wil BE abdapRswi@nd
.materials) of 10 the nmounti n(g support structure 30; and, (iii) dinmensional
?]_t aﬁi lity of di gp _%faffﬁeﬂ“\ﬁgﬁ F?“?‘%‘Eftqﬂgd Qesgf*%mga%wo?@aw&b‘zlftapngfcd;g very
Igh energy neody draWinddBehaes Sy t GREFD val u
-beyond 50 n0), car?_ be bal ancelg ht% gchi eX/egsggfhi g‘ﬁb%’erégmnc sfpeaker whi ch
i s capabl e of susilalilt?ﬁor'?g long-termstability. Wthout these bal anced
rel ationships, the confi gurgdicbeicrRIPTRING ﬁg“ﬁﬁwscesfwoul d, |hn thhe
short term and even nore cerra‘rr%—r‘n—‘r m—tgﬂ‘}%ﬁierm—rm rnterfere wth the
predet ermned tensi on 6. i v dbmphetigah fragmenatysiewol aisxetpleyeribapahc ed
el ati onshi ps so BAFPAK aeRicRh oy BuBh RO el T o "o ne same
time, notOgreatly incridfise isa wes-sastonadmghesthry vidw efwgteRerhplarytphier flevi ce as a
porti ons, spaced. Py FRaRapdRtRedtic B " P00 o/ *Net G aphragm
di spl acenent per si gnafIGs8 issengpttially frafmentiderssasseticms Vieafof mw‘raﬁ?dlahg, t han
can be obtained by gnly increasing.the net field strength. It w e
apparent that V\ha%/m@%'eé%e(g@ PiRARI S ansAUCER oo ¢ ef fi ci ency | ncrease, i.e.
nor e us_ab! e audi o out [I[IG.ﬂ(Ds_ra @rm-ssaﬁﬁalmof%ﬁ e%mﬂ&@@fngﬁtéﬂﬂ&}plyﬂakhom
conpr omi lsjg ng long-termstahility by a | artge A nclr easﬂ? in forces between
magnets bei ng tr alégweHs Eap bcefl’i‘eac‘_é‘ﬁff"ﬁ'ﬁ?t‘" PHRMER _E?rféf. TRENEPf i cul ty of the
ongoi ng probl em of st aiGl 5 7 dfeonk Bie® df AR Stchidry PlaARhAdMttBNsiued ipar anet er,
along with rel ated pairlamat,ers, of pl angr- gagnetl _(i:l devices V\III tg cl oser
spacing of | ow en®CEfaragHbRsingiplseal e inyegne Wilpasen ageaprlgodend ect i ve
O B o e i S S R S L
pl anar - magneti c transducers, even tho .
avai l abl e for ove‘fla‘F‘YGfVéW@_.UOIAs nmentioned, this is perhaps due at least in
ragnet 5, “devel opi ng. an o Ianl S o perPar paRat Bkdlen o hese |
magnet s. The 18p \%\D 030311 s3dmmt Few/of@oombniiradnt pfithe fitventintshwven sur pr i si ngl'y
Spaci g gaps het vaok haona £ AR bR e e Rl HREOEHE] St erc
ref erenced above, sameghtregesstifecti ve utilization of the high energy nagnetic
fields within a stabl gg0pf

sianﬁr At }rgcﬂiency plot providing a graphical comparison of
25 frequency response and efficiency of a device in accordance with the invention
and a prior art device;
FIG. 9 is a front face view of an embodiment of the invention;
FIG. 10a is a front face view of a device incorporating multiple units of
the embodiment of the invention of FIG. 9;
30 FIG. 10b is a front face view of a device incorporating multiple units of
the embodiment of the invention of FIG. 9;
FIG. 11 is a cross-sectional view of an embodiment of the invention with
inter-magnet braces other configurations of the braces being shown in outline and

corresponding to the alternatives shown in FIG. 12;
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FIG 4 shows an enbodi nent having five el ongated rows of magnets. This
basi ¢ transducer architecture of the enbodi nent could be operated wth one
or two rowy @ficsmenets, but it has been found that it achigqess)phphaer
performance with at |east three rows of nmagnets 35a, 35b, and 35c. It is
found that by using odd nunbers of rows of magnets the conductive areas or
regions 26 can be 10 forned to operate nore efficiently. Therefore, three,
five, and seven or nor 8l@dd inafrbatee ofew dMiEe @itRd4SAEf FIGI 51 illSstAting €aSt i n
part due to the fact that in a configuraj.ion where polarity of the nagnets
is oriented perperdF'cUfEFt Rracesf e‘HFthWL 3 peiag showy in ol arity is
reversed between adj acBIU. IPRJNLEE fack RR oF ah@h&rRU Dol ofSInRGMsed for the
.support structure . giving rise to a flux return path 1 S through the

mount i ng st ruct ur #°OMAYEAIRg ditfsrenbinfer-magngt hraces rorpEsind P tttisgwpiky whish ng

pol arity and Usi ngudeweslckan ¥ehRkp@ledhARRHE B iRk b AP hAUGAN O] .
.conductive el enments whi ch does not crdoss over itse IS enable and’ permts

both term nal end®eley that shayay injthftaurs, pndcthesundpmenth mid hiddentbyshesi npl i f yi ng
manuf act ure of t hegugQl / { r.. 20 The present
Pt Rivb iR G BN %&grm@ visite ﬁQ?eZ@{eng

invention can also be viewed as a ne “for main a set of
parameters wthin a rahle bis agresspectioha vien ofes ekanplayemaodiowntaf the

si ngl eended pl anatz; [ Fond -Whi iLlizes a thin-fil m.di aphragm
21 with a first Stgrlrvggtg?gqg‘lis e % ﬁg&g&gg}%ﬁ Césj%}r {é‘éee"‘s".“asm ?@ﬂﬁg}e‘f‘%cl udes
a conductPve regi shpwaGn oftiiae;di aphragm i s positioned and spaced from a
magnetic structure 35 Lpael udi ng hi gh ener magnets, at ] east 35a, 35b
and 35c, of greater théln%' ig%r?%,mpgcrné’?g’r%b?%"%%’é%&‘?“@‘ﬁa??%ym' and in one
errt)(r)]dijrrent are c?_aq;ttisxeﬂi offhin embxdijam}nnnfmghgexlnmaﬂmiaﬁﬂﬁioﬁmieﬂ%n@}ildggmtét?% thi?]

met hod conprise (i) a.proper s in et ween the magnets a throug

35e, (ii) a magnetg‘}plp 8“3% %?Saﬁlﬁﬁsg'ﬁgg’ig%&f%?t%“ﬁ F‘?rglféb‘ia%‘érfordhﬁlﬁfeﬁﬁ

di aphragm 21 t enskuppon atruceses a3Qiffekent poetidiRdf o GbuEE S e 188 baERT a0f: )

cooperatiyvely con uri a.support structure 30 and positioning the
p ?g/ y

[ n
hi gh- energy magne[ag S‘F’off(%’éwﬁﬁﬁ FSOVIEh G torRelesnd; gscrsen poycane hipkoan be
rel ati onshi p wher gichdédia ot PRBIdImE iUGbWA &1 RMlides NOt stressed in
antici pated use of th g,'p(@ker to a point where it undergoes a pernanent
def or mati on, wherein tHE 19! 3 PRpEPaciys, partially, Bagneentans paniallyl arosweetiopplor t

structure stabili e of eelBRENBE: 6f Bb (NETHON SsiARardd habFHFH! [ £Bhd Wil €51 St's
hi gh energy nagnetic forces interacting between the high energy magnets so

as not to per nanefiother gremplary laigel sepper SuMcaBr agm 20 tension; and b)

attachi ngy the di aphragp@li74 Q alsBEnHPPREL seSldndCHitl §f %Oemo%l}?e%t‘&ée di aphr agm
2l being placed in the sel ected di aphragmtension. An exenplary enbodi nent
in accordance wi t #ventign with damping gewynd Tpaiphergfithe diphmpinal :  Kal adexTM PEN or

pol yet hyl enenapht hal atggf {198 2 B I QNG . ICk o d 6. 75"
|l ong 10 Conduct or adhesi ve: ?:ross i%é%yg%%%{ne hgﬁ%%gélgrd(%%en(gft@ y 5

m crons thick Coh?_#ﬂctor: a relatively soft alum numalloy foil layer 17
et uate the di aphr agm ta o sdaasrian: Golt sl ifPeRE dbe it Cal *si gnal
i nput 1523 Al uni nuinvensiag with irsdecipaintagnen gaps fpramaghétSwitB @istance 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;
30 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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- Resistance of conductive path = 3.6 ohns CP Myen pol yvi nyl et hel ene

danpi ng conpound applied (Per FIG 17) Four turns per gap Conductor w dth
= 0. 060" v o2fpsee between conductors in each pair = 0.02GcMueRhi7RY
support structure: 16 gauge cold rolled steel D nensions: 3" by 8 0.060
felt danping on backside of magnet structure Munting structure to film
adhesi ve - 80 cps cyanoacrylate 25 Magnet to di aphragmgap (31) = 0.028" '
Magnet to magnet spaci RE3.¢aps § Sdphical plof Fleld\igmeth st the ddptesgny m Bkhaednent :
catal yzed anaer obig yl.] Five . rows qgf three. nets each 0.188" w de,
0.090 t hi ck, 2" |c§’§séa?‘%e%‘c ¢ S%“Pé%r%a&f‘%ém%% a?ﬂgwgggtem%‘r@éi““éf&a%e@aﬂ Neodym um
| ron Boron 40 negahdgalrmsgreds adetgisapPeadhoftena@r ar?,0 WO 02/ 0C3922

-PCT/ US02/ 01757 Resonapt. f.requency: ,200 - Hz. (adj ust abl e by di aphragm
tension) H gh fr equenggG‘@gﬁWra?ﬁﬁ‘fal glﬁt ?Jflglegsgre%ﬁ&&gl%@ﬁ% f"fqe'\l}}‘%/tv.tesz 83
volts > 92dB Wt h tiiaebeamamitRdinentd Ghe iByentibn, G¥hidhl il wthteatifisy MadhcfPREADE
-configuration in 5 an enbodinent simlar to the enbodi nent shown in the
previous figure, &PPangslocal lnops saaso be praates handheangalsharsd magnetio enargit | udes an
active region 25, as defG.ngek RGN Bace Vlew! R edillARN ad@YAMARM S oleNChES.  The
active region includes a cgonductive portion 26 configured for cooperation
with the magneti c *@PPqimeRtol thedptentiomn wsiiding adeynirsauenpitransducergadta highect r i cal
signal into a corfRgRARHIRALIReQUStic output. The 10 conductive portion
conprises a wire or trace conprising a conductive material, and is

i ncorpordfed in or attB&hadisavaripeondif fisteezignrSRIGt Patwhetein 4 Mgh-frequegeial | y
formthe active regi : VA j | i &al r a power
anplifier, is i npﬁ?hsﬁ?cegﬁl%oﬁ%r%&&‘z%ﬁan aglgt?w%’ée:e?glﬁ ‘beﬁ}?’; g%tsg%ggﬁeansducer
has an upper audi diaphaginiodwhichiisshared insura leinpodiemadd mpnathet is séphetetandbl e
range. An upper | idq L. I J Ut .bandw.dt h, eve r er .t han 20kHz
is obtained in solﬁoélﬁg%egioﬁg?]%ggjogg%g eglgn%gg?lﬁgé\%ltsonrsg%% ?rﬂ% t@%ﬁw ubttlﬂem)re.

Hi gh frequency bafigwedtnd, i s affected by the di aphragm si ze, diaphragm

novi ng s, -and the i ance, of the conducti.ve porti.on, of t di aphragm
One of tmri:é advant ages ]Sc])[?}]? %ésalsﬁb/eélﬁﬁtlf:gf?s%%ec Wﬁtwf‘ﬁtgpﬂ’e‘?ﬁb(f’g“‘b‘iné%‘ﬂﬁ%gm can be
real i zed with snuidventioaridhasrat?y rhagnetrspasing to gniiBSSlocab idglelis SoobBugtRACEe t han
prior art single ended devices, all of which can contribute to nore

ext ended hi gh f r edGoRE\ PEL BERLLIC BSBY her . and surprisingly, for

si ngl e-ended devices of this snall sDEFAILERDESGRIPTRON or mance extends down
to a |l ower audio frquﬁﬁc%ﬁ range sfuffi Cl entlr{drel ow ,enough, down to the 50 to
500 Hz range in many 3 pr‘r‘é‘ﬁ’g?,o PEmaag pruderstaading obthe princples oftheygof er |
whil e al 80 havi ngidvbRioabieferdnye vl MAY BeQhaledd the 8 amplrg BmBQURELPNIBSSMW e | evel s
across the bandw dth. . This unexpected inpraovenent in conbining smaller size
and conpati bility™ ?driaWﬂg@yraﬁgﬁ&ﬁ‘leﬁnﬁquS%@p bg wsed tRedregribgdhe semg. Bl es
conventional cr osseNRkel&s b¥Rkderstdd QR 88 fiRatith b e kapd 3F fhe iRvhddngguency

sound reproduction equipnent, which can greatly enhance the narketability
of the 30 pl anar - H&fRetNtedeheaker in accordance with the invention. Based

on the 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 instances, 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 illustrated embodiment strips are attached and themselves define
a conductive surface area 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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foregoing, and favorable cost of manufacturing, this opens new doors for
effective conpetition with conventional dynam c speaker systens. 21 WO

| 12/ 0( 392 0RA63de 12/ 01757 This unexpected conpatibility glrhR@yprgsent
invention with | ow frequency woofers, even when the invented device is mnmuch

smal l er than prior art single ended planar magnetic |oudspeakers, extends
to enmbodi ments i rsignblifto atcbarespotdingacoesic ontp2Sn kegpertivnwith a gyegnalice ar ea of

| ess than 100 square ingches, .even to I|e Ny s than
60 square inches SF‘H%@B@&P'@H“S&%*‘O‘BF'&%% 'tg%fbegg%t ?rgp % ﬁf%ﬁ}s@g}lw&&r#‘g{e ar ea,

t hese ?Fvi (r:]es Canftstrete nith &?I‘Tll}jedﬂ‘y‘ﬁbntofﬁﬂ&dt@bf’ agm\?tiazi*xsisbm}iedf,o][thleuency,h anfl100
typically have an operating fundapental .resonant .frequency .of |ess than

Hz with the abilitpPAGUYeREIOES Wet AS 2PITHYW ?’ﬁ@%ﬂ%ﬂ%@ﬁn} ‘?‘FHHCF‘Y% B s00 He
or |l ess. sl n transgygek Sodded AEHOEPPOE Srribiirfidd e sibdwwatiliysontribee 10 f undanent al
operating resonant frequency is approanﬁté&Ié%the |l gwend limt of useful

‘operating frequerfégustiaAgputods theyaargeapstEan PR HEE s 2O R such an

operating resonanfy,hiaaeRmn regiientRS Jor drampid Mdséiwh&aresbRanacsagupsdied in
surprisingly small sizes while still achieving unusually high %ffl ciencies
t‘i‘Fg‘? tribute

and sound pr essursubtaseds possiblep Acedingly pibesg poriops ofjthrygiaphigagucpn

pl anar - magnetic Iy ' £ TP SFBASHy S bt mbyiveh AADb arti] Ces

t hat have active lﬁﬁﬁgﬁ\rﬁg’gﬁ?%“gt hs "o mI _essg?,han 2.5 bihnches but with | engths
of 2 to UB i nchesacoustinontpuicé perppefreanencies f Bescopeanignsd vhdafins suchwattions

resonance fr equensy tgeis dri%lpgwfa{%r%l:toﬁa@@&%dg fhe hofelafea>R ths]g pJﬂ@nsm/lQ&h g&nergy, high

stability magnetic s can provi de higher efficiencies than the
prior art even wi donstideavedyredniribtaitectp adeginerd agaustec oultiviete ehyethirothel patiyR p%am f or m

ractor 15 altered (o bg ouLBR SrER Rl 00E0ERt e phil 91 48 | nches

(or nore) long the res y and | owes requency operation can
be reduced to weldaphed tvdibPitagiz avitsioner periphbryy lenidait mi awredaterminsdrgtalef in si ze

than a prior art single ended pl anar nmagneti.c | e ability
to reprobfuce as I@W“g" P?i%ﬁ’a%%&g?%ﬁiﬁef‘ I'?reer%?teﬁ%[ewdli ﬁ#%%??gﬁg%ﬂm %X%%{P@onl y be
snmal | er 25 but cagin@iussshajeerbradfahe sifhiadidency shddevin tledigufe, béing pfiisor art,
when built to these sizes are |imted to effjciencigs.that are:t | ow and
t heref ore have | i?ﬁ"faéf’ds“%&?rﬂf tttfrtlggg{ﬂpgragg\ér 'lgﬁri’é?ﬁef Fefli}‘.)mﬁ/le%elssfr(r)ﬁ er

devi ces, having aghpntfantlhe abkagRaddyaREddsivédiuhdighehabsdoantifredGensy) fatlee i nches

can still operate at a resonant frequency of substantially |ess than 30 400
Hz and maintai n vesvjcegdayhales andiths fi3phragaiys fenpipny “O@rtg?e ﬁf‘ 2gm 58 (@t put s

conpar edyd 0_pri or g IQQJanﬁt?ﬂ’ég@éﬁcﬁéiﬁa@ﬁxﬁp‘oﬂﬁ%&biy@r%&&i@ﬁt@ﬂt@ersl:‘lg}ﬁlfy higher same si ze
or larger. This small size device can even be optjm zed to have r esonant
frequency wel | befreaveaouo piovafig dr?ﬁhrﬁgfait%se\??r‘?toé‘&d{f“&@rffe@}‘%}ﬁ g the 22

WO 112/ 063922 Pcr{ifajﬁ(r% Qk?élng slightly when put under tension and then reaching stasis at

the desired resonant frequency.
The magnetic structure 35 typically comprises at least 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
running substantially in a parallel configuration with said elongated magnet rows.

For convenience reference will be made to elongated magnets and elongated



resonant frequency on higher frequencies up to and beyond audibility

wi thout requiring a separate tweeter. Even nore surprisingly, w de range

t ransducevoephesd2nent s of the invention can be nmade smal | eeTiRgA®st prior
art single-ended, high frequency 5 only (generally greater than 1500 Hz},
pl anar - magnetic tweeters (25b, FIG 6) having sizes of greater than 50in2 .

These invented demagresronfs iffeehangsablly, 8iit iewBRbcGRARerRBo RAIRLE hnBllteGlgvel Y as
an ext ended-range fte\i\/eeter while at the sanme time have the ability to work

ef fectively down 0 %{‘gEtSQ\/“FFaéﬁﬁ‘éﬁW’ Pl discrgte BEnetyampEsEin ant  has been
found that a planéonddRgRed] CThehRAMHACS thd EnBRGOE Qﬁﬁkca%dmagne sl&eﬁsot%%e _
enbodi ments of the invention can be nmade having an activ él aphragm regi on
with a total surfSdicielygollinesr asparalichie egalie efficientinferaetionwifithemagiétic
out produce the priiQd fidéds dsdeidiel Y dM;h artf thidnettAe rati.ng
resonant frequency as |ow asdi%oosze 0 +eg§%{ége@er¥€%ﬁ%gge§§@ ?J%‘ffi ci ency
‘per unit area andWishidlasfingintthecondicintpatlymays trerebylgenrating éhefrequitadrésital
resonant frequency.qitoAR; I i.son of an enbodi nent of the

i nvention conmpared to a pr @?E@r“ﬁ%f‘ﬁ%{ﬁg@‘%ﬁée&“g é)H{ééPt-' magneti ¢ | oudspeaker s
may be further instrudihewwuofing suppatistactueg®sthadtphpas 21 bhdthe Tak@wa of

hypot heti cal case in accordance with FIGS. 4_and 5 and

si zi ng if@ S0 as to g@%i@@%ﬁ%ﬁﬁ%@agﬂe% Sct%'&%f A7 GoRFaYaealewed fdess t han
20 squarl® i nches)posi@onrdrin g spackd-gpanti rélatidriakip 20hesdt@ (i) @6 mophtir@lsusdokt

si ngl e-ended devi %gml}é% t0 gl icants, a device wth a@di%{ohr agm and
frame having di menstons "o b%gﬂ? Basncg stpygiure and §11) the,high gRpregmagmsts anti al | y
as shown in FIG forcgsiaterddt etwRattbiowhof magl&o 498 roPindiBRWith then conpar ed
to transducers i n a F(E?E)jlrada(ﬂce W t{] the invention, such a prior device
required a separdté- iasiphotthe,diapsagm 2y This isdope gy vivoanespte o 25

extend the syst ernthé Rbeptédieisddre bf groviaing e cREERBAcNr Yhe (BRALEE drdi
manuf actgri ng Cozltighﬁ The efficienc o? the,sggeca\lg?rsei(lﬁ&t he I'—pltr(alde4a

enbodi méRt of th VeKgYdrrsrsticticld. W hays dimoyrsedathatfyymsing bigherieoergar t
device, and only mgaels aad iRfdabiNethd s fRNp 38 3S BBmake Adlficshge: This
is further illustrated by the gliaphﬁgf "gH Cic 8, mherg{a?]}léégérgg&gﬁ'g%bg

anpl i Ei ude cu_r;/ﬁ g&@?ﬁ*ﬁﬁz"t Egdﬁﬁﬂriﬂ}ﬁwg?dfg}@ﬁa@@ m?ﬁgﬁtrfd?c»i)t stal_:isgiuce{ in
accordance wi ncedbe e \MEd ed,prior ar
device {FIG 6) of nor e.thalrll f8 t?prresgt_he ggésa, egg%a(ﬁ O?lglﬁrt%r é‘f?f’ré‘e'fthe
frequency anpl it d¥Ecigrtionspf the Biaplirpgrd beingnetdewig cargOconfludtors)aletier dance wit h
FIGs. 42and 5 (aRgiasceROBRided FladiBSutahd rated by FIG 7, such a
device, with |ess, {Cha%}s 1/ 1 0_{ ﬁ t"ﬁ%ﬁéscotfi)a?/%éé}“glg ;égéo%?%fr%aé]u%gmr(eﬂﬁm for
conpari son i nsi déinglezgded dagice. IpwiiA8IRPreFiIaEA WSt the tnTigiliSdor (canposdda/ of t he
prior device) cap,h j S | e nd still have s tantially
the sanme frequency gég%glﬁgté g’tﬂg?{%e) gernelg %? mé‘%tr%’gic?l?s\‘ff%f%.to %ﬁf?ﬁg}?ermnts of
the invention caprdperspaanerquredioreee hdjp@nenaertie Ao apgesh thepRobléth que

speci fication of, f.esize. frequency ran nd magnet 35a to a

di aphragm 21 mgﬁ}é{??ég%vﬁg’rlfggép%?fp ) 19% ﬁgeéﬁg%ﬁgﬁfﬁ%ﬁﬁ ﬂ?@ﬁf{e"gwqu n FIG
4, can B& furt hemaghdtushbuldibedhisen itk bilaceill casrdavifed esis@do RalcR\s wpRbs i cul ar |y
for the invented s having total active _di aphragm areas of | ess
than 1 SO squar edl}s%@g%gg&%eersgn ?’g‘r;ﬁfﬁs%téheo%‘fcieﬁlgmé’lf ﬂ’ﬁ@gﬁ#’é@“ﬂ)ﬂé@e have been W
real i zabl e in prdaphragh is&lolnglsceaseﬂdﬁdiﬂﬁie&ﬁamag’fﬁgﬂ&tdpﬁn%j&\{h&(ﬂ@hrajggl e first
being: Fr < (Zoogxlldstﬁgare rt.oot (t)% Ai. wherein (Fr) equals the fundanental
operational resofant® PPEYUEATYFSE THEmagnehYpter confieymtion shepdialiobe equal s
the vibratabl e aresidefed il¢etdrinmiisgtie esnfiZh ARG GFARR hBurSifly §hRnrd) & 'GRure T i S

M

formul a (?efi nes the relationship of frequency 15 to area of the speaker.
Thi s explession [EUHEAduEfaRE stpnelhapd esiliencgieiresisicand eeuntasths repvlsiveaguency as
‘a function of themsdtee rbestohthehaanét Hot s < (1 1500/
square root of A)/G wherein (Fr )a%eq%g!giwt?ﬁg?]@ﬁ%%%%Pﬁ”g%gg%r{%#%et?'r equency
of the transducefnally: fhs diaphragmeaatigusytioaguithlits attdebed/¢opdetingtail cdenemtsof t he
transducer di aphgigpy i ; . s 1 magnet, t o

di aphragm gap neasur ecailoei %g'ﬁhﬁfdn@@g?@gﬁ%%%?gf?ﬂlg?’ {lﬁ% '&éﬁé’%\'&r

di aphragm | n t hfocoplste the steble pomgbipgftion freméngphd shybiaa swuadde bftho t he
limtation for displacenent of the diaphragm which affects efficiency and
| arge signal displacenent Iimts. 25 Athird formula contenpl ates an even
nore inpressive range of operation for a very small-area device: Fr < (
1000/ Square root of A)/G wherein (Fr) equals the fundanental resonant
frequency of the transducer in Hertzieand (A) equals the vibratable area of
t he transducer diaphragmin square 30 inches and (G equals the magnet to
di aphragm gap neasured in mllinmeters as



the center of the transducer diaphragm A fourth fornula expresses simlar
paraneters to those above but with the area being replaced sinply by the

wi dth or wghleghbs di mension (w) of height or width: 24 O kdspR922 Fr <
( 1000/W And a fifth fornmula further includes the nagnetic air gap. Fr <
(800/W/G PCT/US02/ 01757 wherein (Fr) equals the fundanental resonant
frequency of the sduc in Hert an qual s. t he (wi dt h)

di mensi on of the \‘ﬁ"ﬁs ﬁeabfées%ﬁoé%{’%fm”fg &gﬁaﬁ@éraﬂa% Wﬁ‘fi aﬂdl nches and
(G equal s the magostiont®arh @mreagmgapcemaﬁura@hdnmpwlchm&e@d@d t he
center of the tragﬁducer dj aphr a ﬁ) These formul as can realize a unique
practical single d ep‘feaﬁ%ilrm?fﬁg icfentaudi (O B dranu RCWRRS ERShent s, such as

shown in FIG 4, tRiraciiistdofdhelthnSduice tBY ipltaten ébn%ﬂ&tl'nﬂﬁertaﬂ%hdcan
si mul t aneousl y support magnets of greater than N30, preferably greater

than 34 m30 whi | ediRensignal Gonsurtion thatansducer gipkle to mamniasra lope-HE8net i ¢ ener gy
-and mai ntain di apbmgrbte@e@slﬁ nedARir tolpfoviddH &nﬁﬁﬂtn@eﬁ%cﬁ%?@ttﬁ GaHgh magnet
to magnet spacing that is at [east to 150 thousa hs of an 1 nch or at

| east one hal f of andydeciipgiptic S@rakernséfsfﬁms,twdéler@aqrr@tgsas apBiglkrendecboatisdusat. t hat
can be used for certaipLaRkd NSe irSAdED be to
conbi ne a nunber of the pl ana{r%-%n% netel o trrafr?za ucergsl's ?’g%&ggg%ﬁ?%ngt above and
as shown in FI G &peakad syatenemnthe tisplitagmtension is eramgertagpanhsrgailed | i ne
source I dspeake wn. |n FI G
10b 1o mike a wi dsPPEyRURY ko i aflockilld e B BR0RBR0"

series, par al l el pq:rfcamaxmerianmtamg-mnmo*éhdbhm t)ﬁ/tbat ré«&éprtabre@f:ﬁmmrmee t\OerFI Gs 11
and 12, in anot her p}@n(l)(gurngeor? han {e er stlr ge o rrentts J acilitate

obt ai ning the advan ayes ot g5y G Oté'rt’g1 PSOREE) DEF FSr mance
enhancenents whil hfeamerodthnge\t:mapsgmﬁomllyyhmgspu&smﬁlnq@r oleh @nthe pbiat ofcan

arise. Due to the_extragordinary intef- et forc srn 25 very high
energy magnets 355‘?&(@%&“1%%'86 %%ﬁﬁblesﬁlé‘r‘usq%g%g??v ‘?fﬁﬁw@% @ﬂ%"t ich, as
menti onetly furthesventoai ngh s terBtof iriti AR obamifethp pRpdadubtokaehnt he

i nt er - magnet attract on a repul sion f s from torting the main
support struct uree‘§8 "B Q’F&F‘Eﬁ"ésqrf%ﬁ%&te% ?rﬁgaw'rﬁ’fsh%ttnéﬁgt)%”éam bration
of the of the di aphmagiingitoved® pdod &E38irs. Oﬁ%nwnﬂﬁgthéﬂd'ttupprblﬁl@maaltﬁ Strong
positioned in abutting configuration between at Teast two and preferably

all, of the adjacHHEcIRNGEHMERPRERetTARPRATINABREIC stBgures figre3se tendBFK O¥REl ps t o

mitigate the ef feghe &f dofGHHNRL duppdihg aﬁrcru?@sofaet&@aer@@taarrtgzxﬂtényoﬁ Goyci ng the
predet er mi ned di stance between at |eas WO 02/ 0(3922

PCT/ US02#2M01757 endifgsiiomedgieaction af ghe magngisg i ﬁ’@ﬁé‘r“@&}bfﬁwﬁéﬁl@mt wnedse 46 not
deform the suppor, ﬁ&fa%n%fﬁha%tt@@grcésrh@tl:a%@yg édﬁc@ﬁtfrg\pgof\%ftggetrs tp%etmgrea%ﬁt

tensi on of the di aphragm nsi der one enbo i ment having abrace
structure 52a. | nalfhbysorpasing mpgnetstof like pelerity sepalsipggach ot in ietifier c4se oMeignet s

to hold themin puﬁ@@ha?xgﬂa uﬁ%@% ot il ﬁtoéltﬁggt'?@cttﬂrgs sgttt thafttt ﬁ%{t is hiter&n be

seen that holes 53a thr 2a can Dbe provi ow air and
sound waves to pass thT*mﬁghg-&m! tmh@nphmepmbleathals éepsltfuqﬂecrt:xaaérbgted by

2O 15 nORRAE M bl i fRRIPERL ) ABREDGE SHRGHIFRR . 25

seen in FIG 13a acrn er struc ni ng
positioning of hi l}ﬂsb@ﬂeﬂogw Mgrmatesmgﬁﬁcanﬂﬁb/omwdxeﬂsttenmng leutdizé sdry i ce
structure 10 that Q. Le v arces | e al so
bei ng very open t%lgﬁgraﬁ% e %{ICSWI{%‘ %eseono ac?)ruost%rt EQ{ %)r?ﬁeé' aﬁ' Thi s
type of structur ethomnrdndnslmtpbbyb@tnmemmgﬂy ehami pnm\gnmt@ecirs trigtwgeen each

adj acent pair of ace n four, .five or nore
r O{NS of n,ggn ets. nlﬁguratn onsnE% E)ymg%g% energy nets in pnor art étructures 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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Returning to the enbodi nent shown in FIGS. | 1 and 12, the spacer plate | 5
52a coul d be extended around the outer periphery of the outer two magnets
35b, 35c wbanheiv2 further rigidify the structure. Mreovepceridi@ypi7dt e can
be further extended at an outer periphery 52d on either side, to extend to,
and abut, side portions 30a, 30b of the substrate of the support structure
30. In this enmbodipeBking StAIChRE fiviRIRS topRHlerdiRd RaAEhHE Ur AU LR faghe outer
magnets 35c, 20 351[[;6.%_ Tlﬁ:gs _Icatt r gomf iog%r%ti on Srovﬁges ad%ﬂgﬂg%ﬂhﬂntd
rigidity, not onl ¢lsetispessibietmisve localined defomation putsids thdelaptisy rengsradjaddu, 30b
of the support stgue far r I il .

U- shaped- sect i oneg1 shlg%gtp{s dsd'? trtcgsgltc B?@d@%t@?ﬁa@ngzhn@g ic%lr&eﬁfg l’ltag’e]idéﬂ)shlr G the

.di aphragm 21 wi t htensien ongrally air giwd risgrio undesieabdd amdio afiifese f eat ures may al so be

t hought of as a way f hnt.ai ni ng 25 di caljbration far operation
of a si ng§ e- ended pl a(r)ﬂ; "[}ﬁ%’ﬁs% focnsg?rgﬁ%%ﬁ@‘gq% a%g]é‘ﬁ‘ IhPiarseyat and ‘ﬁ?ﬁlaﬁ’c?i | m
-di aphragm 21 w t hfoand i sidglesenidedeasdiaded@gnansbcardaeeavith thelink agien:gi)de 23 and
i ncludes a conductive region 26. The copductive region is positioned and
spaced from a nmagfagictc ggfiEfg?rﬁ?tlé’n]’ggt“ieﬁ’&ﬁ’ﬁﬁfh@g?ﬂe&ﬁ%é’ﬂé%@alﬁ’éaéﬁb‘f%lf at | east
35a, 35b and 35c, amifth@ficlad @heratta by e mdpticatatareal] yhigh eqlefds odQndghan 34
) pr oper Spaci nge St RN SRS SBclif FGRYRUSRE anq PR Ul 1o
i) proper spacing _ ' YRUGEY 20t MpleRtgnet to
di aphr agm spaci ngthd houattek support BuORES 30840 f;p&ﬁb&konhwa@iwpfcﬁé}mgnm! udes
the steps of: 26 WO 02/ 0G3922 PCT/ US02/ 01757 a) cooperatively configuring
a mounting suppor ¢! when psed ing tmsduger iacopagtivgithe whr high epeegyIsodysaiamt i oni ng
the high energy nRgnRisof@fealePMal ORI FGOToUWakidE Seyrd 50med)ahgbal | Y
spaced-apart relationship, and wherein the nounting support structure 30
stabi | i zes the mabpkacpdtogehignsatiigh pafosmance srsaker svhinhghcapalde gfsustaigingt i ¢
forces interacting,belweeBiitnewhhalh oA 83 Shi icnterfere
with the tension oqua di aplhl?}};gm 21; _ﬂ%%e%t tachi fr%g&tﬁﬁgég?eg%ﬁﬁ%%&oggft he
support bt ruct ur esipgle-pnded devdeespioulig in tht shoetdering ard eyeh moregrtainkyphthagm
tensi on; and, c) \CJ.N0; LNL.er . ure 52 in
abutting 10 rel at ?g%gér#bmtégelgnma&b%gﬁlggﬁér?%ag J%@gﬁ@g ﬁ%élﬁlrggré It will be
apparent that the fordgothagwertdssesabdanved rdlatiopshipsaderchiofeddyaelattingrihe whi ch
can be varied. Fo - .. maght be attache nd/.or aroqund all
the magnets near %‘reﬁ égq?%%g“%fr agtg’gl ,1ps{gr?g‘rsltt(f (ére?rsﬁgoncg(']zfgé%ﬁ@ Sgrgngg%st %"%hagd to
t[];a s'l[J.ppor: str upﬁnusam:e_timrenoligteatlgliir?ﬁdmsagmtiase(;ﬁ@rfgfidmeﬁlgtaﬂﬁ ﬂﬁ]dea'tcheﬂa with
attentiog), to registration hetween.the conducti ve areas . e traces or
M res) ol the weghURSTBRnRLA Rt PEE A ROREHT ek Fuf LB Brtenderistd t ha
whi | e t he conduct ipaeedtfir@teespa2ttoobtaihegrested neadigp Hiontishdemeigdr $ignal he si de
23 of the diaphragm21.0 site the netic structure 35, they could be
| ocated on the fig’ff’gztélﬁ‘}ggg’gSwﬁﬁosﬁﬁg’ﬁg‘iﬁge’?@”fﬁ@ ned oY ORBr eover, the
conductors can al merel¥ng the st fieldatrecthVi Ik WilDbd dpPardM tiht MBI iAGITdmpIBhe®NaMP! € by
form ng the diaphragmof. a plurality of Ia%/ers w th the goonducti ve traces
sandwi ched bet weeflt 870MY¢ ALRRGEINPTIEISEr [FoMte USRI E BHTHALRUP Y &r HheSBIF §9Sti n t he
coi | patigrn desi sfashniiakfird)withsut dbaplohBGHp lbASRIh stabifitydy AX2IRkRaRfint he
| atter, locally treatjng the dia h_ragmfilmso as to make I't conducti ve,
whil e | eavi ng ot h@FCCﬁ)B?tWF‘ES‘H%a&?_F‘S fas F’&Wé&%ﬁhﬁé‘wp%ﬁ%‘?-ve, a coil
pattern of 25 conductimg dﬁ’ﬁétﬁfy‘o@'the%@oiﬁ% foBlehES stabiizing BESinpEraRd met al
printing nethod can be used to deposit ﬁ.e conductive traces, as wll be
further di scusseddiprliags tepsipngparaspetery along wig) rlated parmsieesrd plaggignegnetic
| oudspeakers, it RR3geDERRCIBPSHERSIN vRbidflyiffnkl RRALY tegs of
rows of magnets pl acgd asc_cléog‘g“ ag possi bIFgé/ t%neag%%grtsher \%Aqu%:%h?gﬁ cause
undue andunts of e¢fteotivtapplidatienipfithe gmatetrrae@® nebdypiivmaageets tasoglstendedener gy
"traverses the nar X ~ xt ernal.
envi ronnment. The Iﬂgﬁrq{ g{\%g’rm'?g? ﬁégeggsg%é"? ﬁ%&gﬁgﬁ{@? Bﬁ’é{#gtehﬁs ‘r)reaear%?lg‘b%ehe
_greater the reson@novedfgearorAsmertiogid, thieiqpehaiselse stleshinpan tccause a peak in
outpUt 11 11 11 g PR EE BETE e b RSP Alp Rl il 01 T cueney
developing an unworkable interaction of forces between these magnets. The
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27 WO 02/ (1C3922 PCT/ US02/ 111757 Wth the novel use of very high energy
magnets as in the instant invention, this standard practice of closest
possi bl e gpaigs2 th singl e ended | oudspeakers can becongddoSiPlsy

probl ematic, not only acoustically, but also nechanically. First, the
inter-magnetic forces discussed previously becone so S significant that the
stability of the I peul.arly for long term
reliability, can @ég{ob?lggi%l{%in%?f%?ﬁééﬁ%&t%g\%tf%\?ecf)gtro a (r:%aﬁéti c out put
avai | abl e from t hdire¢iipe nf egakion afghe spimenggnpsibetiveed ek gldrgvathgh t he pri or

art small opening in FlG 3 e he magpet 5. 7.and 35.8 can
becone signifi cant% Oﬁgﬁg{nérthrfsmg?r,parﬁa%ferglr%?fge/%ﬁgnaé%‘fe’ El?f@(gf f/éercg%%‘ﬁﬁ'ﬁﬁté’"i sues,
-but even to the 1Ghejoghdnely neguaticrfelds ovithin axeabld donfigurhtionsyst em out put . The
same is true for the sﬁ@lgtwe of FlI 2 vvithénar{now nd de sl ot 10.2
bet ween nBgnets 35.1 ahtt 35NS"3aebofmedEhavinede slongaed Py O BRRBS!St r om t he
‘attenpt at deeper Ti®asgt GadsticeParchifttthR-of feehbd@ivieiCouRiddd DpBdted G Dht C
tunnel i ng and resonant ties 10.2 a Turning now to FIG 14,

cav nd 10.3.. 1 S TL
It has been found°f RTOYE PHgagnstsybuhityas @ﬁ%?‘b’?d Habi aghieveshigher perfomance
singl e-ended pl anafithARRRR thr&e biva bEdlamess 3308 50,308 3 S acis Achnk G BREGES s at

di stances that would nmake the magnetic fields substanti al Iz@l neffective in
the prior systemsod&urphersqfgyysof magrets ths conductiveeargss of seivRN2GcanPal ue, and

reliabiligy of SinghisendemidnausiuRang ARk 1RZ RESR AR MOREIA! . 20

typically involving bringing the magnets closer together. | e novel

approach, the di stimbeas sFoyeeigaesd. Jhis|ivadeastipparsdee tatlee f3BIthadin & he adj acent
hi gh ener gy magnets,maatbhwRYgBomas of - j usandt hs of
an inch. Further perfor r;an.ce vg?ulzﬁgn é?@?#ﬁﬁlﬁhl?@&g@e&%ﬁiﬁgﬁ%é@%ﬁthe

spaci ng of at | eadiapkragm eeilsnandghopolarieisaeiesseed hetwhénpdjageré nggnatagnes s i s at

| east ninety thou I ndths of an inch or
nore apart. Anot hZ?B\?v%@%ttag‘fa\r}i%gblvgepﬁgr %ép%uﬁ)ﬁ%%s sgté%%]ﬁgﬁg gge earffealX rr]&‘é?l K %e%‘ast t wo
of the ad§ acent hihgbngbermggunting stetcsirs rreasiog Shbiehav Fuchammore bglireversiigons and
t he predeterm ned_di bet n em.i s at | east one half the w dth of
one of the magnet ggh%g%?%gs%%agvn@? 8u}élﬁeré)\§gﬁg'berse%(f°zlrco Puﬂ%mf’r‘?[r?oé'pﬁ‘g“%f nmagnet
to di aphragm 30 atlementatvhioh doesinpt @dss@anérdgadisenittdedernp pachits boths@atiang t o at

| east seventy or ong hundred percent of. the width of the at |east ope of
the two adj acent ﬁ%ﬁrﬁoet’]esPOSff’ﬂf’%e'BF%E%‘?IP’?@“%&H“SbSém@ Vﬁ“?&ﬁ“‘b‘gfmr\ﬁn"? ﬁ’etcﬂ’é

spaci ng between ahid @sinugaciudd éflthspeiket.he magnets, or to have variations of
greater Z(Fa(:i ng betweeﬂlfeach pair. It h sbal so been found that the depth of
the magn€ts is optim zetf PAEHATEBLOLLAR 8l P¢ HEVeddse mahod fogynppiaipngzn 22

PCT/ US02/ (11757 asetbhgarshalérhiwitBind rhr@dRF accbpiatdé idlies W oleratid 6 aBGREL S are
nost econom cal Wne(g tple% are ap rgﬁli mately square in cross section, or are
| ess deep than wof4Y BB ﬂ’é@n&t‘cst%ﬁ gervgrhettilizenyq tains fidlmyinphisgm 2 pdth a
incremental strengfhsirfA6d 8&S2 M alsbRnd RGNS sidSHy MuaskiRis adstqngivaddi ti onal
depth is not justified b¥ t he additional expense of the additional magnet
material after abB@o"¢Re podiARhragmats PrHEosd phchspaerdcliom 4 magnest gcura 35 wil | be
appreci aged that mél'uﬁi_n?m%ﬁten@&?ﬁﬁg&%%t'l&@ﬁBS@fﬁbQﬁ@@f@H reflEShdn3l €, but the
magnets currently availabl e bécone too breakable at so poi nt and the
lower linit on depd? arefssthdy siatesthend4reaO) §nd i ang erbodimentere eoraposetoficer ns
rather than an ecQQ@bhfun. THelha@hvER ntshid 5V &R r 1. A0 .t
shoul d be noted that_mgnot het?tpgonstrai nt |Bsd ettﬁ%ﬁgﬁgugﬁge@ﬁ&?}%ns in the
gap for each magnéraciag p& betweengheimagnetséba theoughibelén) sspagnettg dapltaginder

magnets (relatively : [ : i - JCt rea (coil
returns) can be q%h%'fég\g/g:%ha;g?l)e&'%%?y%nﬁl@%heﬁgg%ﬁﬁr%ﬁge val ue can be
~enhanced3® hr ough t he dBevestsdandetes Bieapyafaches t o nagnet spacing partly

because a greater area,of the di.apbhr can be drive it h fewer magnets
conpared to the pri orad%rt. Cﬁoﬁeggg%?'ﬁ%%a%lpﬂ%résﬁre%cg\r/emotﬂ?g pf’%ﬁﬁ’i‘%hr agm
,area ratio can bethebigh-chargpmaphets dfohe aphetS stiubrere®Siing sgucéd aplit| € gener ati ng
even greater elect .acs(%ustﬁc.o t put f%\iéCi enci es, and re drive force
across the di aphr%‘?&%on LS eéeb‘b&ﬁrsgpptogs C“éfegﬁbgé%of oSy H’r%’é.‘&‘ﬁat?‘gustef?é 20

di stribution of nigogdhke tenpsitywhere it dRlelOYd SRrmandt dddrmaGai)Gaigtdimmt new
distribution of nmagnetic structure provides greater open area in the
cavities between the nmagnets, which is acoustically advantageous, reduces
i nter-magnet forces and keeps them from di sturbing the structure of the
transducer and tension of the diaphragm and provides better nagnet vol une
to di aphragm area usage, 19



25 for nore economcal, but at the same tine, smaller, higher-performance
devices. A practical guideline on spacing) is to provide about 1/2 or |ess
of the wawe @ngidz of the highest frequency sound wave to herarsuyeed by the
transducer. In practical terns, about I /4 inch or less is a useful spacing
di stance to avoid noticeable distortion for transducers reproducing
frequencies of 20kifpodQuEmQsRBliSEs thel M RROMALAHIBEHH S ohAERRSEQNRS of

adj acent magnets and/or adjacent conductors can mnimze effécts of
un-driven porti ondigFenelsy mugagsis forgeh INSAPEHG befrern thehighanergy magiats Joais e
portions of the diygpfn Lve ¢oil interacting
with the strong nagﬁgf?gﬁ?gggg@%%gﬁﬂmgy8#??3%%?g3§%b%%%§USOZ/417~7 I n
.conmparison with prior Hevi cétachinhibe dispiragm RV & the suppor SinpoupdQ withthe

i ndi vi duak traces/yu 2 r ween .nagnets to adj acent

t he edgesg of the fdygrélggrgfﬁtb%{éﬁﬁaﬁgérﬁag]gggefgﬁtg&&l%ﬁ%%%algfl Ustrated enmbodi ment
‘two turns per nagnet aAs ezemplayechbodimelt it Aeoniate@rwithittjGed sonjidesand a havi ng
one fewer 5 turn ?ﬂa%ﬁ%PPUter edges. This has been found to be an

advant ageous arrangéﬁe ‘fromthe standpoint of maxim zing coil turns in

hi gher intensity pordi Magriaf Kdelet™MEABRNoripdlyehyknarpiagilsenim FI G 20 shows a
possible pattern layout for conductive traces that could be enployed with
the enmbodi ment show i Rimgngiony A0 hicky 575" pgdabindS depgenbodi ment of t he

i nventi opgpwherein a Si = 0l - i er 10 an
additiong9 structure 3g9g$?§gﬁg%mﬁ%q?ﬁélg%un 3%8“%%%%@ ?£§?$§E$ﬂ?%§§o t hat

i ncl udes one or nore | #ickral support structures 36a and 36b whi ch proj ect
forward of the second » sj,de 23 aof the di m21l. As wth the
embodi nent s describga gg%%gﬁgfﬁgapﬁgﬁ? &8@ymfga@ﬁ@§@8gg%§rwpan§ if&r gy
magnet array form ng aconfigmed tcccosparate ivith eheIhagnktictiruttBre@@aydhagtthé 0 t he
nmount i ng support structure 30 D aphra 21 nounting, spacer portions 30a
and 30b space the di apﬁn‘r"%hé?ﬁn?ﬁé"?@gf ?%%@&a%l%tgr?‘gﬁﬂgleg@c SR M magnet i ¢
structures The di aphr agRiniifuni téndgetp paiin RQet FI@N 20my ei ther be separate,
attached structures as shown, or can be integrated into nounting support 20
structure 30. The |ateral supP&Y¥anss pirOpEHCEVS R BARSEMEd to and between t he
lateral extrenes of o hepsRiaeh ' | ure 30a,
30b that are outside of the Ig§£$§$&2§§§gﬁ%?3?Eg&ggﬁﬁégﬂggg%%ﬁk%g%%f

di aphragm 21. 1t cart aF@wtuespecBad o substrate portion of the structure 30,

i f any, which extends [ 0 «ne spacer portions. This serves to
coordi nate wth, ang sgg%@??FY@gyZQH?éansducer support structure to further
brace it2@gai nst the dgfaos batweenebideioroih enghgart= o2t tracti on forces acting
to try to reduce RQF g&gﬁeternined.ﬁgacin% %is@%nce 55 between the adjacent
magnets 35a, 35b, “eNBUfSNPPt siructiey 18 gavgergldirpledisteel ence with the integrity
of nmounting support «StDisgnsicss: 30bpBd consi stency in tensioning of the

di aphragm 21. 30 FIG 16 shows another, though simlar, structural approach
which is to attach & r9-86&fek dumpinsmen backyids efmeagadt strere mount i ng suppor t
structure 30. The rigi I £.].S i a curved plate
whi ch has open areas §g0§ﬁ§§grggggkgﬁg%g5§3% ?ﬁggiﬁegéﬁ&%ﬂfd substantial ly
cover th® second surf ddegrsi walifpiragh gdp &PNFANP821. Agai n, the nmagnetic
structure 35 is nnuntq& to }he al | 'V[)0§§§2ﬁ9$§;PCT/U8112/017S7 nmount i ng
support structure 38 angSth® PIELHSBAEEP & 3THe N se similar to that of

FIG 15 and thoseMdgs«y:i bed before. The covering structure 37 woul d of

course have acoustic transparency. Again, the curved structure is
configured to resist baMysivNgarhment raRlred agpesdicmenlite 30. .1t al so

protects the di aphr 3gmi{d Qs BRI AQNBAcR SRR wilS, 6.6904(@&1& 2%nf, qutpt ecti ve
cage. The rigid covering structure 37 can further be nmade frontTa ferrous

) 30 row being 6" long

- Nickel coated Neodymium Iron Boron 40 mega Gauss

Oersteds

Performance:

20



conposi tion which provides a degree of magnetic shielding. This shielding
can be very inportant particularly when using the transducer 100, with high
ener gy nmagpabogiohacture 35, close to magnetical ly sensiti perAgdhpiEnt, such
as a video 10 nonitor. It has al so been observed by the inventors that this
use of a ferrous cover can draw the magnetic field nore strongly into the

| f the diaph d id ' . B of  addi ti onal
Gt 11 i oncy 1 mor overmnt "R B SRR 20 BRIty W s epBER B | ot er

support structure 36 oHighlfieguaipbalidaidih: BIBC@> adisz be made to exhibit sone
shi el ding qualities, fgr exa formng it as a lattice work of steel

anp|
or other ferrous net%al ?“3’6‘&1‘3(‘.3'?%110?%?9&659% apart bands of a ferrous
-material. In another ewh@adiRAleto FIE 3, Mhich QRIS PliafhdieScmAurRGorGRVEr ed by
a wre nmesh having shielding properties; and, in the latter Case, the
lateral support sff grRbestimentsimilgptorthy grakpdisnensshoni-in Bepitioupdigeri aleast20 These
structures and cogROminR\oratible tpfiays 21 Aol RREM ML 1B B 235 JUflLa 1 Prior
art single ended planar-nmagnetic transducers, can be pdrticularly
significant in al ReswernS leshthapfl fegguarganaise Wik abivghiegiereinglydeseedydrictiva magnet s
whil e avoiding th LOBE L - atlll an arise fromtheir
application in deg?@grggﬁd@%%d?cgggép%%oggé}}éIrth%qﬁ%n%tg\?svttﬁugmﬁ(@?ﬁ?w,%, ot her
i ssues rel at ed t ocarvertigg thshnpyg pleGicalrsigeal $pes cdricspdridingwicddstibeutplits Ths sed.
Al ong w t he ve irical ramet er . of di aphragm t ensi.on, anot.her
di aphr agWZl i ssué‘?’ndgget}vtgtp g‘gmf‘ gg'f’érﬁnsg% DA ERLTHF ?9‘8" '?Sbnrgcaecopg‘l"’é‘y eegla'tefigt he
behavi or of an uneud iv gmoporataédomer atached do thh diaphrpgn ispthet tie tacihiegally fdig
strongly driven cgnductive region 26 and the termnation point a. This
30 undriven and/ ogjetag?‘vr?irﬁ%?rf‘ gﬂleﬁéggﬁ@ﬂgcgﬁm?}@ Ryt EB’E??@@Q’B'F”EW&'L%{)I‘SH on and
frequency responspatieemiale 264 arei26bp Thé owtpltdf thy taxAGES: Bad Mchppar aullie
i ncreased drive |egvels sociated wth introduci ng high energy neodym um
magnets to a si ngg@%%‘ﬁ@g‘“&%HQE’-W@%&PEQ@%H%% Bge. AR URPSHIBEObyen nore
particul gy ly appl nedd@pidt BavadtB R emndlréddg tiha WOk DisdbMRRE & sok@Nge. It is
advant ageous in 31 WO 02/ 0G3122 PCT/US02/01757 mtigating these anomalies
to danp the di aphfERAMBSNS SYNS SRR IMsptsserhme SPk e ermerE c Bighdieapnsy nat eri al

60 al ong at | east bahdR@iih isQffedtd by \Be BRPIBAE Ve, AlapBraBliGhodingin®l, ahd e
vi brat abl e di aphragm 21. |t can be preferable to apply this materi al

outside of the mo¥fucine phibe pasidietiys potien whibe diaphragraoRaeiet thoedveeiasasng 26
drive the 5 di aphfg@afentdn i'iat REEide AipHrakdhin bd redPl i shGtd axg! v at

danpi ng out the anonalies while not causing an appreci abl e negative inpact
due to i3% additi loWar mawag magshand lpys andegtasgtiindaionrt single prsted downcesfalldfe

di aphragm havi ng GRRAUST dhBibH8aAH - ' epQul.ermpst row of
magnets 35d and 35e, on é)acr?_ Iea('?er0 gc%xge?géedqg%lp%%qgk%géﬁgﬁ% g‘?ljrthlfgtagzr?e 35. (One
enbodi ment i ncl ud&sprisinghy, forsmgleresdesidevisanyithig smalt &ze, tie a6dio phrfarmanenpr i ses a

sol vent - based pol yyrat hape : i %\‘? ragme21 and the

di aphragm can be mao?e o@pgﬁggﬁa%glﬁgﬁ%ﬁ?ﬂgﬁ%& geﬁ%ﬁ \ R&Y ?%ﬂug%}dﬁgpq?/i scous
danpi ng nmat eri al sthehato H\ke tahge insehpambalimpnts eenalle ofossingybver wtaer nal

danpi ng ch as p | | so.- be wel |, .suite such as an
adhesi vez%?ape hav?’lr)%fg'g%p?sél%ﬂéa%gr)éﬁég#\l}gygofpeifgméatevcfﬁyal?'éh %{’ﬁﬁghﬁessf’ﬁer danpi ng
coul d be used. Al lehdugrosPN basdwidth. Thsfuaexpededlingpéveagm inedmebihial smalldner

di aphragm materi al.s. cqul d Juthlized, .such . as polyester . | ar TM or

Kapt onTM Wi le the a&?ﬁﬁﬂ?@%ﬁ#&ﬁ”h@%ﬁt}nﬁ&’@a‘%‘%er&ﬁﬁgeé‘fy g‘?"“‘t(eg/g'?%[fénpi ng
approach does not caeamiohal crashvbyneabdrie ritegedtion elidirieyidard hev Réduety¥B&R can

contribute to 20 redycing the resonant frequency of a Il er

pl anar - magneti c d&0i° 'éc,nogleﬂlﬂ'@\?‘ "%B&hcaﬁﬁfeéﬂ%ﬁ'{}’éﬁ%fé& ‘r“%‘zg@?ib‘é! offe a smal |
~size andcal | owi ngplgiae-ataghetic8peakens adcordafceGiithaRe nP&RIANBaded 8AHRNCY, Whi ch
further reduces the apove-nenti n%drogudi o anonalies. It also allows the

wi der di stributi off"SPingeAidtvorab MApvagiing e PPEREeY 4o9Fs 187 eat er  out put
.and | arger effectimgtivh RRIPe@BRN ANSInVintib Byrdahfc SellQF syfelns25 T equi renent
for closely spaced, densely accunul ated magnets over t'he surface of the

di aphragm One can rather easily enpirically determ ne an optimal anount of
danping material for a given speaker-danping material conbination by

pl aci ng the danping material first just adjacent the outer term nation

poi nts of the 30 diaphragm 21 a and after a trial in each case working
inward towards the center of the diaphragm 21 to the point where the
benefits reach dimnishing returns and start to unduly inpact efficiency.
Returning to discussion of the diaphrggmitself, with reference to FIG 20
a diaphragm 21 with a patterned coil including conductive regions 26 nade
up of 32



WD 02/ 0C3922 PCT/L1S02/ 01757 individual elongated conductive runs 27 is

di sposed on the filmsurface. Goups of 4 conductive runs, 27a-27d, in

anot her ewbadjogspi coul d al so be further optim zed by havipeg,idige{=§t and
right pairs, in each group of four, be separated by about half the distance
that each group of four is spaced fromeach other. 5 Each group of four
runs i s associated W t kyisdRg 804 &b dNGE of 12 PRk ; j magnet s of
different polarity rel at isons I p. Tﬁ@ 1|;lnp(gto en&)sc%g tugf%&g]ln ﬁg@% of the
conduct i ve regi ondregeencaweolatiapier evhewth invehted deviieea$ inyclcamilectbadprics astn audi o
signal source to rgcel i ] [ Lanals.. A ternm.nal  area. ais a
general area of at’t g%he%ng%dtﬁ %ﬁg&g& eegy &%@@z%kg[lt %Xzengﬁ{oeermbﬁgﬁﬁngﬁ" 3&“’5%@ active
area 25, not direettive ragion2s hen tdyyl sitfeceemadhfitess then [@giqoars irehed, évien SONE

enbodi nments, preferahl anped b vi,.scous danpi.ng. medi um i scussed
previ ousl§/ and shge\fng\lgllaﬁSgiogg‘.'enf%hg??ahlﬁgblsql‘ﬁ%&g e?"‘c%ﬁf)tﬁl §’g§°d§Pﬂm'num
-conduct i ve regi oneRffitevhis sthalbsuefacd dre ek devicth@ndiiid péifer@odh to £ ¥8Pfet Si N

PEN film by a crass-linkin ol ymer. adhesive. 15 her conductor materials

can be substituted ¥ eqf’%lfgc éyR)\ﬁ“ﬁHn?‘f?é’“z?&?fé%’?&%“%%‘&&?’?’&?ﬂi‘a?‘he

di aphragm film bdieqidney 60eRitiaddo BzavitheRe dbagy kegRraoninda low rukncyel | and
nbi pation. Turning now.to FIG 18, a further

serves as an exanple c ' ,

advant age t hat cgﬁl%@fggit%w Iilerraleséj ]’?dfaés%‘ﬁ_ﬁféép seetHance %‘br\’éﬁ%&@?'&%ducer
where hi gh ener gy firgnedts opbatinbSeshnh frequiicy lslagé&m{aeéﬂy th&1o6REiARhie.gap 31
bet ween the magnet 35l faces f:;m the di aphragm 21 allows nore di aphragm
excursion. The di Hpatinl oppratirgstrequensy rangk of tbg devicer ven heisderiershaying suphaphr agm
regi on adj acent aog&MidgabsoliEf BeiucAcPorAid HadB66 filz carf BBlccdmipllsReSAY, |aterally
nore renote regions 21 d that are a distance away from safl)_ci central region
20c. The magnet i c S¥priiegly praalbeizen sdvile gfjl bashieving mousualtydrigh effroigmeétsan®5 35b
through 35e that g§gqatisateit el diaGo it :,@é/}@ nsal d..central
magnet 35a. The gap _3% tget V\Be?’] th I ac;)) .r%ga?yt]rgg%l_ t éd %’g‘?@?ﬁgh%#c the

magnet i cl&t r uct ur de\3%:siIn sgmeembeadiments, He inventiveadevicegthahagd activd diggteaghh aphr agm
which is position Y} t efe 3038, than at the

renot e di aphragm Sg%?soﬁgesg&hakggﬁ}éﬁggﬁggg@sl% I S%g%ol\ilgelfl égrs]é)r I(I)“r)r.er%'? e lateral,
or nore renote, 30paratgnitctivgdplwithfichd3dbentdmelooancd frdquendes3ibdhe ritgef 5ot ake
advant age of the that,.during i. ctive state the vibratahl e di aphragm
21 exhibits nore gﬁtggf'a?%n%%} 0 t‘?{ég?:tféﬁtltyé’i’ agf! %tbcisgrﬁc%s %a“tﬂﬁ%“aeal‘gqgﬂ

regions 21 d away cffcemnitdtbarcthapri@lartreegi with hasinkit diagtrhgim adead)iWikenahd put s when
reproducing | ower .frequenci whi ch demand the greatest di.aphragm33 W O
D o1 56889 per CetsP S IR Binauttn gler<iF Brow e r el S W&*}esi“tlgfﬁaé'é%g%éi f ound
that one can consinchist(ornmeée) 8hi M6 rdsuantBguehdytand Mkl AQuéyar sserdtidg out er
portions of the trz%] sedu er W t tﬂg)ut? rﬁ@&g‘gﬁ di.ﬁghrag?m exchursi on limts.

Thi s assists in oft"iodFHyed Revellbelosy rdpfe sEll rematiipgmych smpllert sigg o
portion. FlG 19 i tHabsipFiad ®Ssidlodnded plestp i Rewo louakieater dithakdivtlirpal  and

conpati bl e approach erein the planar-mgnetic transducer 100 conprises at
| east one thin fi FORFQPUETASIAMP Eeaenph Faghers he fveption wquldpot opbbg emallsr de 21

and a segodnd surf paeas hldehae grdaRf btidicy. DePiceATtRS pRERA Athibi b 8REON 25. A
magneti c structure 35 incl udi nt(% at |east three central deeper and

conpar at i vel y nor SZe@rpliikadiie pilicigaries that 300 bpgpand Szefarsdhayeiimitedspend magnet s
35d and 35e of | epss@RAEEY cdpabifyovi ded. As with the other embodinments the
magnets can be of alternati nl? polarity. Wien the support structure is of a
ferrous netal it provi@ges smaligrdevigest having petive dirphuwemraraah totating trss hamP@ nor e
energy of the magnghiGndks UntsHii Eperate hiS ' : d be the
case if all were glﬁ teh?a sane _pol%r:;t%y. r‘?’%ggnrga%gﬂg%\ﬁ?%gst%ﬁ%ﬁlg%le%@“ las five
“adj acent3¢ ows of Ayrieen BYetaie, veni gond afficicaas seremtiogvay highaudiowstpus t he
magnets 35d a.nd 35(%\[%%&19 pﬁcﬁr.s' Y@Jnd%@%l%ar—%ﬁgﬁg%’trap%uge?sagﬂ;ﬁe %];netglezle Q?

smal ler, particularly, by being | ess deep, 6r by reason o erng or |ess
_energy density. Thegeoullss smalmzetdevise pmeverdies dpgigszeduvgist ia cesbhaat d

frequency well below 300 Hz and maintain very good performance from the

22



20 strength than provided by a center row of the nmagnets 35a. This concept
can be quite val uabl e when optim zing high energy, i.e. greater than 25
N30, magneion2ig3ear Si ngI e- ended pI anar-rragnetl c transducer,pdmg,h@ﬁ;t he
configuration can provide surprisingly more gain in efficiency for a given
increase in magnetic material than what is expected. Normally, it is
understood that, bychdef hd}%ntht’g%e%eqmrt%b@o zﬁﬂ%%ﬁd‘aﬁdlﬁhﬁy Wikoyragnets in
a transducer by 41 %a 3 db i'ncrease in efficiency wll be provu§l It has
been found, when F‘tit!a‘tlmgheemearﬁftwbtefrragnet 35a i s doubl ed in energy IeveI a
three db eff|C|ency in I r-magnetrc
transducer. This is anﬁ?eﬁ'?ﬁoggée o?r@la)n?‘pdcergéﬂg? ﬁhg&tegltga rgrratglr)té@?c ener gy,
.or less than half 1anetlmhembemadﬁamayerph@dn®t praprartsgte;ented, Aghifeqeengp t hi s

| evel of gfficien I 0 ubl i ng

t he rragnefl C densﬁﬁ}'(g%ar%ﬁgggfém% afs?g%@rgﬂn& m?é'eﬁcc\ﬁg%%ég %Eg} %?gh ener gy
‘magneti c structur daa\fmgsmds of graster thdléOﬂéntIﬂtaée-umtedrdagmtofmﬁbieammr asat i on
conmes fromthe abiliit 0, easi |y doubl e etic force hi gh
cnorgy magnet's ool RARATEIt P SuerRbRbREteremfa fy SHPe i

central - nbst ar eahdfe thdubilid to wodeffdctivdly VR B G fdglehtiahld sudh apho /gm
conpared to the o st, nmore excursion-constrained areas. Therefore, by
or gani zi ng t he maéf@’hngt lfaérbﬁeé’ fPt‘J“cg al g PRRpTEpenelc frang ‘t?@rn‘f‘é?coﬁjéﬁrf‘e‘t"ﬂBSa and
having | egs ener g¥orhdlerhtHIEn@B dTeheQhMenBsteah B¥aTabe hdvihpQiaetiviRdphnBanet s 35d
and 35e, the best use of nmagnetjc ener?y S Brow de This can allow the

cost 5 of the nagH#HY® Yifh 1el] welecqasa of 157 an 8 %‘B‘H’S‘Pi’lhesé‘lhfcpd"iﬂéﬁ%ty And al so,
it i's synergisticpidhd théisriot aftis@Rinfe, Sale 3t RRRMRAGPAiSCse fRRGNey Thi s
varying field stren th a roach can, of course, be used with di ferent

conbi nati ons of tﬁ?gé’ 3(515 FQTWéf%m“%e%ﬁffE@nwBetfr‘lplbtéﬂeealq ROT¢ar i ous
vays. For exampl ecfbdivi Bifpirdutiadnirdl £ hoTHRAMEABI ol lchapsglucer 100 can be
configured 10 so that jUS% e outernost magnets are of |ess energy, for
exanpl e B central magnénsx@miary cdrenanispnaif ah eghedimeniof ty invaniibnegmparedagnet s
35d, e bei ng of \ Ehed nd 21, the
concept can be apme ?P?ﬁg%gﬁ\e%ﬁégé{ﬁn i wUCFOB f%@?ﬁ%beﬁmﬁgts ot her t han
t he central rragnetnSBtScaiveaﬁthbed%ﬁtagﬁmdemsigkﬂ a%gahypv@ﬁlettlgalsmfﬁunctl on of
falling energy w e f, 4h
transducer. An ex}art‘?ns {é‘%@n“?ﬁe‘%‘g ?trgg{dlo‘hgo { %géﬁ)ﬁvfgs‘?tisaﬁed in
FIGS. 18 and 19, él§" sdtoediaphragrh @ea Zi(lesé\tﬁaalmlsmgtrmwx |Qanranttmswsh bheilized
W th gre% er lat ert%ltllegtl Srltoaarlllgsml andtdeEfc %%ncg Joa lsc e%ttc and al so a
cl oser diraphragm ' d’ g%f atiTized at pﬁ 2% t&* P di stances
fromthe central - ﬂmsmramgﬁrEﬁarﬁélatvaMen@aﬁs Mabmdemlm'hm eonB@uoadinber of

ways, sone of whic i 0 nets in the
cehtral portion aﬁ'gbf WAHY é‘ é’)}’gﬁg@%gf %é%ﬁnglg tgeﬂpli?bew gs, at the
outer regions; ii thﬁlc&gpdraftg@xranﬂﬂéﬂrﬂh ackeace Witlgihe @ivertipy, smalgmptusr in the
central region while using,smaller and/or (ngil V\% ma?nets the out er
regions, wth thog‘é"“ferfe‘i d 8 §FParatG BIgraBAc R A nd Beetel Borti2 ki 8 phr agm 21
iii) or gopnme conbigedd tﬁélsy@fenﬁﬁtotﬂkkﬁtrdb!’M}a@éQE@L&EIB@Q@\ddﬁJg&@hﬂﬁtﬁihdtﬁﬁﬁg, al t hough

t he econom cal gains y pot be advant age e .con t can be

i mpl enented by pr SW)dlrIlﬁ‘ﬁ %ﬁwacyecrf faé‘ﬁrsé‘bﬁ‘ﬂgﬁ ‘\Fé’nt"ﬁ’r‘téen iE)"e‘!’\/\i’é\é‘ﬂ"‘centraI
rows of magnets (s 42 leadfBrd® Méke khah Wepsibr AD8evi@SMmdealydidedsi awctivens coul d be
pl aced between outer nost magnet rows to create greater forces in the 30

center and | ower ﬂepee&m@mt%ltlmwza dhis isyptRer diisEated byothe gaph phg t he

effective magneti gyG@URhiRS aqaqué?t@y %ﬁﬂhﬁd&%ﬁé‘sﬂbﬁé@&né‘ Mt 6apitRYasenCcePt s of
varying the field strength and of varyi ng_t di stance as descri bed,

‘to optind@e perfobpifledsansdger m\i\@mﬁﬂéel‘&lﬂ!)@@sptﬂwdds(hfxﬂl(viﬁ?@?‘ of ¢ batfleder at e,

i ncreasi ng nmagnet e .easi ng gap
di stance between %ﬁ%%%g%% @%fﬁ%@d& Oratgrg%ntgéﬂrga %Ooﬁeé}g%flg?ﬁ{n br at abl e
_di aphragm 21 ar eaﬁemrenmemmmsie@am Oﬁabwgtetrmdl@elaHEMm asedrdgict Wath&Hay, bot h
interms of energy aHE?(an%Q?sﬂo@n%P?fc 92 A@‘%ﬂ% er‘éJitﬁfﬁrG f7°§ucr’r‘a9év‘{§‘e“ wiiit put. 5
Mor eover, even optim z 0 ost expendl ture,
wi th hi gh ener gy teagthed yl@thdletdoevmmhmgnmuﬁmwoatmfmnquwumaabove one
can provide performance |levels virtually unachievable wth a equal

magnetics all across the transducer. Thus, the potential reachable with
this concept utilizing high energy magnets of greater than 25 mG0O and even
preferably greater than 10 about 34 n30, neodym um nmagnets is far superior
than that of prior singleended pl anar2ymagnetic transducers. Wth reference
to FIG 26, when applying high energy magnetics to a single ended

pl anar - magnetic transducer it has been found by the inventors that a
dlfferent rragnetl C de5| gn approach than |s taught |n the pr| or art can be

M. ~ - o . o o T 1 o




wi th each magnet having a material energy density of greater than 25 nega
Gauss Cersteds and nore preferably greater than 34 m3 and conpri si ng
neodym unw@zioesiaz or another material of |ike capability igripi@ddeishg a
magnetic field. The nounting support structure 30, the diaphragm 21 and the
at least three magnets of the nmagnetic structure 35 are cooperatively
configured and poSiatreG0£6f thépRsrAdate chi POHadRRS aRlcieRRdller 4Rl Bl hnshi ps. At

| east two of said &iﬁ?henergy mag%nets bei ng adj acently positioned in a
predet er mi ned spaceRplagpallythagmme Tiggyenoy nesnopeobut BRIt STBIBRY 1 el at i onshi p
55 wherei n adj acemnbB@inRstsQF tHe M eAlin pe=ToTgl N8 d,
| ocal i zed magnetic | oogs 48 F%E?eggin?gg%vf I ocgz;r a‘f’%g%%f“?’gﬁ%‘é@%%%gy maxi ma
78 in a plane of the difBphvgugreperifioatrcdf range of sisg &equieneyl pngsr awitreggnethan an

energy |eyel a shasged E‘d?ﬁﬁmﬂ;é XhdMRetlch [ LhbOAmBRENGGD the
adj acent poles and extaen iIn m;?on. ea%%ﬁ%aggl%ggﬁggmﬁﬁg%bgﬁngﬁgﬁ\&nspecti ve
-adj acent pol es i nit H&. Bl ande Sirthehidustiateg lirr thg fordiilas Tipeespddaretow, partjodiryc
transducer 100 isg : ' o - .l - magnet i.c transducer. |t
< found by the ; o nrateddinfule DRl iRl ARREIRAOR ot R0

| oudspeaker s have squateghehes.nEhest focmulge ddfint bteuctmmeprtidt bavecheyn chragieatiloget her to
10 achieve a maxipized share 0 see 81 i.n FIG 2) this practice can be
substantial |y ian}a%/reagtsﬁn Zenen%ﬁ ﬁlagadgﬁg?%lﬁ%ﬁv'ﬁe%per use of high energy
magnet s it accordance Vhdfivstteingi nventi on. In spacing the rows of magnets in
the invention so that th leld stren applied at the diaphragm by the

| ocal | oops above each’grﬁ?@h@ /Squgred‘?‘)t@?égter magnetic energy than the shared

| oop centered between wheeid $Fr) vauaRitigtupniaicgil SPREMBAS resGnantfiR@ENH of the
advant ages are deri vgﬂéﬁr}q}ist di stri d field allows the use of fewer

, ut ¢
magnets while achi&¥ FZ3ng Hereanals (hevbratshlspreand thyrtragsduge . The

di stribution of tbRplaeftUCdque ifcHES TAR bt deRREY RO A dnshp brBRqelng) I | but ed
nor e effﬁqcti vely to have | ess conductive area producing direct dri've of the

I

di aphraghi at the Parsofdesperksn Tt sppessiqmis indopendenh et gap3ze arthfoguses
redistribution of pbhencradstel by £ fimkibh o%?he%Izefohﬁxe%Pﬁug&.i ve areas 26 on
di aphragm 21 all ows a favorabl e i npedance for the total of the conductive
regi on/ areas 26 whil e Aseongifosmulplyiti ng the drive force to nore effectively
drive the active region 25 F(pf<(§1§0@p glgr;%?%mg@r prior single-ended
pl anar - magneti c | oudspeakers known to the inventors to function in a
reasonabl e manner t heywixsein@aiequals e fumiamgnteldesonard frequeantisof thpposdiucer manner
fromthig nethod gf oy ' et t o .nmagnet
Spaci ng 1o mai m S0 Fhard] &ay AP HBR it et £ PREIBNENR RS g
concentrate the cuchespndt@squdiethe maRest tr diaphepginogap In@asur@in anitim2@r atFhe
di fferent approac I - i 1 i.pon.can.be seen . in. the
magnetic force di &nﬁeﬁgﬂ??g}%ﬁsﬁiﬁcﬁ &?%@I{%“g %télgg\%\g#%’ @%Slzr?égrtlheet%ag lsg?crt%rﬁ?t
anal ysi s sof t war einfa thedivri@mintfyr digplacemgrt bbHihe dimphragmg vetictpdffece effictensic he e
(FIG 22) relativg t : netic force distribution arising from
i nventive pl aceme%td llgrﬁgglg%ag?ggn%eém\?\,{lf'ﬁ&t his disclosure (FIG 23). Shown in
FIG 22 1% a graphi calA tegdrfeseitt @hicaplaad ah beenmigeatipressive einde S pbativeen t wo
magnet s when conf}ogtalred as.in theﬁprior art with the vertical values in
Tesl as and the 377 2V 3P 6@%589%1%CT/ US02/ 111757 hori zontal val ues in
fractions of an inch. In tfrs (D@SESqaieltod of Aj/Gy t housandths of an inch
| ateral gap between th tv.voFrovvs of nets (less than a third the width of

sl (5

(
the magnet) it can be ) cqupl thefufdamppialresouant frequsagy ofdbrdraggdusrak 61

has a maxi mum val ideieptz add®QUtequilsthe Tl realofthetrScdriRphidRM it sd¥Bre
available to the 5 di aphqr agm conduct ors centered between thée magnets on the

pl ane of*% he di apfifigAnd () eguals the magnsh oy daphragmeeap &spiugeddn enllimstegias e
“narrow. Al so, thethk 8&dr of BRRrafNABEDWiapRYEHUNS 622 and 62b over the inner
edge of the magnets is nuch |ower at .0047 Tesla or about 47 gauss. In a
“typical prior art confAd §urthforawla cypiseaysimiarparameters i hosoibove bytiwith thagnet
used, these energ ; I : 50 to
about 900 gauss. Efouns s RK oy REhE L S AE A KRR S e
magnetic field 808t ween two magnets configured in accordance with this
di sclosure, with the vertical values in Teslas and the horizontal values in
fractions of an inch. In this case, with a |ateral spacing of one hundred
and ei ghty-eight thousandths of an 15 inch | ateral gap between the two rows
of magnets (the same as the width of the magnet) it can be clearly seen
that the "shared-| oop" energy level &k is a mnim and has a val ue of about
. 325 Tesla or 3250 gauss. It can be seen that the usable




area is quite broad and the | ocal |oop energy nmaxi muns 82a and 82b over the
i nner edge of the magnets is nmuch greater at 0.39 or 3900 Gauss. This

i I lustratwe ¢2fdeivhe i nventive concepts of utilizing the neqgdiidappimenet in
an arrangenent that facilitates nuch broader |ateral energy Interaction
with the plane of the diaphragm 21 and with nuch greater force. This allows
fewer magnets with greater ppagoogwgnd provides a nore even drive to the

di aphragm 21 across itfs surfac nd e roomfor traces (coil turns) per
magnet. The i nvent}d M%am%lﬂ‘g@eéﬂ}?ﬁﬁ@@w@m@p portion of the

wher e, by conduct or bl acbnene. oAt e {11 m  the diaphragm 25 can be I oaded
by the magnets over a Wherein (Bp ggualsihe fiadamentab rasenaot frequencymfliegansturen onl y
drives the fil m dipgRiaa8® ' : ,..and must
pul | the di aphragm 21 al orggﬂ_)Sg&saé%tegflgﬂlae{]&%g@ﬁ{%{%ggé&ﬁh@%g&r’r@éﬁﬁe&o wher e
‘there i s no condudhtedransdugeraliapiraigm inbghes anih éGregaletis nmgset thédiapipagedac| oser
together. It was thgsrdivie iR i i departure fromthis prior
configuration in con%l#nélﬁ%ﬁ&nv?n&{{]a?glge&%%} q%e}(}tagﬁagur%aﬁlaﬁé&q@t s, that enabl ed
pur sui ng novel design Hhasebringlascanneaize o nuigmecastichlsidghd endell gadapsur e t hat

can have a further i e efficienc f the tr ucer. .38 WO

1) 2/ 11G3922 PCT/ U@}ﬂ%ﬁ‘ﬁ%’%%ﬁﬁl ?%903%%6&&#“58&? HoRE ‘%?@?9‘2 r Wéiucgtai N
;_urltge_r dlvant ages@ctwhh@wmﬂem;mgmﬁﬁﬂ’ ma?hnﬁﬁ@porlﬂiaﬁrtdts\tﬂ’gpéaﬁaﬁeﬁent and
nteractive for colanar MSEh rrlEt girars B brtbubl berderiieade bamERuse
attractions that dissibofidn dffeagi@lerthénag asdpatain Giphbehite@icdQedldy STiint er fere
with the calibration g};%t BE critical tensioning of the diaphragm 21 as

expl ai ned above. FHE* Heb maggshtodRagRetsPacaieatis A Iagstarto §3¢ uct ur al

approaches nent i ogedsapiey bfusshoh oral 84kt 6aSR% of B widhlor 6ad ddthhadiRisnt ai ni ng
reliabil L%y of attach%t of .the magnets 35a through 35e to the nounting
ructure 30. gm

suppor t brdipgesnt thapean;bsysedfopserainaeplicationsoniah ag kemrs ener gy
near each 10 magngieatrd, 8dulehe toRBMbABRAANEEerloR e PRARCHIROP - SRRISY 186Nt er ed
bet ween each pair of magnets, reduces the problenatitC Interactive forces
bet ween t he magnefi&ciird abevend as showp inFiGe Piead prendip e & instahet, ame  syst em
This reliability AgyaRHIHE sGRIDbRAHe: 3 LG PETHET IRNGS: es provide
a significant advanc%r_rent iSn the st gt.e o? tt“ﬁ‘é aréebﬁkﬁﬁbﬁgyg%’}g

pl anar - magnet i c | WaapeBiergb tompakeadviderdeudsprais. Toesotrdasdoeersvahbe hi s

di scl osuye al | ow {heg intSQr AdiRNoref colibdhs; eodym um nmagnetics w t hout
attendant drawbacks they %?I?ang V\?r%hm%)g%%'l &irtﬁe}s/tt‘@rl in accordance with the
prior art configurati oWithrefgesrsedFisr Bi and 12ninhahecerpliareyt fpitierar - magnet i
e a6, wher ei feot b e on PoSkS eI HE SURBRREL otfF RGy MR Bre bl ane
of the di aphr agm previdapefamaroeenlzgeemeatsiehilehai @lling shegireadigly-didtassedn aver age
val ue of energy | I central .such as a central position 76 between
correspondi ng adj \églre]?ls g‘%‘f %E%S%.t ugé%t jcaeétéar?triﬂaéﬁwg‘frgm\?ggp}ﬁrﬁﬁs v usigg e
preferred val ues Yay highesergpmpgriendtsa,3ib,cat 3be sechpisess as@aeopy@fvat,r ed val ues

wherein the shared, ener maxi cepntered at a.point 76. bet ween a pair
of magnets 35a an hlggt?s ?‘?sé“tr'lo e%;@%}%eépmf‘ﬁﬁﬁmﬁ%"rﬁgf %aé‘ﬂ’tﬂ P&f“‘feaéo kesedhe | oop
energy maxi rrg f78 i:ngtacnlfagmeaatl:iacthjagri@Eepf»?l&a?]58(i‘r(~:lesdfﬂioa}h diibitinly tl{ﬁ:uﬁathﬂgrppgﬁj ust ment s
to magnet an ie ement can.be _achi eye erein the shared energy
maxi ma i s no gr eaﬁ"@?gf@rf‘q‘sg’e ‘i(jorgﬂltﬁgef'eéﬁ'ft\éétfe tesion @bipunpd thecdiegy  maxi na.
30 This affect cadiagh@agdeii.ned wherein a predeterm ned di stance between the
| ocal | ogp energy naxi poi n:bs 78 for adjacent magnets 35a and 35b is
appr oxi mat el y equal toﬂieaéb%‘ﬁ HOF SIS 4l fesitrnediabutting cenfigretipondi ng
“adj acent magnets }9adeedRfliea? o, hid i e ' t i1 j this
effect is wherein the predeterm nﬁ?é?gaghgggﬂée%gn h%ﬂ%glgggf}%g%’ener ay
_maxi ma 38 for 39 35byind3fo, This hepoto matipatghe pifecy fmaghicticasmactiomfmetss i s at

| cast seventy f 1 ugdROSRAHNObrodern el dish e PRI afHeAR N OOl N S
effect is wherein the predeterm ned di stance between the [ocal eio%p ener gy
maxi ma 38 for adjacent nmagnets is at |east ninety thousandths of an inch
and at | east one hundred and twenty five thousandths of an inch. Another
enbodi ment of this inventive concept is defined wherein the predeterm ned
di stance between the |local |oop energy maxima 38 is at | east 100 percent of
the width 35w of one of the nmagnets 35a. Another enbodi nent of this

i nventive concept is defined wherein ishe predeterm ned spaced apart

rel ati onshi p di stance between any two of the at |east 10 three adjacent,

hi gh-energy magnets is at | east seventy five thousandths of an inch. In
sone preferred enbodi nents the predeterm ned di stance spaced apart

Y o, - o o




15 I n one enbodi nent at |east three adjacent, high-energy magnets have
common di nensi ons and the predeterm ned di stance spaced apart relationship
t her e- betwean/op¥2at | east one half the width of one of the@ddikdssiik,
magnets. Further optim zation enbodi ments can be wherein the sane type of
spacing is at |east seventy percent of the width of one of the magnets or

at | east 100 per ce:mrgsaixag&@tstd@&hé/\mgim bnepdy DRt folRE dORAMBEEm HeQpREHt
per f or mance when g ter ocal | oop_en is generally

desirable to al so %‘L@‘%é% BtiXd{“ie gre i éhedﬁﬁsﬁfﬁeﬁlwfégf‘dhww Zonduct i ve

paths 27, whether si ngodmideObnelethbodigiéRk Hali a@iacgstﬁfcuﬂpgﬁa Iﬁﬁuso<91§ .Oned SO
as to take maxi me advant age of the |ocal op maxima. In one e i ment 25

‘they can be cent eMBYURSR aI‘FeabIUB’@&FheI%ﬁgtsfoohOlMRmnmmﬂ?q@Iddesfseth@e
engagemery W th thgod¥he&hdton lt%hﬁiﬁe Je@r?fﬁ‘afﬁ?)?es@?gﬂﬁéd i phitd $5alcH ge 35 The

i nventors have found, that when g@gp ying | ocal I'mzation

-conpared with shaPréﬂldPQ)@p@é‘OWan’a gnndypeesds P@ethrmhtanaﬂsdxlates at:lam be made
that is smaller thafResRt t it can
have strong 30 audi ol%’ut%g lé n% g}égpﬁgvﬂ\}g%@ &uw\é?%heo%%@oﬁﬁg%

havi ng the acti vesegp ipfiiBabin blegng)spaﬁﬁ Strmturngllamné'r@ﬁ:edfommmlbmgt abl e area
of | ess than one uar. Thi | ds at even
substantially | es@é?ﬂgﬁggﬁ@ undé)ylaag?fn 3$| P?g éagﬁ%an%ﬁé‘ﬁ@gce SHugBite

enbodi melt s. Whertbatgs cqmﬂgmedsinagkteempdmivenbae@whmm:gsmm veaugispeakers have
general |y been rru%Q1 a%athe({e ﬂ hra m 40 . 112/ 063922 PCT/ US112/ 01757
active surface ar ea %reﬁu ‘&Spf"ief“fyy OlisHuwe coyd B¢ pei ng
much greater thamsb&lbﬁ@eéiwﬁgn\edmagw&rcebbmhﬁé‘a.ch\ddl]hdeﬁtIﬁﬁﬁdﬂadjb&hﬂﬁaédéés

efficient over g of . the c&%ergtl ntgv range than_a singl e-ended
pl anar - magnet i ¢t ARS8 &0 ithres &5y 508 810 oS Ohma8tsisscl osure. The i nvent ed

transducer can be of tRensniagal theémbddagendBibwhah FEBAN ah& 18 tht PheeRpRIST I C
ndw dt h extendi ng down to a | ow range audi o

out put ving an ypper, audi o

fr equen}(;@ Wth r%ﬁ@?‘éﬂggeﬁﬂwbgﬁ"?'?@he oper %?HB"(‘%P“&? gufervoqeaghets 35b,
advancenent in sn33@I(Ezcmdedhd@h@mytmaﬁﬂecMcfr@d%xd%%?e Lad vk RdtnePf

i nproving the diaphragm 21 to achi eve dgreater her mal" change 3 heat

tol erance, high cﬁxff"éﬁ%di % Amputer pepphary $2d onceithercidepty ediend by tllilcbabut Aide onmon

di aphr agm nat er i gortidhs B, 96b &f RO BsEAISL dspeakers has
been pol yester t?ﬁon fIS| ns, al so knts:)wn undécgéruij}?(ﬂ-([astlt[ﬁ?g’gaej Eh‘gsunarre MWlard . A
linmtation of sucHbsfimene fusthalkpls|Sad are- mﬂgdvétqueldeeﬁdspeakmngletsaﬁc,been

reliabilpty due tpt bk Hkr Jn@ h S ed to attach
t he conductive regi onsSZG Eo t%l %&fpﬂwa%%%?m{amﬁa% %ﬁ ?"r‘iye 15 limts
of stability of tm\@neﬁsabah?lagtmﬂz:l&detmetioms Brre 3¢tpof theveppert ﬁtnmmeaacﬁyxheprl or
systens tend to nREWLE UL, i ev, nt
acoustic out put Ie\fg)e g;t ° eclaeutgle oF’Q%\FQ?SECHOg%)&dstuﬁﬂcge@?tﬁl%@rree%ﬁmfFl ?f{é qt ability
limts of such pc34>gpegﬁeﬂletdhphragmlairevxthpmnmal darapbn a\germdnoth had to be | arge,
to di sperse generated r | essenin e thermal inpact
for any particular snma %gtfal?{%{g%%%l&%%ogﬁg Ohfa?aawa)é? '%Hﬁalﬂ’ﬁge limted in
maxi mum2dut put f @iﬁaparagm\ﬁetﬂ)rsumrffan@emmemﬁ zil'zh@u mapmha-rh@hetlcftﬁiﬁﬁkﬂxcano't her

appar ent 1y has SRS oy Heph SR N Sl Gp e ag bl peoond 1!

| oudspeakers. Theuffadesideas emd iatluds apohduativetegions. KB![&dbﬁaianérﬂaFﬁmﬁd | m has

hi gh-tenperature ca abi i s dinensionally nore 25 stable than

pol yester, and i B° Saf ?ﬂefjlagiyp? d%&%%ﬁ??*&ﬂ&ﬁ@ﬂfﬁ?%ﬁﬂf@ﬁiﬂaieh ePILYiseabl e in

the transducers chz@ﬁétgs:eléadnesze[sfb ariaaﬂsbldflgharelr ShaMVDe MGICE InAdfdri8) YreleF Y hi gh

power aBBI icati o rggﬁ} e the fs ossi ble thermal effects tol erance
s ‘9 afep

capabi | ’'ty. Unfo a“BGP‘?B YAigee d e 62libratipn insthigingthadnt er nal

“danpi ng char act eréisied © ipstoper BRic Rk 35 BeGdth G6 RRAERME b6 ﬁeslt)%&;han when
i ncor porated as a i‘o thin film Er anar - magneti ¢ di aphragm g a

_di scl osed her ei n 'TEAPHIEN $pIciae 8 hiagd {jj @eopry disheagn 3l tensien. sB?lﬁen@kdeeme I'n
further searchingehoge: fil ms having desirable qualities for di aphragm 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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WO (12/0G3922 PCT/ US02/ 01757 as yet been applied to single ended
pl anar - magneti c | oudspeakers, even though there has been a long-felt need

for inproywemuatsin this area. The inventors have found t airpidesoy@yel use
of pol yet hyl enenaphthal ate film tradenmarked as PENTM or Kal adexTM, in the

di aphragm of singl e-ended pl anar-nmagnetic transducers has 5 an enhanced

thermal effects resistapce &iweruweyy@aﬁghrmgmn&ﬁgaéupﬁéﬁawctu}é’3d\£}id' e having
i nproved internal danpin onpared to ot her high tenperature filnms, such as

those of the pol ydPEdglics ?té‘teW PHW’GEF@S\“F@@&M%&&YPEEM‘Q ofithaymagistien f ound t o
have si gnificant | yuiGauasth Motk lsh RRa-bEkAkNGHD, dldSHRRLY B0 flEnddg ™ and

i ncreased thermal tol erance capabi over polyeéster | 1 ows
for very 10 hi gh [8IeFt siyeture 3istabibizesd Grm@ﬂmlmmbmm}ﬁ il sesessthighnenetgy i s wel |

suited fog use in lggqp much St IIer t han
the prior art si ngﬁq)zJ encfe %haﬁﬁng:r%gneﬁl C S%&a grg%ts et 1ofed herein,

-whi | e avoi di ng t henteuidre p’itbﬂieeem;on@‘ﬁedlaplh@gngllt he ther mal concent rati ons can
be greater in a small ef, devj The .dinensi on bilit her enhances
di aphragm t ensi on stabl[) |tyt'%§hm s 7 dPphEem 9§ %%I%PP% St Fﬂég Ser, it nust
al so be said that didphiags pﬂ;ewmfacsahaded diaphragni tenshm;ahd peak optim zati on,

devi ces in accordance th t.hi.s di.scl osur erally operate at a favorabl e
overal | tenperature thyt i SPIAERE Ay iR ?P%ﬁﬁ?%ﬁ??@?%éf%iﬂm?%%m@%“% | ess than

prior condigurati oﬂa;onehmn) dntl Getghaert iheydjhd&ﬁahmé@t B wiil 88 agpapmotattBgnet s. 20
A further advancenent .toward achjevin her R’cﬂr’for mance i s derived from

advanci ng t he et KRYGECIERIERTATedIOf W28 o éﬂ TRECUsigRdY Heh t2R&e veriduder ve regi ons
26 of the coil tOek&]ﬂyléﬂa@ﬁh@ﬁﬂ%?ﬂeatthéheMd AHd/ o BNUAER! thB GlaSndidYer Jp?oﬁn
as

limtations due to th ives utilized. Undesirable traits, suc
| arger than desi ré?ﬂeé eaghdlin the magnets cam by rhadrie Hi SeRARK stineluecthen thg go of

conduct or 25 adhesgiiaphab®@ i BRicHeaRY AQORH, Wi adé}ﬁlﬁrt@%%t’ﬁﬂen BeBR@n @ | N9

time, and_in some applications an undesirable interaction with acl ds used
to renmovéd unwant e@OBBEYYEGHSS Ghe Waces eforierskandvie magpets of the negaetisstinetireund t hat

the use of cross |1 nked sl it (ANNAL RcoRHBRNARELS rAQHGRPN! S [ 1

mtigation of the above-nentioned |imtations articular, a | ow mss
hi gh tenperature EMW@?WQME&I@P@S@ b thk didphaeline ] WOSlmthebmngheng t he

the advant ages. ar oo AhoetB bk SEhE BREF AR el SuB2FL G e OO, O
mat eri al can be pmiageaty Mmp@ver,hhze CfOinﬂmtcsma’naldﬁe be imbiperatddheithid i nat ed) so
the depogjt thi Ckpﬁﬁr?raé eﬁ‘éle@tfﬁflﬂx%ﬁ the ‘F‘égﬁg"éyaﬁmuﬂapghoﬁ%%té@ ei ng that

there is negligible nki ng
provi des nearly i ﬂmtcamtlatn'eaausesmandwughedkbemmm&notber\xﬁseanidoi-po@aingtcmcﬁcaﬂ\ieaphr agm

cor ) Sonduct or TG BSERSFR 248 Dy Be i RSB EY oo
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 narrow 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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that can acconpany a de-netalization process during fabrication of the

di aphragm conductive regions. 10 iv) The thermal perfornmance of the

adhesi ve ®yapmdsm2s hat of nost of the desirable filns to b%c‘iﬁ%‘ﬂ%{ﬂﬁs he base
di aphragm 21 material. v) The adhesive is unaffected by the acids that are
used in sonme preferred processes to renove the unwanted netal |ayer areas.
For these reasons it hgguiReRkAKRY s Ldatioh bnd ' j a single
ended pl anar-nmagnetic transducer to _IQ‘g}ulg}ﬁ%?éﬁ@e'gg@efsggvlnﬁha%{g&tﬁwgh

t enper at ur e pol yurBtehlave thiy siandard ipractict ofdlvesst passiblerspdpingdvithgitgleeendahduct i ve
surface areas 26 §§,qtdagid:i greTelle 12 Anot her i ssue. w t

si ngl e-ended pl anar - gngé%él:i{gl% ans ﬁg'g%lgpfoglemgf’ ntoﬁ%nhf?cgljsglgmcyr B&&a&a by the
.currents in the dimeghanzggHy.clhind it iotesnidgneda forem dtussaimeevidusybeBinad e s

nodul at e £ he nmagnet| el d.set. . t he magnetic structur 5, so 20 as
to creat eg nonl i neglfglhﬁcgeljg%fagﬂ]teﬁ{gblgg'eo%lfel ’B?P"B'Fgg Ttﬂ‘ét“felsa‘?‘?‘éttfﬂt?g?’ ?"trﬁ%‘ig te3h
-produce di st ort i oreliafifitys cqur tehit ssk. s, héthahearwiterets dTatdue@ediyfit hvhilable

si ngl e-ended pl anar netic ansducer utili.zing high-energy magnets. A way
to stabilize the %86”%@? Pgerft?‘ged‘cf’ﬁklerﬁcr‘?}‘ﬁ‘i‘ici‘@d’cnﬂiﬂgo\%‘g BRT BASHAY i ncr ease

transducer responsgeniigh€E).2 inyEIGE )Ebe@0¥en! RYYREdneE 38179h@54.8 04h Heksia t hi s cause
is desirable. 25 I.tm?las been found that a way to mtigate this distortion,

to further optini2€ ﬁ@‘ﬁh@m&f"f’mo@ﬂ“léﬁé‘ﬁﬂf“ HIgRONANCE isseesshungea tefided

pl anar - me@net i c t p&iASHUERSing rioh-linCarRRP Iy $thiR obipht. OTheAamP RINE e ShOrting
sheet placed interlaced between the rows of nmagnets distanced at |east the
gap distance 31 fftm%ﬁlrca&ﬁ’t’@l@ml’m%fié%ﬂﬁ sioe 9.3 befwgeronagneippéd and anot her
non- magneti ¢ condggb lv)h_@reﬁﬂev@_ﬁkn%ﬁtbﬁbadﬂé‘do%ne§EBMQﬁé':{t%mS?J? d@épk%@é f+xj nearity
of the magnetic field in a single ended systemto be nore’co rabl'e with
the magnetic fi el BsBplerspied devigpcassingngeustic whoelivg andresdnent caditidsl 19.2emded or
push-pul | planar-gpggnetic | oudspeaker. Returning to FIG 12, and the

di scussion of bracing the magnetic structure, if the structure is

i npl enent¥ed using at |EHBing ope teFl6x d4,iltims byendowdiLtbatiuvieg verd high \éri?/ UC3922
PCT/ US02/ U17S7 shgglneatdsuGhiE € D2G Y it coustical |y transparent areas 53a
such that said shee negstisg%tﬂu%gméggn#gé%élgp '(I%y nse{w {ganééurc ra@@’ %?éga Pl aced
bet ween at | east magnetsahdisohces diatiwomitl triakd the magmetioffieldngetstiasBpa and 35b and
preferably interl gagk i etween.all the.rows of nmagnets 35a, 35b and 35c,
it will mtigate '?’Eg&%%@ltﬁ%’é‘é"r’%?e’?sr SR THIEY: S TWIOVT e PSHATANCG Y al so have
portions extendi ngplarbrsi ehability bhanglestisded eamsaareat &eddknt AtbedPdone 3B@res an
serve t race the structyre 30 at acin ortions 30a and b, to reduce

di aphr agzr%b t ensi onggﬁ%lhguelgo W’%%"ﬁ‘%@?ﬁ’@g'}fgﬁ&sﬁh@g Lot thRevelappropels e over
time as di scussedthalbiaace Retictivdeh BOledsOtvidB5aiafd 36> (Fithecampak high kadryy Wi t h ot her
speakers in an aur%i O‘Wég s%/st%lg] Anot Eer @robl em.t hat has pl_aguedy rior
single ended pl anAPENFEGRAIITUENGGGE FE KrY pventy Sive tgpsandifhefiandncho Jirtherg t hat
has caused under dearfoataradaloé RRATedEiPEACoRTPo tHEGaEiBS PO &Bst tRH 6 1 NGi Ng
at the fundanental resgnant frgigtjjenc , 1n the | owest frequency range of

operation. Besi deQCONPIAHETHYER FRETE BIRETEE IS8 IagtinshitBowspndihsof ar gk ducer
itself i35 this fregueaousanaiges andndtdrlnlord aafther 15 probl em has been t hat
singl e ended pl anar-nmagnetic | oudspeakers have had trouble integrating
smoothly with woof er <YStheRwvay Ratieve s optimal spacing) iy wherpigialeashiavol afilkest
frequencies as d':&i@dééﬁ%h%ﬂ&’g?mam%n@ﬁﬁ)tﬁh?eWGI@@E@@S@O@H@J gy of prior

singl e ended pl anar - magneti c Speakers the woofers tend to sound disjointed
and separat e fromredsierpingd distancehetunga themyig etleast enealf Heevidtheforsectitieess| vy as
20 desired. Wth hiseadyaihe SbmhOMBcvASRARE vartlih B §En the
appl i cation of mo?gzlﬁ.sy_ste%rs lins be?:omgng véwlé%g%ﬁé@%@x%gr of these
syst ens,30addi ng i ¥§ 8lsit isadpanideeeusdn expandribe spasimg e 8t leaftsevanadsiont ty t o
reffectively integyg j ; ke rigr art single
ended pl anar - magnet ?%d‘ﬁ%&ﬁg%ggﬁgﬁ&??éﬁ %@%{%{@%‘%&p‘l %2‘6’0 3‘5}}0;98%"?%8??1 vely in
state-of the 25 aFhis &cpumssindresamied surwitiLthespaciugbetweensiller e porsiys bhs t hat

i ncorporate a se ofer (sonmetitres called,subwoofer).. The effective
application of hﬁg{?%%‘ﬁ’e‘)\rég%gaﬁégé'ﬁ‘m‘”ﬁsn? Hrrggeé'ﬁeéf%acﬁ‘ér?e%?%‘?aalép%“ §h'?aﬁrafs%i ngly

ef fective sol uti deen ubdthaathedeptistithetagrersiit @ttintredaf vahies @foudd the sdntgl € ended
pl anar - magneti c | oudspeakers. Wth reference to FIGS. 4, 18, 19 and 21 30
usi ng the high-energy, such as neodym um nagnets, and setting the gap 31
at a center maximumto |l ess than one mllinmeter, better |ow frequency range
response can be obtained. It can be preferable when desiring an increased
ability to produce nore controll ed owgput at or near the resonant

frequency, or to snooth the response through the region of the resonant
frequency for nore seamnl ess -44



WO 02/ U113922 PCT/ US02/017S7 interaction when crossing into a | ow frequency
woof er system to reduce the predetermned gap at its centered maxinumto

| ess t hanw@ obmesrb | i neter or even less than 0.5 mllinet erpCT,ﬁsulgl,@ﬁqgeen
found that in addressing this problemit is preferred that magnets be of at
| east 35 n30 or nore. S Wien applying the above-stated nethod or
enhancenent to a i thehwediBNEE dovrl ANATthdFR@ARL ﬂlgn;agg&sgg%gtec&{&gngaq@n&fjucer
can be integrated effectively with a woofer system w th substanti al

i nproved resul ts, BYRESAPREPxiIRAILY $9pE i PropoyeryReeriast lessrlerp than Wpuldar ti ci pat e
effectively in Vm%t'odt]@csa Lfse nfagﬁeto’fﬁg 1st5%9a&§§allé§hc?erﬁeﬂm dlex lng'Q; Aofhea for
| oudspeaker use that has seen very litt participation 6 rom single

.ended pl anar - magn@&tagest pehieksd by kdding Zrldldttmh%l daptbllgmtjusméndtbyamddnex@iect ed
advant ages of appl yi [

pr ef er abl y 35 30 ISIéaSrrlehﬂrﬁcgﬁa‘l aﬁgglgg%@%%&eﬁhﬁ{eh% ?%g étgtﬁ‘ﬂ t‘%%def) t can
‘provi de greater | aqups tb@ ymgtit. Butilbbie amretcmaltﬂlattlnmmmaﬂcrmveﬁcumsm si on

probl ens of prior Si f s 15.s t hat
by decr easi ng thegale tl%"aggdb"g% \%‘?‘S f%”engéﬁ‘faﬂlglfle %ecro{nle & 6? 'ﬁ ar

di aphragm 21 of as@mm]gjm,t aedldedovpéranmrommehmmstohasmﬂmm@rluﬁm byt hat not
only the effici en% ng nB’is gh roves, butl al so the f‘% Si naI out put
capabi li ty i ncr eaQRerialgancsins giher fap a0 egpnomic lingt giyepbyethg P?ﬁ ic gap 31
so as tol@l | ow gr easten sighubdtier ivgintiZat aﬂmN@I&Exﬁk'trafhﬁls gedih@vugh &illteis ac@est i C
outputs. In the 20 ipventive system dj sed herein, a decrease of the gap

fromthe | nillim8PRIT FASB ERH GEY i ‘Ef F& A Wiger Spacing $1dWidgrinagpess | esser
val ues, reducing ifelab¥elypépeh talleoiHy oRaRPIndatslbdda (Yoil REHRRSADelIRe danpi ng
and control of the dlaphra 1. Large signal capabilities are surprisingly
i ncreased; and th@ab?bé%qh@r’fﬁgﬁ*f ‘the diaphragm 2 | striking the nmagnet
structure 35 is decr eapRtheltBfmdnBiiie @R B SiHafced TrBtHAHE SHoW.Sthiell N vast
majority of the operating range. This |ow frequency control 1 nproves the
sound qubtity, thaPRreAchesrtamaget sscing Pyrtiyibespusgrogresterayesto the dipnbraginicams
greater overall Sysh&nmh At erdidngk Edﬁﬂa?éﬁqgme&ﬁbﬁaﬁ%t%&&rwa%%w reduction
in the required diaphragm 21 area of a sin nded pl anar - magneti c
transducer for th&agegheolyme fddignheagsigrea na@f\)/ean b&yetdffsm@é@d that otibe prior above.
And 30 this mtlgglttg;ﬁlg Ry % S
si ngl e-ended pl anar malgn L?%g% %gélg%\/\ﬁa g‘ﬁc Oglr%él?gﬁg%%%%spaég?{o{f
Ej ypical ly mt;r et helnvcalbt@macrtgmhsd}@l&mgm nTjh?@tpﬁars thi lmphnagmt Qgpr(twcbm ths

i scusseg, above. r res,.o resent invention can
provide %O 1 gh perfg{ra&rr@k@ogl e %gedm%g&gy glfth? %%vé ‘ﬁ"ié‘a’“* nq'uu%lr &% nches of
active di aphragm disghu@mn (ﬁ”mdlgaeuktstmtammmtoarhdes g:saxa:amen area WWohd ¢aXit@63922
PCT/ US02/ (11757 f atte nt| al ow f u y range,
down to frequenci égta'ﬁenl f’%"egs’h/ Saﬁo‘ﬁgﬁhﬁ'a Y&a ?ﬁousa{g §F%s 18{%8‘@8“ |?n
detail, above, beﬁawsencbkeephmeneffn‘oaﬁdmtumngahe @xﬁncﬁ:l‘ucffttmtahaﬁncafand rasioy enment
t he di aphr agm ar ea %a : bhr furt herrovrd%dg %dmto e QS’F 00 square inches or
even |ess than 30°5HtdPRR R P LA CEMAEELY PERSTIEH $8t the | ow
frequenc®s range i Sormwabh@ndﬂy\mxthahé et tinhg Bm M6 hk@leﬁﬁﬁﬂfohh&cld&m?cl i's
reduced down to less t ? I imeters and activ ’Zﬁg rea 25 is
| ess than ten square i Bﬁ‘égca ﬁ‘fiﬁ‘i‘ﬁ%f’nﬁaﬁ‘r’i‘ﬁf‘?&oaﬁf?‘”ii%%%” t he
proper applicati owaedlengihdT t1RgIe FRGHRY Soun@ “avé;gor[glpg)da&gaqg,tm anar - magneti c
transducer is the |nﬁrease in 1 efficiency and therefore reduction in

power requi r ement SAHAYGH IH@’WB?*‘ femas, @P‘P‘gt”“tlpché’f sg K aHeefkPrEnSUstARes in a

snmal l er size wt ht&d%ld%ﬁ‘é@ﬁl@rd%lo)‘txdn%ﬁt'ﬂdn@&lc%@%ﬂ&iucﬁag RefiRncibd ofBbRYz al | ons
t hese i nprovenents whil e saving wasteful power usage required in prior

devi ces. 3Qooki ng atsrraterad e pRovewpggesterhdimenpsions of adjgcepiaerpaels ardier adiacevpl i ed
in creating a nmucB,Jab8hs CalMPA-E e fiaR SPRISK ﬂg@ﬁ tpUt

Al so, enbodi ments di scl osaed her el ?1 cagﬁgnﬁﬂ%‘gﬁ rel ?ggﬂédéﬁ srnatv g
‘single ended pl andiffereatimlytfram thesei notionh afithadisplyass pesiteellpd bswtho casidyctive

coil interacting with the strong magnetic force.
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Turning now to FIGs. 24 and 25, while a transducer in many enbodi ments

di scl osed above can produce a very w de bandw dth w t hout the requirenent

of a sepawel®dsrce for operating into the very highest fpaguepeigs of 20
the treble/tweeter range, in sone enbodi nents the perfornmance can be

i nproved, particularly in dispersion of the upper frequencies, by adding a
smal | er tweeter enbodi Inegempaidn vath prioeddvives nhe @ndetinbarea®owomprigng ar ger | ow
frequency range er j iavention. ., Embodi nent.s dj scl osed
above can further Be %‘gﬁ}%ﬁ"%’%&{%ﬁ%‘?%ﬂ g%de@%m F“é'ﬁ?nythee?n%n(?%s’lq\g/éajg‘ieﬂgt?‘%-ended
pl anar - magneti c t wégs ef th2 Facekenfiticembgnats 355¢.s Iratht dlustrat@lirenbetiinent ottyrnand of

substantially w der, ndw dt h .t han prijor single ed anar - netic

.| oudspeaker desi gﬁgr '?%rne alr%?fneprlolfese‘aﬁlé%&métgr.m egsg‘ggiaﬂ‘bg%%éngé’r?ﬁng%’feﬁent to an
approxi mafely 2" lym 2t thefoarseigeerThis e beasfonnb bk ae adianayectairdgihént be

bel ow | kHz, and b |OV¥§EV§£} 6,00%2 IS .g.ossi.ﬁl e. The hi, hfr,e%ue,ncy bandw dt h
.can extend to beydSH BORMIPORNS MARUAIZIIE GHH Broson ighefdRiepsits HOTiensRfdhs b e.
This extension infie@ndhidleMbbEmemi FIGI208H0 WA p&isiBle LA RYUGITHRY 2
sensitivity of 87 to over 92dB while at the sane tine having | ess than one

tenth the surfaceHugivsraggsithat cayldbe emplowed gvitly thgembodispng shontipEi-er s known
to the inventors, §f which the smallest tend to be on the order of over 30"
| ong by 1,25" wide and have sensitivities of 86dB or less. 46 WO

02/ (1(i 3%%2 PCT/ US02/ OIS ¥5 showissp emiedisent of the inyention whespipacinglesndadc, 4, for
exanpl e, a tweet eplaeiHRdh iR anSRBe1BY Radh ALY sl 5 on the
order of 1.5" by E.a25"', and taﬁe n%gneta_structluresg%ﬁ?gg%%ggﬁ rdggm%m gap 31
can be | ess than OorEmgsupnogisgretpte\dOithat ingkades @@ or moe. I8GmhsuppertyEruchikdss
device is val uabl gsj D4¥BEWH j: Gak] r egen a

si ngl e-ended pl anar - magggti %R&l‘ad\%%?g&g?@gc ?\?gﬁ‘)&}gg‘gﬁgpgge ?tﬁélfct% on in the
past, such as in daplyagiil.eAswiththesydbbdiments dudctibedabdieathearadsdacare t heat er
and now hgne ster sie wi_de- band . Super di.o CDs,.ar.e capabl e of
S0k Hy bait dt he. BRsRESL RS Badl () AR DR e e s les of

t he enbodi ments otouple@$ th2 4noanmtihgAnpmatstdOueBer Aligphfaged lhrbwiehHEacdiz t o over
50kHz providi ng exenpl ormance..in a devi,ce that,can 0 have the
advant age of |ow B%@?I?Sa{?%ﬁ@féof rSB?“ierslﬁen‘Baera&H’ t(IEF g‘éﬂfgigip qlsé%"ﬁf’)gL B! es

appl i cation of pl magictioagreaird. CTIEppkaAEs Mcundng§faterpbrtidn pAK aNRE be C speaker
systemusing ultrasonjc em ssions to generate audi o output. This
application is t h%epg'iﬂk’j %t@fheﬁﬁ{ft‘ reggs Sg%‘ﬁ’éroé%“ ‘ﬁ’df‘@ﬁ@tegﬁt@? Preyurting §eppogy, s. / PCT
15 Seri a0 Nos. , dhicaipe30. DoEdateraNeuppd® 2ichinéliseomtetiddl &t 4nd BStwlcBethe RheratWhi ch
are hereby incorporate nd wi.ll not be discussed in detail

d fg‘ﬁ reference, 0?
herein. Again wit FFICBRP AT PAEIHE PPIERDS of noyptingsupporpifpicireaifacivbdhat a0t can

be optim zed for Highess the RAFEEAESST @i region 28l of RaghtaghLAS I GAQIHT ansducer
1001f 20 which is optimzed to operate down to a | ower frequency than that

d ( . .

of the first tran&Htl&rsubtremepipnditieistactare i if prayhich euspdsaneyardy t h t he
mul tiway | oudspeakgiond the sHREr goRdnd dTRIY sé@bes 18 8rdiRatd AR 2R SHpsH ARSOVEr
filter (not shown) and can include a crossover network for ‘driving the
first antf second FRBAKUBEPOrLItrucHE o furgheplraeq i eainstige defemingefistol A
separate power anphifeti€httrhd¥Bh fsEQWRY AARIES th Qa%hﬁl%i ind Ne hi gh
frequency signal t‘oéteﬁe trweet er 10_0tng(2:t§g9be pr ovtiﬁic)ard.e T ercelspg{l/ngtal so be a
| ow pass filters gisgrcesAdrveenibppdiacent magnts Haish, and dduetscyndicrusingducer
1001f and a separ gideroAHb it e ih@frid B nlANRlg JbEHHEREYrel S0 IHRlency TN
el ectronic inplenentation of the Schene can be in one of the Varlodus other
ways known to thowdensioninged thediapheagmr2d. 30 Wth reference to FIG 25, the
hi gh fregency tweetergpofkl _ can be integrated
into theﬂ?oot print of Etlﬁ'e[(f %5}11?8'%rglf'qﬂﬁ)%ﬁ&r‘%ﬁEgﬁgg’%g)%%&gi)dﬁp Tﬁ%ﬂ’.ﬁcﬁﬁtosuch a
"singl e-ended pl anatacimaggidicbeering atmstiure 87 totthembwemi eupparte@udsiire B0.ZRe a porti on
of the diaphragm 21, and the snmaller.tweeter magnetic.structure 3 is on
the sane ode of (8 cBBUne ARl sBinR KPR ERs D nghberes Ty

and closed areas 39. The cover would substantially cover the second surface side

22 of diaphragm 21. Again, the magnetic structure 35 is mounted to the
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WO 02/11G3922 PCT/ USU2/ 111757 structure 351f. In another enbodi nent, the
tweeter portion 100t can have its own separate di aphragm pl aced on the
opposi t e waagtdehi nd the device in the figure) fromthe lpgidgozeizgphr agm
21. Fromthe forgoing it will be appreciated that many probl ens and
solutions in accordance with the invention ate involved in the

i ncorporation of moghteg se;martgyummgﬁ@ami nhntrarisdgdeeise)ﬂwedisq)stimﬁiarto thagoiet i ¢

transducers. Parti l.arl in 0 | ONnn. f neodym um 0 or nore
times stronger t hgﬁé{r‘}géﬂ‘}e’?‘gse Sigeif(f/reus Y %f%reﬁg’é%ﬁ%f a4 magneti c
| oudspeakers whi chad&avalsﬁ@ttranslkbe@ﬂy ahlgzen tthe dievddistrhdtare b @vfgurthuedistt hey have

been avail able for over _ten ears er fort s of atterrpts at
effective appli cag’?%lﬂgocgfheé’? gine %W&‘Eff Bt grf’! '}/‘F\é al?’ﬁ BPEnhaye

been subsganti al | y JonsLeRSS {tubts OMPMteCial daye. part| cularly i n the
| arge-growt h areas of gsurround-sound and _aut Eﬂrﬁ“ ve apErI i cations where the
‘hi gh out puts and smal | B¢ "gidcoyerng stucipre 5 can furthen he npds fro TPWS) t needs but

her et of ore unavai t@RpRitiod Baich B%%[Heb fBed& MR ishieRinRY ThiGhbfidd gg! osed
enbodi nents has not only sol ved the probl ens of incorporation of high

ener gy neodyni um hﬁbﬁiﬂétnépoi“ﬁnta’a%licnglliéwb‘??d@dlgﬁl’eawd‘&?ﬁfgw&‘1Vt§h high pacagicer , it
has opened many Wgysne Qnﬁﬁw Blo&Y 6 ia gh@kﬂ;’-&%%@%@@ﬂ%ﬂn&dcﬁhs Hideo

si ngl e-ended pl anar “nmagneti ¢ [ oudspeaker architecture hat architecture
can now thal | engemohitor| Hrigs dmbreelmebﬁewe@ly}'\timweef@rﬁéhfttyp%wle@lﬁdﬁqmaker Wi th

bot h performance %ﬁ;ﬁg Besi des
of fering a conpet ?C% %%c a gﬁlagt%q‘gtt‘tgﬁgmgg%}& ﬁtlég&t ogyﬁgﬁggynam C

cone speakers, thend proadd approxofdiey 4 dBelﬁladtlitirma’mfﬁne@Wupwflmmnﬁbe over prior
attenpts at flat- E% Sgucgpl anar | oudspeaker designs. Those skilled in the art

i n possession of I'scl osure may now make 25 nunerous ot her
nodi fi cations of, and Rhquramgmﬁﬁ i 5,0l laltei*aes@pmwucmra:uﬁa@frthisumbmnhent

technlqu herei n_di c 128 t depar fro i ve concepts.
is toF%e under%?o ﬁ‘bag Wheépgk)l(?vrge g mggléémgs °68x g ernative
arrangerrents are ﬁ)snellﬁttlbd: Wwoktof k¢l \oe other tbﬂﬁ@lsa]mndll(lfalu)Oﬂascsf)adehapsﬁfbalnds pl es of
the present inventjop. Thus, . pwhile he sent i nvent i as, been shown in
the 50°dr awi ngs. ahts Fpryded  hegabesabetRErh Hs e o g s a0kt ol | | 1
connection W th Wedlerdd by @a&eidsh Ma@egesmhmg)pxbperﬁé@eaﬂmpﬁtthdoraa@rtcmadhe and

preferred enbodi rrents of the invention, it wll be apparent to those of
ordinary skill in %%@SW“@W%W&&@%&H%W%@ME% be nade wit hout

departingg fromthe priTyekddt@smAL gn&@@ﬂﬂh@nssﬁhlcﬁ ﬁwefhoh%ee uhli2M hhédant he
spirit and scope of the ~8 /0C3922 PCT/ LJS02/017,7 iinvention. The

di scl osure set foHtMicApbYaslE §n"ﬁ6f’laf‘?ft%@‘t‘f tragsqyisers, can be Pfgﬂ tWatkhe scope of
the invention, whijghfts SelibReg Vet e ARPSNFALNEH e InBEIymivhH magnets

while avoiding the significant problems mentioned that can arise from their

application in devices of this type.

25 Referring now to FIGs. 17a,b, other issues related 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 driven conductive region 26 and the termination point 21a. This

30 undriven and/or termination area 20b can 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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WO U2/11G3122 CLAIMS A pl anar-magnetic transducer conpri sing:
PCT/11SU2/ 111757 at | east one thin filmvibratable diaphragmwith a first

surface sweanapshe 5 second surface side, including a pregdeqaidshppdyactive
region, said predeterm ned active region including a predeterm ned

conductl ve surface area for converting an input electrical signal into a
correspondi ng acoustigating thepaanomplids tradammthe diepliregns by epplyinga viseobsidi ng at

| east three el ong R rallel to
each other with sa{i’:i Hgﬁ]ag%g&tgﬁﬁ% %@%*)R%?glj as@ﬂog’rrt goé%ﬂ %h@“%%l\%?lng

ener gy product of 2d4b efthevibtatebie ctiai)hmgg)aZIGatma bOpreftrabdistoapply this matatidls i n
strong interactio i n adj acent and a .nmun

.structure coupl ed%f%%fmte&wﬂodn%rema '?l ¢ s‘%ef%%'f u?“é‘“%{‘va r?gh(g’ gggﬁﬁ?’éﬁm to
capture the di aphrdmglragxholltdlas beemﬁouadmaedexoﬁ{smffaadeﬁtaadmmig dvetigi on and
space it at predetermned distanci n from e pr 5 structure
-adj acent one of t HBomBakey %(B'ie %‘V&%‘gmé ?‘?Péecd‘i g%fﬁ'ﬁ]lméaﬁ?@%cti’)ﬁﬁﬁ@t?(\?@ sur f ace
area including el mg@me@pla@u@msweopme portibhl BNhe Giaphilgh Baingddohdudaas al 1 el to
sai d magnets; the rmug{ l%q;tructure the at | east three nagnets of
the primary magnefeas ?‘@8"(‘ 8?‘@‘ PHEMISIBK A BREMSAIAGE S5y O FRshed

conposi tions and mermida@fq&mﬁawsmme99nforﬁ'éfn§9dlﬁleﬂtM@eﬁbamed in
predeterm ned spaced apart rel'ationships wherein (i) the nmounting support

struct ur & st abi | | Z#ous Jamping prateaalA0iwhich compripes asplyertdased plyrrethang he
predet er m ned ten%bﬁﬁbu%hﬁmleamaﬁpﬁﬁg’ﬁbhﬁamﬁé dlamaéae&awq)%@maékﬁnded

perl ods of use, despl te occurrence ynam C conditions in response to

extreme high ener @91y{5tb}‘1é'éﬁ§aldﬁthawer@5¥‘h§hﬁl%ﬂ visgeHstdemping imatepials phat haves and
(ii) the high eneygy, JRARE ‘i{n%pérﬁ/’ocfﬁ% éﬁl&%ﬁ %}“Bﬁg sB&4 :Q%S@eété}miad)l east three

magnets do not int erfere. term ned tensi on-of I aphragm
sai d pl anar - magnetwoeldtaisarbsd@ﬂéwleldequnlgam@dh@l\@ taps havisg nybeueadtesivpbanar

et el Wt ha>S0° fequfe ool ARAAAIREDRNA B ALANRINGED PR PGl frllbldy | 0 L &0 T

nar - magnetic
transducer as set diaphragm mteuhlaoﬁwﬂdxanhmgm materings dmu@rbeanbzegysumagmet S are

neodym um magnets_w t 13! tmg of at least 34 n30 511 WO
112/ U( 3922 PCT/ Usﬂéyflfjﬁ@y%r LSMT( nar-rragnetl c transducer as set forth in

claim1l1, wherein the Whilethe dlaphragm 21 mass increase impact of this damping approach
does 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 each 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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at least one thin filmvibratabl e diaphragmincludes a predeterm ned active
region of |less than 150 square inches, said predeterm ned active region

i ncl udi ngw® m/opseglet er m ned conductive surface area for cogqaidohigrst he

i nput electrical signal into the correspondi ng acoustic output having an
upper audi o bandwi dt h extending down to a | ow range audi o frequency. 5. A
pl anar - magnet i c t idividaladongatsd sendustivietrnsi2d ixdisionsdionthefilst surised. Gronpensducer

di aphr agm has a Vp{f hillise g 7809 3n LisMIRBRR Ahed: S50 vd hifgyency 10
representing approximately the |l owest potential cuto requency of
operation, the vioptianizdd by havieg thereft irdwebt painst ioedchfgragud oy, tefseppaedt | on of
t he pl anar nagnet| [ L ng,into e unigue.ran Fr <
.(2000/ A) wherein i(%‘%o{l@%ztgtﬁésa%tﬁﬁ%%ft %ahgaglﬁémuglowoélégﬁ %te (?Fr P%‘qeg%né(?{'/erbf t he
transducexr 15 in Eehtgouwpnd fquhjuns (mbwiatddevith, iidadeatoled oasreapaaf oftaliacdnt ansducer

di aphragm i n square_ inc 6. A Rplanar- ti.c trans er setf forth in
‘cl ai m 4 wher ei n: ?%nﬁgtoggﬁgeﬁeﬁég?la'ﬁy5%%1‘)3%&‘?h "ém\tt/F@SQ? ég’dg'?%‘aoéthﬂ a
centered gap bet weadudtive ragiopn 26,iace Rlapted tolbeeleartidally@nakiciide agiudiceagidl ed at
the center of the 20 (d5i ragm said. transducer has a fundanental resonant

h .
frequency represefftf5§° %E?JY%’Q‘FW%FV“E ﬂ%“al?sovﬂ%?fmlﬂ R348 assherpkargaddquency

of operation, andatiabigneti Bricdrédd 1 i9he SuteisbriicWVeTHMe deticOdréa 15 S&ldﬁ@@tg/ of
operation of the lang; magneti c transducer are _in the range of 25 Fr < (

1500/ ' ~AYG) wher eTHeQ BY yhesqudictive 15gions and dmeameambodimsais preferably depesd of t he
transducer in Hergyza difbué @m;ﬁ%&(ﬁkcﬁuﬁl hedhREAPARIRIs ARt figt ri@asducer

di aphragm i n square inches a G equal s the magnet to di aphragm gap
nmeasured in mlli#dtldbs at the center of the transducer di aphragm 30 7. A

pl anar - magneti ¢ transdyebil 8smpfks Jl%ﬁnmicenﬂcﬁ@épg%o%mrvﬂh& arﬁ%ita(éhédrt@nsducer

di aphragm has a vi bratable area and a centered g etween the nmagnetic

structure and t hethaifiaphingm i rrempusiegiP B fimdycemeserinking pplgmgi adberivegm 51
WO 112/ 1 3) 22 Pcazhy%fge,%&acl&rwerfaﬁ'cqn bd ARSAMEL s Rafe @sd HRHFTEM e F ESONAN

frequency representin
used, and the diaphragm film, but the combination given has been found to work

well and serves as an example combination.
Tuming now to FIG. 18, a further advantage that can be gained in a
single-ended planar-magnetic transducer where high energy magnets are used is .
20 illustrated. A variable gap 31 between the magnet 35 faces and the diaphragm 21
allows more diaphragm excursion. The diaphragm has a central region 20c
including the diaphragm region adjacent a central magnet 35a and lateral, that is
to say, laterally more remote regions 21d that are a distance away from said
central region 20c. The magnetic structure 35 has adjacent and lateral magnets
25 35b through 35e that are adjacent and more distance away from said central
magnet 35a. The gap 31 between the diaphragm and the magnets of the magnetic
structure 35 is greater at the central region 2 1c of the diaphragm which is
positioned over at least one central magnet 35a, than at the remotc diaphragm
regions 21d which are positioned over one or more lateral, or more remote,
30 magnets 35b and 35¢ and/or 35d 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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approxi mately the |owest potential cutoff frequency of operation, and the
vi brat abl e area and | owest cutoff frequency of operation of the pl anar

magneti c fesyeer are in the range of 5 Fr < (1 1000/ A Gpch&oShivsé Fr)
qual S thgb?ian)darrent al resonant frequency of the transducer In Hertz and

(A) equals the vibratable area of the transducer diaphragmin square inches

nd (G equals th t l.aphr.agm.ga asured in mllinmeters at the
2ent (er ) of qt he t raﬁ%%g%gﬁs'dw%ﬂ?%‘grwm‘%dt }gs B?fg‘&?'ﬁﬁdmtﬁﬁ%?ﬂé‘tqoﬁsnwméucer as
set forth in cl ai widtintetaghdtic complitly towars diceier BbARAE AUM BaSIRMy AL 20! e
area with a length aﬁd . Wi dth di nensj on wherein the width dinmension is the
| essor of the | endt® aﬁg’al\%" X iyi5s This apsisty inphtamingathe lagasr everall

fundament al r esonardurdisredl dReMral oSS ENt i Ng 15 approxi mately the | owest
potential .cutoff frequency of operation, and the width of the vibratable
area and fowest cut offFIICP-éq‘UBW@ s gothys embediventshowsan adilitineal amhgnet i ¢

‘transducer are incdBgatibRAG6roMh ierem the DRI Mom ShRed fl0)coggual s, t he
f undanent al resongnt&}lr qugrr?cy oferqt heegjr ans%fggw{? [ nel-gr t2 rﬁ%fsfl\/\_) equal s
wi dth di mensi on ofeagtioee {imbfila wbrriabladisghiogmi evithradfivsidudere slcﬂeamrazmgmelr gi )
inches. 9. A pl angéconPaiild § a [ : . n. I m :
said t ransducgr di@%ghr a mééhsgdsétziaz’ @?%ﬁ%ﬁg@@egﬁﬁéﬁ#xﬂe 'ggl\(/)mga?hAd’i.’%ﬁéc’! on | ess
than a | ength di néfsiunls peludingatleashthrhecentraf deepéraind haspaatiyaly mbraensi on

bet ween e magnet,i r L aphr agm an i d p.di mension
rreasuredié;t the c %»fegiri}l éﬂtu g[]tie#eﬁa’i%{aggh%%grrhg&ggﬁm a?‘?%ﬁ%&g@?”%&? Ogﬁef%ndarrent al
resonant frequencynergpspweided.ng approxi mately the | owest potential cutoff

frequency of operation 30.the width of the vibratable area and | owest
cut gff frequency of op%sr‘gti%ﬁo%’ler? téOdH?eé}FféLq'H%‘r‘?gtcﬂg‘f? EFEE PO i n t he
range of Fr < (80Whey thestport siduil2 Ay It hIEPhs Bethl 19Pkdvaded d i return path

between the magnets and more energy of the magnetic structure 35 is made
15 available than would be the case if all were of the same polarity.

The magnetic structure 35 has five adjacent rows of magnets 35a-e, with
at least an outer two rows of the magnets 35d and 35e being of lower total
energy, by reason of being smaller, particularly, by being less deep, or by reason
of being of less energy density. The outer rows thus provide less magnetic field

20 strength than provided by a center row of the magnets 35a. This concept can be
quite valuable when optimizing high energy, i.e. greater than 25 mGO, magnets
in a single-endcd 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 Jjust the central magnet 35a
is doubled in energy 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 amount, 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 encrgy
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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wherein (Fr) equals the fundamental resonant frequency of the transducer 5
in Hertz and (W equals w dth di nension of the vibratable area of the

t ransduceywodizagfyragm i n i nches and (G equal s the magnet t&@@%{ﬁgm gap
measured in mllinmeters at the center of the transducer diaphragm 10. A

pl anar - magnetic transducer as set forth in claim4 wherein the

predeterm ned actiye, di aphragmregion has a total surface area of |ess than
| 00 square i nches d12Phragmcpmysad tofagPHSMEs, MaKsacIsden-gensEapedassasn in clai m 4
wherein the 10 pr qUglefrdlbperkadiink ik ;ﬁiafa&km&wﬁ@gr%eshﬁﬁh@c&@} Aagrilr face
area of |ess than 80 scluare Inches. 12. A planar-magnetic transducer as set
forth in claima4 Whesshavingdespeneagst ia roisrgoing-utyard taashthe agiemosyinegnetsas a
.total surface are e iJie i ating
Fesonant 1 requency o™ Baant BaRu A0SR HE A sh el T o R e "B
set forth3in clai of the nagedtaig badess Hrogivenprtavgtic dEdemsmt Abd elgodtisy of | ess
‘than 300 Hz. 14. r--{m?p j Fi @ th inclaimi4
wherein the prede:tgsér%ﬁ%&wac |\%Jedagllegé‘ﬁ?ﬁ%ﬁ&%ﬁ%?‘%ﬁ%@lé@% otal surface area
of | ess than 20 squar eThinghgmg\field seetpivappgoaain canpef atirsadenssbnigndifféresquency
of less than 400 g .S | anar - nagnetic transd r.as set forth in .
clai m 14 having aﬁl_gr%&%tb%&s'g t|BIne§ F lggﬁenngaﬁPetf’rag ﬁaennceﬁsgrfleb"lte SEVPIRAR Y350 Hz. 16.
A pl anar - magnet i ¢ For eamgiecianhaitiusated fembbddiment thd teansduéerD@ caai be chifizuldl

pr edet er nj, ned activ&tdig hragm rg i on has f]gtOtal surface, area ?f | ess than
9 square I nches Wit M8 ARV ARC %@gﬁett?‘ﬁﬁo S ??‘&E‘B’rﬁ’?‘)f’eﬁtfaless t han
900 Hz. 17. A lol aﬁ‘fagndm.gi?eiﬁeﬁlgtdfm&dﬂﬁ&rgy,%d%%rxﬁa@grie}% 3|ga,e¢>bia'g|6114wfswther f
conprising a pluralit said tr ucers intercoupled as a |ine source o
serial |y mounted F?eéff‘?gd‘&lfléf erﬁ?ﬁeéﬁp]fscﬁr fﬁ’ég’l%ﬁéiﬁ’éea‘??éf’em%"’r“i@r"’pl’lf‘?gr\“ one
transducer. 18. AofheddbaibiniBgmeitcteih AIRMELHeGRRheRMat Bl Bt halitt S50 bd
further 30 conpri s'b\,ggs at | east, one spacer ,structure positioned and abutting

between at |east Wk FUPEY BFOTdingR S%‘H%f‘ﬁ‘ﬁt_i%rf@{i% 067 Yith Heianee AR ef f ect
of magnefsc attragieicemra-giosE@egibh OMPRIRMeA! A exaBPIGE BE cbRBinRicade Rr M ned
di stance between at | east two of the hl[gh energy_%ets so the high energy
magnetic forces deonserts jliysteateddp E1G§ 118 andh 19, 35 dhyaindn FiGh el - Adtaling magifetie he

di aphragm 53  VWQ,Q2k (539 %2 RrehleW Bl UikbAset fibsh th DAbst TRERES!
transducer as set forth in cl_aigm 1 wher el %Et he_pr_te_g\g@g?ir?%set %F%?%%ce
between at | east &ngbalsra cloper diapharashto ragget sepdt isyutitieagraé gesater lateral

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 magnet 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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Is at | east seventy five thousandths of an inch. 20. A planar-nmagnetic
transducer as set forth in claim1 wherein the 5 predeterm ned di stance

bet ween afyolBagiss Wo of the adjacent high energy magnets iP‘(“:’l‘?ﬁsoklﬁ?ﬁ’i ni nety
t housandt hs of an inch. 21. A planar-magnetic transducer as set forth in

claim1 wherein the 10 15 predeterm ned di stance between at |east two of
t he adj acent high ener gy nets is. at |east one, hundrgg and fifty

A
t housandt hs of an inch. %?Pegﬁe’ﬂ%??a’rngwgwﬁeeerw%we aga o ggiongpth j n

claim1 wherein atdetreasiy gayBis@hceltitv R HRGRIEhethAENh&HapIINeniBONehSodGY e
common di mensi ons and the predeterm ned di stance therebetween i s at |east

one hal f the widt A@#tabndiapragm al aragsregions gan proydemare agenstieal eificiepes ducer

-as set forth in chginmh lermyOEhsie) ubd) Gndh @H& be Mk Edud f5f AR6& Rfghieeen the at
| east two high energy nmagnets i'S at | east seventy percent of the w dth of

one of the at | eaddorequsr avnptimizingalgn e seastamouny of masest cor grrendibie, mathsducer

‘as set forth in cha : - LSt bet ween
at | east two of t#géhamgjgrg}é}eqﬁgﬁe% gdttgdeer%glflg%asgﬁgggsﬁgﬁg#g ae%é’?’ O%gga%percent of

the wi dth of one ofovideserfornagesslevelsnirtendy aoechievatdewish 8 equbmaguetics all
I - tict ' ' ' . ti
planar-magneti c %?r%?sClﬁ&@&s&’nﬁfﬁggmﬁ Qﬁé%érngalgrh%ggﬂrl%wm\t("ﬂ.‘?! c%h@egi L‘zﬁmq”%“” 'ng

support structure turther 1nc s 'for structure coupled to the
mount i ng support digheoengy eagmets ofgreated thag 2 S oGS andaaven profevablydgredtertting

di aphragmto elim t effect of conbi ned di.aphragm t.ension forces and
magnet i crﬂét tracti Sﬁg%g‘r‘g'rgg)’ F%aemﬁ)% BRENA ‘F?a’rs‘é"c?ﬁ@?'ﬁan @ﬁtec’fﬁp%sé’f%er'm ned

di stance bet ween tchéedapdinacaagneticgaistiwers26. A pl anar-magneti c transducer as
set forth in claiml fyrther co [ Sing;,a rigid.cqvering structure
attached to the rmunti%tt}gﬁ%rp%‘ictqgﬂ(?ﬁgtﬁpeé‘ a&ﬁ%"@dnﬁ‘a‘i?ﬂ%%@ﬁﬁﬂ‘cﬁpé'as and

cl osed areas whi cRinglelkadapldnal-mygrReY Glins@iRr ®hastabflfouhd by thelinve@eRAght gur f ace

sides of the diaphragm the primary nmagnetic strycture being attached to
t he mounti ng suppgff?cgﬁ%@ieﬂggesﬁ?&pﬁﬁﬁﬁ’t‘gﬂ‘ is {(pughtip, thepripiart e be QUi si de of

the di aphsagm saiafvaa@yesus NOhis bifibied dbsRn AFRGach iSAGstARY i Hg36 OUFhér6in a
transparency. S-t planar-magnetic transducer 100 comprising at least one thin film vibratable
diaphragm 21, with a first surface side 22 and a second surface side 23, includes a
predetermined active region 25 and the active region including predetermined
conductive surface areas 26 for converting an input electrical signal into a
20 corresponding acoustic output. The conductive surface areas 26 including
elongate conductive paths 27 running substantially in parallel with said magnets
35athrough 35e. A mounting support structure 30 is coupled to the magnetic
structure 35 and the diaphragm 21 to capture the diaphragm, hold it in a
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 35c¢, placed adjacent and substantially parallel to each other
with each magnet having a material energy density of greater than 25 mega Gauss
Oersteds 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 structure 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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WO 02/ 0G3922 PCT/ US02/ 01757 27. A planar-nmagnetic transducer as set forth
in claim27 wherein said rigid covering structure is ferrous conposition
and proviwes/sg@eeti ¢ shielding. 28. A planar-magnetic trapgiuesn3s set
forth in claim?27 wherein said rigid covering structure braces the
transducer agai nst support structure flexing 5 and very hi gh nmagnetic

forces caused by the. adj.acently. mgunt ed high energy magnets and supports
t he mai nt enance ofeq?ﬂo@gb‘? g Wﬁ’?ﬁé‘&g&aéﬂﬁ%{&rﬂgﬂtwaﬁ?ﬂg&ﬁ% bave gen-shaeed, A

pl anar - magneti c t a5 eREnaR 166k 40 ptdiertd 1] 19éaNobp \WORIRERy Makifaggti®r M
viscous material is agplled al ong _at |east a portion of a periphery of the

10 vi brat abl e di apRI2 Prf'éﬁﬂial%}&fﬁﬁﬁb?”ééfhtaf?rﬁffPG?/ti"Gb’ geRtRs g 2p FUPBr Y48 to the

.di aphragm 30. A phadtPdrefIRinhL7 I 4t ARGHMESIsitRdR befleed ME hiljadedt QiR 30
wherein application of sard viscous material is limted to an area outside
of the conducti vec¥eRdingaong edatsdmagnatic iapp of fegesphdivaadipeeat polsgiimtheof t he

‘di aphragm 15 31. ,AnpleRalinpRat sl C The ?191%’- Iﬁgtﬁ:ﬁraﬁ?cfuc%qg)é B oiRQraﬁlle% ;n 30

wherein application of sald viscous materia Imte o0 an area of the
di aphr agm out si desiaglg-epdashlanat-magnstiatrinsdecer.ow of magnets on each side of

the primary magnetic Skinghul g Uk GHLeIBuhLR sLBexR bl Subfgiion of the

di aphragm 32. A pl anar-nagnet’i ¢ transducer as in®clai m 31,
wherein 20 sai d visdspeskensltare taaphtitlss macsug] of diret mdgmsts deryologeirogéthane conpound.

33. A pl gnar-nmagnet. ¢ transducer set_fqrth.d aim 1l wherein: said
di aphr ag%?has a cgénhtleﬁlgla ré‘%‘?‘g‘%\ﬁgh"aglloﬁ? ctgsfeﬁigi lllg%l:dc:%&‘lsr?ﬁcgi%ercgn ®di stance away
from said central subsghidally ispiostedgonanhyn adupriag 4 propérrusediigh detyaephatal

regi on magnets and | ateral 25 magnet.s that are spaced away .fr.om said

central region naﬁhaé’f%r,gmicﬁg’"grﬂéed&eé’bmr%@ﬁp%cbl’&g‘%‘?’&'ﬁgf’tna?’ﬁgd? Fhﬁﬁ%‘i‘?f“bo“of t he

di aphragm from t heo tiaghefied efenigtheappliddratithy disphraginiby tsd 1644¢ todpE€ateé &gh gr eat er

at the central region of the diaphra mvx/n'hch IS ogiti oned over aé | east
g et q e

one central magneMaEPFAR of grepigEmpghetic shergy; thyy gapgsatelsd betye

posi tiongsl over aiwd Egstn@Remh@eR] AhunitRESRidvantbheSdre dériRdanas ymgnetic
transducer as set forth in claim1 wherein at least a first of the
transducers is opfitbyied fieldplipyyihe pseral &y magads white achicvippawch bigher | east a

second of the trapsps thas hfpriehart. STIRRE WSS of Be BRRALAIVE ntRWA 0 @ | Over
frequency than that of said first transducer thereby formng a nultiway 55

. . y .
WO 112/ OC3' | 22 Péiphusg 2 i sarisisughidreaeir sffectively & haye isweapdicsivieiapeaker
further incl udi ngp@hudifPditectiriVe 30 1R AZPhAEASPRY Bbinf dehfefilt bbWeeflihk Vi N9 sai d

first transducer. ‘ o
20 magnets 35. This redistribution of the conductive 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 to magnet spacing to 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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35. A planar-magnetic transducer conprising: at least one thin film

vi br at abl e di aphr

agmwith a first surface side and a 5 second surface side,

i ncl udi ngw® @reshat er m ned active regi on, said predeterm neg¢TagobMersk €9i on
including a predeterm ned conductive surface area for converting an input

el ectrical signal
structure includi

into a correspondi ng acoustic output; a nagnetic

- eaqst .t el.ongat e net .0 aced, ad| acent
and substanti al | yﬂg%%gf# ‘ézﬁuctsén g%glﬁnso?tr%@gmvw ?’h{l’r‘ggﬁf W&b%ﬁq}géh@éséﬂd%')& bei ng of
hi gh ener gy produet ingh &sdrairgap bawe@Bheregao®aubmagietsgleathan Athild erBAL i N

G Boor agm £ 0. capt G B PHERH EeDE SR ol HLOF ohareq ot cur ey ek ok bake. of
‘tensi on and space makinaim Rl tabsutio1e deslh 6¢ BV dugs hitarBuld & AVhilldbRY ¥ tEagNet i c

structure_adj acen
conducti v& surfac

‘substantially in
structure, the di
magneti c structur

t. one of the surfacg sides of the fi|lmdiaphragm 15 said
diaghragm copdugfarsggntered hepreen the maenets apdheplaneofthenni ng

ﬂx’éﬁl@héxﬁ‘.' 1t\0hit be sead Bhai RINBHIS arch Requi HAkdWI 9A BRROIE )
aphragm and the at |east three nmagnets of the prinmary

LoR SATERYMAHBER At HY 2brpudhe inesiedean] transggets dopedhat | vel y

configured and pOﬁMei_Qtﬂ@(ﬁWiﬂsl%ﬁ%h?Iﬂ%aﬂ@ 1§9@@%%§m5&c lsgg,&'ﬁaﬁ,i onshi ps

wherein (i) the mounting support struc

ure stabil es the atr ¢ and

dynani c rel ati onsH¢Rsndiag ot tipaef Ermtp megeatiiseddthessengrgy lesely wonald zendrally
structurgyover and,beLRaeR weklishteshoRfddodssof use and (ii) concurrently

resists the high
t hree magnets whi
tensi on of the di

as a singl e-ended

transducer as set

energy nagnetic forces interacting between the at | east
ch V\D%hoﬂ’n(m FEY. 8 sea graplacal eepresenitdtion bhithe pragukeic diehl 80ed

i r- e, transducer i,ng operabl e
SARLAR, o3l ol TUANEL L NS LS,
vértical haligs ig TeslanaBd thatherimintal vilaeshin frictionesfGy imehg e this

conpri se neodym u 7. | apar.- magneti c,transducer. set forth in claim
35 wherein the 30%?’3%‘heaﬁ%‘grga§spﬁ%"g‘%8 e b ’édrﬁée%n yeﬁq{?fﬁelﬁégﬁﬁoéis%ndmst n energy
rating of5 at | easincilatendB@ap Bweeh thd @adwsadmnagnis (the smschy eler widthvgdihesi ng; 5C

WO U2/ (113922 PCT/US02101757 at . | thin filmvi le di aph
with a(fi rst surfQ@%ﬂeéiltacémgﬁal%%{lyssgg‘gha&g%Pﬁ"%fé‘gloé’lpjaén’,eyéyﬁéﬁaehg{)ﬁg "%fln‘%% ream

pr edet er mi ned act

andehat @ galodiof dautd3 J5r ReR e BIS0NRGssa tidak Be se iHanthk Asdbiedi Ng a

redeterm ned conductive surface area for convertin n input electrical
gi gnal into a cor?@%‘ﬁ&ﬁ'ﬁﬁ% a%@aﬁ%"t Pﬁa?&ﬂfff’ﬁﬁ"tr,gy @aﬁ"ﬁﬁ\gﬁgﬁi’ﬁ @Eﬁﬁ‘ﬂrﬂt‘e structure

coupled to the pr
di aphrag{g hol d i

25

30

infig el g BYRSInbgheBlis MGEHEratadRE0 B9 6r THoaRRLAI MhisQInGaREdr € the
}he Iinrl'er?'tiv% rcgsc%;[)tg[)tnzltﬂi%(ijngstﬁeaée%dyq;ium magnet in an arrangement that
facilitates much broader lateral energy interaction with the plane of the
diaphragm 21 and with much greater force. This allows fewer magnets with
greater spacing and provides a more even drive to the diaphragm 21 across its
surface and more room for traces (coil turns) per magnet. The invention also
provides a much greater portion of the driving force to the diaphragm 2 1at
locations more overtop the magnets; 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 film diaphragm 21 at the points between
the magnets, and must pull the diaphragm 21 along passively at points over the
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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tension and space it at predeterm ned distancing fromthe primry nmagnetic
structure adjacent one of the surface sides of the filmdiaphragm and

prinmary na@Rlissv2structure including at |east three high gpengenelsengat ed

10 magnets pl aced adj acent and substantially parall el

each magnet having an energy product of greater than 25 nega Gauss
Cer st eds; e surface area.dncluding el ongate nducli ye paths
runni ng substantially i Hglﬂg#éléelnfequa%t? Eldis'gféda ?d{gdﬁ%qeé?g‘%ﬂtgg‘?%f fnﬁglogupport

structure,
magneti c structure bei coqgperatively configured d positioned jn
predet ernined s padf?a\sﬂﬁ SB%‘F’L“g ?lg"l ng’?%‘ﬁ?ﬁ%éﬁge‘, g&?g?%?ﬁ%ﬁmgwtséa? Eﬁ"‘ﬁ‘igb h
smagnet s bei ng adj asethal dan pAKE hitrddtdds that distert & HloRhiFgeppRAGatreB0ARY

sai d conduct |

to each other with

the di aphaggnraddcibhelatte plaesibnttand Geld Wera®pnepsmahtidniethpr | mar y

ener gy

rel ati onshi p wherein adgacent polesdgf t he adjacentQ%Rgnets have nonshar ed,

| ocal i zed® magnet i &FEEH

ith thecalustion @t B crieehiensionips ofghetiaruaenikasma

in a

‘pl ane of the di apRksigiiedbotd) Fh&appRABE Gldny Qlith bHBBlRA othBdu@uahar ed ener gy
maxi ma at a central position between the adjacent pol es and extendi ng al ong

a shared magnet i c 3PRIBAshes mentienedenspideustyy dlsepsesctbndiffisyltesf mainteiaingpl ane of t he
di aphragm sai d plansfii/ BARKhent JrARIHHAEE 3%&9%99%@%%@33@%&2@&%8

pl anar

25 magnetic transducer. 39. A ﬁ anar - magn

tic trans

e- ended
et

forth in clai m 38strygaise 89.nThepsopsr endeing tmenhenre sletipsabloop ghengy tvaseagh t ot al
f fol i j . tic
surface ggea o %gna,mg%oghgﬂg@mg e sngr@@ﬁm%grg%g)g%ggret@tg@gve HefBaifGPUSt

out put having an up

er audi h exten OW r

nge audi o

frequency. 30 40. magpitanaincesdlproblematicanterdctive forass tebreeh tretnmghets aldai m 38,

further conprisin
havi ng respective

gﬁegte? %1 Hﬁ%geg%ﬁ%leo Lﬁ%@cﬁ% ﬁ%mnle X}/,agegr? Iefdrllé) {&ﬁ%ilﬂ‘g?&aﬁz}% gy

oca ener X1 na, of

magnet s
| ocal

| oop ener gy maxi meombinédhwitiptha perfomandeadaingggby mogvidhasignificanbadyrmgmemdh ue

which is greater
of energy levels a

7 2/ 92 S(12/ 111757 .th
e s oo gl o

bet ween ¢orr espondicogiaadh widethis disoloauge aliovi the i:fmgr:amﬁ ot hi\%l:gxmg}sneoﬂﬁniuﬁ g
| anar - magneti c transducer, a et fqQrth in._clai.m 38, erein, the share
6 Xi e RS UnSLE ey 3P ey Brig i gpeim f gl

energy maxima i s fAB8

maxi ma.
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accordance with the prior art configuration discussed herein.

val ue
agm

Monergy 5

In the exemplary planar-magnetic transducer 100, high energy magnets 35

have respective local loop energy maxima 38, wherein the majority of local loop
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 35a
and 35b. Some preferred values for this optimization can be expressed as
preferred values wherein the shared energy maxima centered at a point 76
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. Still 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.,

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 optimization of this effect is

wherein the predetermined distance between the local loop energy maxima 38 for
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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 local |oop energy. 43. A
pl anar - magioakioe3gz ansducer as set forth in claim 38, whergigt/gdagofmar ed
energy is no greater than 75 percent of the |local |oop energy maxi ma. 10
44. A planar-magnetic transducer as set forth in claim38, wherein a

predet er m ned di st el 0, or adj acent
magnets is approxiaggl'(tegﬂtpl%m'@S P ‘%%ééegée\’%%f‘g tgglﬁsa%‘ﬁ%%%ﬁn - rerp\t/%}%n t he
correspondi ng adj axpémizaﬁtagmétlm effet.is vkhegrbianisr predegenmined distaacedeen thas set

forth in claim 44, |n the 15 det.er m ned di.stance .bet he | ocal
| oop energy maxi e’ o 8“ ea%ye[ﬁ?x'%ggngotr é‘gjflcsenla?’amgéﬁat QYIRS thp %E‘%Fén‘}

-t housandt hs of an ofamhmhd;ﬁiatkaglloaaamndmlgmetw&tiﬁ@d’tﬁﬁh@ﬁﬁﬂhs&ﬁ“aﬁﬂfchfOrth in
cl ai m 45, wher ein th redet erm ped .di st ance bet n the | ocal |oop energy
maxi ma i s°at | east' i ﬁﬁgf’?bcidﬁﬁﬁ’éﬁﬂ‘gisl’l%vef}tl‘vea?ﬁ“‘feﬁ&‘ﬁ\gefe sgd yherem B¢ anar - magnet i ¢
‘transducer as set pfametehnmeuasbtmceba&eméwcﬂ 18d}Eenlh, fgm&ﬁﬁmmﬁheusﬁro@nce

bet ween t he IocaI Ioo ?gﬁ&gxhga is at |east 0 percent of the width
of the magnets. catg thegtief pre aftherargnelesSas set forth in claim 38
wherein the pr edet erm m&hmmﬁwﬂmg alvamveeat&eﬁlé)@ém&@héa}{ ieno of the
at least three 25 a acent h energy magnets is at |east seventy five

t housandt hs of anPF E‘ﬁm‘%@{sl’% |aamela hiptdistance hetwerncay teigofthe atflaast h i n
cl ai m 38 tuher el n_tuhe: RERGR! SRTLAAY RRACCH ARAL-EhAN MRLLGLOBEIEE" any
two of the at | east three adJ acen energy magnets 1s a east ninety
t housandt hs of anifichcin sos@. Pfﬁfelmdaﬂmodmgﬁéhqmedetmwcldldmanmpmd afaptr t h i n
cl aim 38 wherein onshl bet ween at
| east two of the taétmmgggé) B&ﬁr%engqlgdj a(gfedrilé)&q%g' tﬁ]%%& aJeﬁ ﬁ fers 18 E'a 5{ | east
one hundred and fusfétt%astmwh@tsmﬂefofamlnchgnhevepStleasWre Huihd:/edmﬂm
PCT/US(12/017a 7 Hlus aparndpanetic transducer as set forth in claim38
wherein the at | east tﬂree adj acent, high energy magnets have common

di nensi oh% and the pr eﬂenlemmbmrbnlempakcwﬂmqmaadjaccm,lmgh areslyi maghat ween at | east

two of said adjac e i S ast one of one of the
adj acent magnets. @g ggﬁg' h ‘%“r?é‘@b‘e Flemipedy %%&tféé?“&‘!ﬁpéé&m‘?tm*Hm n claim
38, wherein the pﬂmcbetbeewmrwdlagx&meﬂalﬁtﬁamﬁdthef@ieldﬁﬂﬁhtljacélﬂimﬂ@% at | east
two of the at |east three a ace nets is at | east seventy
percent of the w ‘(“ﬁhef)f’ptBWé f’eg’ﬁ?cam ?8136‘31‘? ‘%&gﬁgém%‘w o sprciftedt etragnet i ¢
transducer as set lha I’sé\l%ntyrpefbkﬂloﬂ?‘tlﬁ&lﬂﬁiﬁf Bhdbfithemddde bLAQERT 1O PERent of
spaced-apart rel ation bet en at least two of the at |east three

b i
adj acent 2V hi gh- en&iegy) gﬂ e@a&f‘e‘Feast 100 percent of the width of one

of said adj acent nMagNekds beh PerfAmihReHen GP@RRIn: Forl dreis WeaBboPcesSLic Orth in
claim 38 wherein the a@égh energy nmagnets are_ neodym um naglnets Wth an
8

energy rating of Bf°fR¥Lrs8 161‘531??[&9"6gﬁcowuﬁ'du‘f?salf%?rfﬂ“aﬂﬁ)g prEgted- ended

pl anar - magneti c t EsHaGElNE BhthS PTIWHebGhgufhr bith Rrduplriis oqlb%PH{o?cgm podvbia @
first surface side and a second surface side and including a conductive

surface area for SOVRIKE AGXENY Hyptags|of thelocabloop maximgn dn opggrabagdiment
corres poﬁ'ﬁd' Ng acomgy tn R ed 0@tk 18dal io%ﬁssifor ﬁgmm ﬁ)%pchga%]ﬁlﬂg{tng a

predeterm ned active region; a high energy nmagnetic structur avi ng
suf fici ent nagnet With fiegnagneticifickls fiomthel maenetig steusiitre 3ur ed wi th respect to the

di aphragm to drive thengliiaRRLAGE &R ufd &Hmlﬁeﬂrﬁbb@{n Yool IBQHJ gptﬁrﬂg%gn, gydio

transducer; and

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 to 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 substantially 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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25 nmounting structure coupled to the diaphragmto hold the diaphragmin a
predeterm ned state of tension and at a predeterm ned di stancing fromthe
hi gh energp odmegeei i ¢ structure over an extended period of plpffRed/EsHdi Ng
peri ods of use and nonuse; said di aphragm havi ng i nproved performance
characteristics by using a 30 pol yet hyl enenapht hal ate film as a base

material for the m 5 a etic tr sduc as set forth
in claimb55, furtﬂétﬂ,@%& reaQnanoP [Taﬁ Hﬁ%@ S@‘@Fﬁ)‘@? PP eﬂﬂ%}ﬂ’r‘ hane
cross |inked adhegieater fhan thlmrminahgd sqa:ad: ifiehos] il w6l Beitigf les e ffitiedfsver mokhe il m
di aphragm 59  WO.(£12/ (13922 57. r-ma netic transducer conprising;
PCT/ USW2/ UL7~7 a Pﬁé’ﬁ"P?r?“Eﬂgdf‘%Fﬁ “&gj‘ Eﬁﬁnﬁ&* Dlagr GEnells HRERNCE Y & 1 bar
-surface and i ncl udécoglaeeowiftttiBidiseRsiee! fTae vakedriRndercah ®e bh@isdidndr agm by
a |l ow rrasS high te erature pol yur et hane cross |inked adhesive for

convertiny an i nptiEe ¥ldayet gonerafe ahigh arqusticiontpyt havingap appes Ao bandwistis i ¢
output, said at | easddi®@vai 8RR eREd Akided qa6nc3. predeterm ned active
region; a high energy nagnetic structure haV|ng sufficient magnetic field
strength and being confi a?féran@mawr}eﬂ@|2<9nwﬂxeaarawfv@edqd@dmna@mnagxm as a
si ngl e- ended audi inile AR LA A< RarTBLEL SHGLURE t he

di aphragm to hold the dia hrgpgmgé l ?)redet é{‘%atﬁ)g %H‘P gmtg(ri: and at
a predet er ni ned df%qcaﬁ%grﬁter QfﬁlélW@aedémjyolmnétlgltdmnmlﬁt®mtﬁ8 A

pl anar - mpgneti ¢ t pangAUERsHias ALbmhRhldhph r%ln?ﬂtéﬂa?%l p%?&%@e&&? fhgh energy
magnetic structure conprises neodym um r?agﬁ Bt ng of
at |least 34 n0 BlggneAc pludsmeakenslgn bednpolyestarstinddms, abajinowen mgizr tht | east one
thin filmvibrata h rfac second
surface side, i ncPL‘%f“%E‘?"g%ﬁg é}r mAﬁu{Li{aElg% OtSSHc}? €9 Eie' ‘%85%8”6?3@&8? er mi ned
active region i ncloudspagkess lps b@tmtreirammbedhedmﬂrdmzﬂmuﬁlmrbbﬂn@a_tlaheﬁihﬁeﬁ%s

output; primary nugB sE-ER G e iR Aoy Pediopliaer Mrplen B figet e
magnets pj aced ad]xmaemstea)ndysﬂhsﬁﬁpﬁra@ﬁ Ry ittt @uleed lok@r&ﬁﬁ&c@tﬂ}eﬁ Wlth at
| east one of said rracnﬁtn; bei n E@gh ener each. thaw ng an energy
product of great et t*h% E'goffﬂtj PRY Y Oéﬂﬂe"f@‘g&“r‘fﬁrﬁﬁﬁ & support

structure coupl edodtﬂxtuévelspnslemwomg,mﬁat}félﬁ{efdmcﬂl%ﬁd aaslidyNinid bR agm t o
in a edete mned state of tension and

capture the diaphr
space it at pr ede?ozg‘%}eﬁgﬁ“ g'i"é"t%‘f?éldﬁ‘ﬁ graRPeth Badyfoibadarge, reisnatse gensratedct ur e

adj acent one surf Raeover @ Ear@f aréd) Rsdehiniuid tﬁ&ﬂ’éﬂﬁfﬁhct?&'aﬂ ﬁ&HE{U&tshMﬂ? payr face

area including el opgate conductlve pat hs running 30 substantially in
par al | el Qith sai %tn Lﬁ% 1, and more limited i mmaxnmum output for a given surface

area. The mventors have found another thin-film material that has higher
temperature tolerance capability, but apparently, has not been applied to single-
ended planar-magnetic 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 herein 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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any of the at |east three adjacent nmagnets being oriented to be of opposite
polarity orientation in relation to an adjacent magnet; GO WD U2/11(3922

PCT/ US( 124%/glodfaésesmi d primary magnetic structure having at degasdoabivsee
adj acent rows of side by side magnets with at |east an outer two rows of

the at |l east three rows of magnets providing | ess magnetic field strength

t hrough the condugt bM®esitdnbRGE AnBR eRd tpll.h%ﬁnd-. - i,ded, t hrough
t he conductive surfgceearg S o? tﬁlgCS egi ap rggﬁggéggh%%{ég?&%}évt&%%ght he
magnets; said pl atre bagdeend long-feitmsetlfoe imppenenisiythisare. Jihagiventersdedt pl anar
magnetic transduceg - i [ uecer .as.set forthmiyn claim
59 i ncl udi ng at | aormd %%T\t/l@ nglc'ijé}g%eor#g &gé\ﬁgle%?ng?r}ggﬁ%glW/ﬁtfaﬁe%afrﬁﬁdeaégﬁipltm out er
-rows of said fiveorBaedexd™ ofin tie diaphirsgm ohsingle-aafed phmanmegnetic Larkiekd had r engt h

t hrough the condugji r.f of . the di aphragm t han provjded . through
t he condugti ve su%g’)ggnge;dé%&%% e?f'r%%?r i lﬁ%ﬂ?ea?é’&vﬁ& g&O@@H}G&?‘O?ﬂ@WBFW fet s.
‘61. A pl anar-mgnhhﬁimghnmk&dm?he:jlamnﬁiﬁg(cjiﬁrﬁpdr&dﬁord)tl{?ekﬁigﬁlq‘iﬁ)evm&éﬂini‘s,the .
primary magnetic structure inc es, neo. m net s th an energy rating
15 of at |east 345‘?%6.5‘}6’? OtjApep'i’oi’F‘?quer?é?é‘ﬁ P}Tgfq‘gg%émﬁzg%éﬁmé‘é%bqebrth in

cl ai m 59 wher ei n: faai t kivapighidigantl aaludedidalbtioh rol @it W hapslydnatiefifks ;&Yi ONs
that are a distance agggy fromsaid central region, said primary magnetic

structure has cenfFEPSHIRAHAl tHigyRecarabilly qugr Relyatierfoms.aThis allowsdeiens t hat

are spacegl away fh@ﬁ}pﬁﬁé@s%%ﬂ@ﬂnaiﬁ@ﬂ@o%&ﬂﬁ&ﬁomtH?s PaERtLoplRgs spaced
apart relationship of the diaphragmfromthe nagnets of the primry

magnetic struct ur BRREIPAgngficdmngduces that are muphsmallsytham thefpriorast single endbd agm

over at |east oneprgiim et@%@%eak&@&eﬁ‘ﬁon@@ﬁerl:ﬁ?\?ﬁi‘% av'bﬁ lQRGmaver at |east
one | ateral magnet. 25 63. A nethod for nmaintaining calibration for

operation of a si RgPkBWRvEn foustehe thaomad eonsentrainasnan & guwhiech astiallérzes a t hin
filmdi aphragm w gf;@. fTHe%iiméHfoBﬁ%ﬁbﬁhﬁﬁnﬁ&%ﬁanﬁ@s&ﬁ%ﬁ% H{tfe%?%ehrsﬂbﬂﬁyt hat

includes_a conductive region which is positione ace oma primry
magnet i c?%tru_ctur ever i paions ohtigh  Eleareysy, itmyptellso bofsaid thaait das tehmfoudd GO,
sai d calibration gl o i pel dptiRi ARG dg\gcé%%cgﬂa%%%%stdgc ofirgh energy
magnets , ii) magnet to di pchr gm spacéing, and I'il) proper tensioning

| evel s for an onggimgllpopsast erafavreabled il tagperatereshasiis nos significaitlipod

including the ste ; 12/ ¢ 1l 2 PCT/USO2{ 01757 a) cooperatively
configuring a sup‘g%zrlt?[f’ g?dréﬁgtbﬁyégs %%“dp'%’c{s?u‘%%u‘z Fﬁuﬁﬁs’FY%%‘?“&%E?H@%"Q?O Gnet's of
the primary nagnebigh-esdrgyumbgres. i n a predet ermi ned spaced apart relationship

wher ei n e nmounting s rt struct resagtililizsthe Ori mary gnetic
st ruct uried]and concurr e’yn?"rrie/’errae‘@f“g’flge'ﬂ (i ed?’gﬁ’é‘a‘r?éf"frg’"f“w& é“s‘ﬂ*g"ed
i nteracting betwefromtatieanbing theametiogy andhgatetias wod asbonding i doRdREFLre with the
predet erm ned di aphr agm tensi an; .and, P’r%)ﬁ taching the diaphragmto the
support structur e'% lgn?q%ga?ﬁ?%ceo?lg? 8‘8@!6'8 'ﬂgé %’b‘ﬁ%&b‘ﬁ‘?stﬂé‘?i% BR OFQ obt ai ned
over | ong-term uskmitfibns dieao HRtabindivesutilized. MUGRBsikaded teds NAcH f8arkbtthdaer step
of : . . . '
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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10 c¢) placing an internmagnet spacer structure abutting between the adjacent
magnets. 65. The nethod in claim®64 including the further step of: d)

at t achi nowe ozjogdvdz acoustically transparent bracing structpgr@Qysiist he
second surface side of the diaphragmand to the nounting support structure

15 for further stabilizing the predeterm ned di aphragm tension and for

protecting the diaphragnmp egﬁﬁsfgﬁﬁmgﬁgl@ﬁlbé xﬁ%d:&m %@ﬁhﬂ%rﬁgkgr%tgt?r{}ﬁag urt her

step of: e) positioning the _energy nagne I'n"a space
rel ati onshi p to prlawnged)ao thewepositdhicknessds appradiaatelyt OrfRGORST ivatheineregylt maxi na

bet ween two 20 adj i d.in the,plane of the

di aphragm centereggﬁggﬁ\ﬁé@ﬁgﬁlg&gé@ﬁnﬁggﬁgF?%E%gﬂaé}ga%éEets as conpared to

-l ocal | oop magnetic ena) The amsslinking protidies npdrhrigstaftariet ciliiRgvhialBarsSoci at ed

with respective adj.acent poles of .the adjacent nmagnets. 67. A method for

reduci ng gi storti g}ﬁéclaﬁ%aa Cg?prk’(fﬂggl-cé) lﬁgﬁd%%ﬂlﬁ?‘gﬁcuﬁﬁ%ﬁé‘?*?ei’ SUHAg g oBRt

‘includi ng a prinmaayd erelgmetdss. structure and a nounting support structure and
j and conductive

a vi bratabl e di aphragm.includi ng a peripheral boundar (

region with said peri pH‘%Eﬁ? a‘ﬂ’ﬁﬂ%‘ﬂ'ﬁl" ys E‘g&t%f’ﬂ%ﬁegfﬁé%%?'ﬁ’@“f%e@ﬂ@?ﬁs of :
i) attaching the wiabcaatsangpady apHhRGMAON pidCesT BN Al RHA e 30 Structure
such that it is 1% ted at predeterm ned distancing fromsaid primry

magnetic structur A8REPRUFHVELCEPNYt ¢ of predeternined tension, ii)

appl yi ngi@ | ong term vivy Thd/heriil ﬁérfo@rhaxﬁl: Of'le AdhebiO@Slces ROk bi rﬁ?%t g%%’ the
peri phery of the vibratable diaphragm 62 WO 02/1113922 PCI/ U f(ll?s?
68. The met hod of desirablpfibns tabe peadrps dgibgsediaphragm Thamateriadl i s a sol vent based

pol yur et hane conpound. v)Gﬁle a]}k@iv%&‘aﬁe&é‘d b%lltl?é %}cgglha\f\@% r\x@éd%%%éejpr\é#e%%&)us

material is applied to the diaphragmand fhe ragmis nma

pol yet hyl enenapht RRFEEES 1§ rampve thezowantpdmatal Inyed atshs. Ebethese 6Gisons érr ek heemai d

sol vent based pol yihEHRABNE ki : enl al, | lied.to the di aphragm and
t he di aplhir]I agmis nalfigmof‘ltpodl\é%/%? &;{fl tenegn“%l%%ﬁgﬂ élf\ %&?‘]‘ ﬁ?qlc_}rfps ’B\ceﬁgtf)ho d for
reduci ng'di st or t i wAluided alowi mags bigh tebepgrapire pelyursthgmeatoss linkedrghkspe fori ncl udi ng
mount i ng. suppor t ¥ riR cy congudivt Ml MR o TR PR AT i ng @

peri pheral boundary antinathendset wittesinggemied plabdrimagnatictrapsduicpd &rthdt thoundar y;
sai d nmet hod i ncl ugj of - .1 ttachin he vj brataple di aphragm
to the mounting sﬁ%gsg?rw%b?ﬁ?éur"émg%#?ﬁg agp CPduBigs &/ £an WdeRsomfet er mi ned

di st anci ng from sercdmptaiceampddlate ngn@ittic Sdd s¢€ tipibetha Afdgheicdinidura 35 gt € of
pr edet er4f ned tensi,on at Ieas} one el ectrically conductive

i) attachin
non- magnéti c sheet’ t%f’;eﬂ%f‘%]?lglewaqeﬁ “b‘gﬁﬁ%eﬁt'é’ﬁf’ {he fransducex fhatgangrodyee such t hat
sai d sheet structdistertioas This ptobRad cad bs d¥dnai@e A5tRBaHN AGEHINGUVESMAL | east
two rows of said rrult'k.ﬁke r OWS gf.m%(r:mets to inprove linearity of the
i 1zing high

magnetic field aphaene alﬁﬂlé)ﬁreltlt gh-energy magnets. A way to stabilize the
magnetic field to minimize this modulation and increase transducer response

linearity, thereby lowering distortion from this cause is desirable.

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

30 material. This structure can allow the linearity of the magnetic field in a single-
ended system to be more comparable with the magnetic field of more complex,
but field-symmetric, double ended or push-pull planar-magnetic loudspeaker.

Returning to FIG. 12, and the discussion of bracing the magnetic

structure, if the structure is implemented using at least one electrically conductive
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20 72. The method of claim71 wherein the electrically conductive sheet is
made of copper. 73. A nethod to inprove |ow frequency perfornmance of a

si ngl e endednpkanar - magnetic transducer for the purpose ofpcdfi¥odhEisng
di scontinuities and inproving integration to a | ower frequency speaker

system 25 said planar-magnetic transducer including a prinmary magnetic

structure nounted ruct. and a vibratable thin film

di aphr agm whi ch i nfclz%u% H'gﬁﬁ%cv{‘ us lc ﬁmn?a'é?ﬁrﬂif?ég&?/%“c F@ésa\’/ﬁ R#n t he
active region and strmmdadlzctlwaeaelewtrEMcmﬁemn pldted sawedic 1048 1dd Bvs o3ai d thin
filmdiaphragm beipn unt ed t sar ng ort 30 structure and held
in a predeterni neaalgpgdt?té’l 5‘0“’158 ga?go ‘ﬁﬂé&réﬁ*ir?r? FRRlY Beslasipgimbetven pri mar y
-magneti ¢ struct ur all tgabes oBhAmes| BBH; B StslanidiB St New Rl Ritigate bhe noR-linea¥) frdg/ 1! G3922
PCT/ U802/91757 i) . ncI udi @? | east one el ongated hi gh energy 'neodym um
magnet in’said pritha "?TE?S’% alemay dlipdiaye eortionsexiending avtside of thepuside

‘predet erm ned gap nia@ndtsﬁ%‘b dnB 35k, Qﬁtﬁcaﬂ"séﬂvb Rr&de: mJAzucﬂIFe%ofE?E&aﬂg B%8L$' m 73
wherein said predg&erm ned g%p is less 5 than 0.75 m|

met hod of cl ai m 73%%#irbefareduse diaphragra tessinn phaneeseftom grem%dercmmum & the

millimeter. 76. TheuckRt bRY ikk aghlgéurggez%b(y%er ein all magnets of said primary
magnetic structure conprise neodym um nmagnets. 10 77. A method for

i ncreasing signal out plRetuEniptithd isspe of campstibibtyevignathet Spfta&cram-amgmetr c
t d h Bble n n tential .10
ransduceg havi ngsﬁt&m'}\%@ﬁ@? 8bl &%Pﬁa%’bﬁ%ﬁ%cgﬂﬁ ﬁ%lg% &’dp? [Rlang, !%lgn% w

frequency range down to fredquencies
vi brat abl e di aphr h)glrhpaal@ss, tsfpobemagnttivagpupling thmmdsrcmdsadnddérdzimgedaﬁwar e inches,

sai d pl anar - magnepj,c .fide Hﬁﬁfg\{de@é;s &gr NS4 m%r Elé{%@%%rceﬁﬁaﬁum ure 15

mounted to a mounting support® structure an
di aphr agm i ncl udi frequeneye matbe lowess frequanoylrangmfd)pbﬂatmm f Bdsitesit oaiphoraigin); ERuUNt ed

to said nounting tupe hed redet erm ned, st ate of

t ensi on and predeéer Qhér(f?%&l%% irpl%(i)lf’ntr‘s‘ar H“bl-t?erlfd ey cangerd il fprgher 20 saj d
met hod i hcl udi ng pﬂobleslthapbeenfthat bihgle Eﬁded(ﬁlaﬁg-rha@btlcﬂﬂﬁdsgyak&@%%érﬂaﬂm rragnet S

in said primry ruct ur a adj usting sai redetermned

gap to |ess thanng%e%? %g{ah@r{gﬁloot@%m#ﬁ@o PGS &atﬁq"aﬁfﬁ? \M“}é‘i‘ eth§ said

di aphragm area i sloesdretjianic?8s didQsscdiatve BAAIRDS thednddrinpralghagy of claim

77 wherein said di a(&ﬁhrag re is |ess tha?r}F 30 square |nches 80 The
met hod of cl ai m 7R UiRERRY a‘i BEEHOHS ryﬁ@%m.t%ndrt@g@lnfl Higioing¢dyht

hundred Hertz andarﬁiablﬁhrﬁaﬂomi’thé B&Rr kAR fathl? thhi PBARESseafilssfl) Aphr agm 30
SN i ess than c;[srff\g]d S\g}gl?{h% ald\pe%th c?fshome 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 neodymium 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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81. A nethod for overcoming thermal Iimts of a thin filmdi aphragm and

attached conductive el enents while increasing sound pressure output

capabi | i tywobgsest ngl e- ended pl anar-magnetic transducer , perhiso¥f@s7

1) 2/ (1G3922 PCT/ US(12/ 111757 said pl anar-nmagnetic transducer 1ncluding a

vi bratable thin filmdiaphragmincluding a conductive surface area and a
ic structure nounted to a nounting support

mul ti nmagnet primry nagnet
structure, said tHhit a?t}q%ﬁﬁm‘&&%?%ﬁ‘?foﬁe'PngfeﬁYﬁ?ﬁY wgofepsysiamgtorediae theg support
5 structure and begidagtehihsl dgalgs aRitPEARRIRITMER 10SIbQ Ran @ 75! il é}o?ﬁﬂa

met ho

id primary magnetic structure, sal

predeterm ned gap,from said y . _ i
i ncl udi ng the st efFsdihan Aoimilimgieralt hagbeen fomd ther treddneesingthigprobleer iyis

‘neodyri um magnet peraatidhdblaJRAYbBIORL 95 REIIGUINE Lo reduce a requir ed
i nput power for a given sound pressure 10 | evel "and all owi ng increased
sound predsure |evel b¥fhen applying ticabovetstatadhathomsl or keihantesnenB® a sihig: enedcdhod of
‘claim 81 includin I : f. ] i .paol yet hyl enenapht hal at e as
t he vi bratabl e thlglr?h% ﬁlé{)ér#rggég}%{nts %Ic?xﬁ&h?gggégh%eﬁgéqﬂ%e@ﬁ% teﬁg Fﬁ?“?’@yﬁt 83. The
met hod of cl ai m 8opfecsysttimyith hubsthntiaflj énpretedpesafis, alloying dinwgpeofl ow mass hi gh
t enperature pol yu r | | nk hesi,ve for. bgndi sai d conductive
el enents to the fh%%bglmgeﬁﬁor%%ﬂ”) ey %‘F Ve I WhaL paschees E’gf”(“é'.teng’&?’sﬂ

pl anar - magnet i c t rapiliyigrowingeoenivi bidvgeakeiusathat leastenoRsy 1 phrdigaeioy i br at abl e
di aphr agmwith a himrnsét euerfaé:el side and.a second surface side, including a
predet erm ned active P’&Zu e aparmAenelic IUARRERESS: act i ve regi on i ncl udi ng
predet er mi ned, el ongat ke iscosigchifidahtedd siexpacel Ak easeclpippinOhigRemigy al ity of
conductive el enents fgr cE:fonverti n% an. | nput egectri cal signal into a
correspondi ng acolf8FjelcHRfi&ser thag 3"%9‘%‘?‘#@”‘ Wpls RGO &F maeerip pesordangs ed t o
the primary nmagnetith ttetifiveatiod, Gatid darf f16vidd SBNEALPL LiPnat W»ﬁth%ifﬁ%éji aphragm
hold it in a predeterm ned state of tension and space it at predeterm ned
di stanci ng from t FEaAVERErcyrsitgheisns oft prive single-cadpdsletigns. dmbachftis he surface

si des of s he fil muehpy ARKY d8dtehsPipitkBhyznBRIRE B Covel {hygélﬁgagpcjn%%log%eng at
| east three high Iinergy, el ongat ed 30 nagnets pl aced adj acent an
substantial |y par4rphegén 3l eba-single snded plrras-eagashicriangdecer H8Qithag netronbyrthe gy

product of great egffitibRsy 24 dRBiAg FRpSves Bk LS targe signal output capability

increases. The prior approach was to expand the magnetic gap 31 so as to allow

greater diaphragm 21 movement to achieve greater acoustic outputs. In the

20 inventive 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 loudspeakers, 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



at least two of said high energy magnets being adjacently positioned in a
predeterm ned spaced apart relationship wherein adjacent poles of the

adj acent o 02/0¥¥922.12/ UG3922 PCT/ US02/ (11757 magnets have peaalvaseds7

| ocal i zed magnetic | oops represented by |ocal |oop energy maxima as well as
shared magnetic |oops between the respective adjacent poles of the high
energy magnets; said conductive surface area running substantially parallel
to said magnets 5 figaeenginand ]hle@mndmteotemaﬂMﬁamahcylrwlg@sdmtbtﬁeqlhmgbs ener gy

magnet s than to aygentsr. OkDA k. (NS HAEEY.T N3RSl IRED ¢ he

adj acent magnets; said planar-mag net%%'étf}r ansau %ae ﬁbo 5?%1“5?8t

si ngl e- ended pl anaffmgm'ss of this mslddloénnpn&&meﬁt the dmﬂxﬂagnearemmaetfuxﬂﬁrt h in
-claim 84, wherein duct | 10e nts are substanti al parallel to
the el ongat ed rragﬁéed? gedgér?ull} %t ﬁe \(I:I(gons UF PRSPy Fdgss 82@ o\ ‘r‘?ﬁlief‘ BF?B(i mat e
to the reSpecti vealkobaippliebsuch et thy lmf(eqiﬁn@&’éﬁgkhﬁbﬁfhbw dolvnas leagihae ent

‘magnet. 86. A pla tic ran ducer as et f h.in cIa| 84 wherein
the hi gh energy nggig%&g&%g‘ﬁ’e H?ﬁ r‘?ﬁ&ﬁé‘f %Wﬂé‘ﬁ‘@'iewn atAg of at

| east 34 15 n0. aﬁphra'élﬂaieﬁaﬂmbb@%an(@énsq{l&cEﬂcﬁé]st Wher ein the respective
conductive surface areas are apprlgm mately centered over the |ocal |oops of
adj acent hi gh energy magrisfother signifigant myppvement from freproper gpphigaten af high
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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 also 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. 25, 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

35t is on the same side of the device as the larger low-frequency magnetic
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10%&: () - S4MLO% ( %)arfllcula—ly m the 1&@2{ grco:lwltlf ;ezls]b?(;/&g;ro(u)nd sound and automotive
applications where the high outputs and smaller sizes in flat panels have been
long felt needs but heretofore unavailable. The invention as exemplified by the

15 disclosed embodiments has not only solved the problems of incorporation of high
energy neodymium magnets in a single ended planar-magnetic transducer, it has
opened many ways to enhance previously untapped potential of single-ended
planar magnetic loudspeaker architecture. That architecture can now challenge
the long-entrenched dynamic cone-type loudspeaker with both performance

20 advantages and thin panel packaging advantages. Besides offering a competitive
challenge to the established technology of dynamic cone speakers, the invention
offers new dimension of performance over prior attempts at flat-panel planar
loudspeaker designs.

Those skilled in the art in possession of this disclosure may now make

25 numerous other modifications of, and departures from, the specific apparatus and
techniques herein disclosed without departing from the inventive concepts. It is
to be understood 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 fully 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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10! #y-109% () - S, 410%& (nlountlngI s]ﬁg%% s(tl)ucture coﬂgfeé 20 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

15 structure adjacent one of the surface sides of the diaphragm; 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 transducer,

2. A planar-magnetic transducer as set forth in claim | wherein the
30 high energy magnets comprise neodymium.
3. A planar-magnetic transducer as set forth in claim 1 wherein the

high energy magnets are neodymium magnets with an energy rating of at least 34
mGO.
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110%& ()- 10 10 %th &19 %@Tés}:on%?nélag%tlé k)utéut}hgvmg an 1:1I'pper audio bandwidth
extending down to a low range audio frequency.
5. A planar-magnetic transducer as set forth in claim 4 wherein said
transducer diaphragm has a vibratable area and a fundamental resonant frequency
10 representing approximately the lowest potential cutoff frequency of operation,
the vibratable area and lowest cutoff frequency of operation of the planar-
magnetic transducer falling into the unique range of
Fr< (2000/VA)
wherein (Fr) equals the fundamental resonant frequency of the transducer
15 in Hertz and (A) equals the vibratable area of the transducer diaphragm in square
inches.
6. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area and a centered gap
between the magnetic structure and the diaphragm measured at the center of the
20 diaphragm,
said transducer haé 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/VA 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 to diaphragm gap measured in millimeters at
the center of the transducer diaphragm.
30 7. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area and a centered gap
between the magnetic structure and the diaphragm measured at the center of the

diaphragm,
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the center of the transducer diaphragm.

10 8. A planar-magnetic transducer as set forth in claim 4 wherein:

said transducer diaphragm has a vibratable area with a length and a width
dimension wherein the width dimension is the lessor of the length and width
dimensions,

said transducer has a fundamental resonant frequency representing

15 approximately the lowest potential cutoff frequency of operation, and

the width of the vibratable area and lowest cutoff frequency of operation
of the planar-magnetic transducer are in the range of

Fr < (1000/W)

wherein (Fr) equals the fundamental resonant frequency of the transducer

20 in Hertz and (W) equals width dimension of the vibratable area of the transducer
diaphragm in inches.

9. A planar-magnetic transducer as set forth in claim 4 wherein:
said transducer diaphragm has a vibratable area with a width dimension
less than a length dimension,

25 the transducer further has a gap dimension between the magnetic structure
and the diaphragm and said gap dimension measured at the center of the
diaphragm,

said transducer has a fundamental resonant frequency representing
approximately the lowest potential cutoff frequency of operation, and

30 the width of the vibratable area and lowest cutoff frequency of operation
of the planar-magnetic transducer are in the range of

Fr < (800/W)/G
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' millimeters at the center of the transducer diaphragm.

5 10. A planar-magnetic transducer as set forth in claim 4 wherein the
predetermined active diaphragm region has a total surface area of less than 100
square inches.

11. A planar-magnetic transducer as set forth in claim 4 wherein the
predetermined active diaphragm region has a total surface area of less than 80
10 square inches.
12. A planar-magnetic transducer as set forth in claim 4 wherein the
predetermined active diaphragm region has a total surface area of less than 60
square inches while having an operating resonant frequency of less than 400 Hz.
13. A planar-magnetic transducer as set forth in claim 12 having an
15 operating resonant frequency of less than 300 Hz.
14. A planar-magnetic transducer as set forth in claim 4 wherein the
predetermined active diaphragm region has a total 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 transducers which form a loudspeaker taller than one transducer.

18. A planar-magnetic transducer as set forth in claim 1 further
comprising at least one spacer structure positioned and abutting between at least
two adjacent high energy magnets to eliminate 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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) is at least ninety thousandths of an inch.
21. A planar-magnetic transducer as set forth in claim | wherein the
predetermined distance between at least two of the adjacent high energy magnets
is at least one hundred and fifty thousandths of an inch.
10 22. A planar-magnetic transducer as set forth in claim 1 wherein at
least two of the adjacent high energy magnets have common dimensions and the

predetermined distance therebetween is at least one half the width of one of the

magnets.
23. A planar-magnetic transducer as set forth in claim 1, wherein the
15 predetermined distance between the at least two high energy magnets is at least

seventy percent of the width of one of the at least two adjacent magnets.

24. A planar-magnetic transducer as set forth in claim I, wherein the
predetermined distanée 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 1 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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application of said viscous material is limited to an area of the diaphragm outside

and proximate to a last row of magnets on each side of the primary magnetic

structure but extends into the active region of 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 spaced-apart relationship of the diaphragm from the
magnets of the primary magnetic structure being greater at the central 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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10 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;
15 said conductive surface area including elongate conductive paths running
substantially in paralle! 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 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
energy magnetic forces interacting 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-
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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posmoned m predetermined spaced apart relationships;

at least two of said high energy magnets being adjacently positioned in a
predetermined spaced apart relationship wherein adjacent poles of the adjacent
magnets have nonshared, localized magnetic loops represented by local loop

20 energy maxima in a plane of the diaphragm which are respectively greater than a
shared energy maxima at a central position between the adjacent poles and
extending along a shared magnetic loop of the respective adjacent poles in the
plane of the diaphragm;

said planar-magnetic transducer being operable as a single-ended 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 upper 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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42, A planar-magnetic transducer as set forth in claim 38, wherein the
shared energy is no greater than 80 percent of the local loop energy.

43. A planar-magnetic transducer as set forth in claim 38, wherein the
shared energy is no greater than 75 percent of the local loop energy maxima.

10 44, A planar-magnetic transducer as set forth in claim 38, wherein a
predetermined distance between the local loop energy maxima for adjacent
magnets is approximately equal to a separation distance between the
corresponding adjacent magnets.

45. A planar-magnetic transducer as set forth in claim 44, wherein the

15 predetermined distance between the local loop energy maxima for adjacent
magnets is at least seventy five thousandths of an inch.

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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52. A planar-magnetic transducer as set forth in claim 38, wherein the
predetermined spaced-apart relationship between at least two of the at least three
adjacent, high-energy magnets is at least seventy percent of the width of one of
said adjacent magnets.

53. A planar-magnetic transducer as set forth in claim 38 wherein the
predetermined spaced-apart relationship between at least two of the at least three
adjacent, high-energy magnets is at least 100 percent of the width of one of said
adjacent magnets,

54. A planar-magnetic transducer as set forth in claim 38 wherein the
high energy magnets are neodymium magnets with an energy rating of at least 34
mGoO.

55. A substantially single-ended planar-magnetic transducer
comprising:

a thin film, diaphragm having a first surface side and a second surface
side and including a conductive surface area for converting an input electrical
signal into a corresponding acoustic output, said at least one diaphragm including
a predetermined active region;

a high energy magnetic structure having sufficient magnetic field strength
and being configured with respect to the diaphragm to drive the diaphragm as a
substantially single-ended audio transducer; and

mounting structure coupled to the diaphragm to hold the diaphragm in a
predetermined state of tension and at a predetermined distancing from the high
energy magnetic structure over an extended period of time including periods of
use and nonuse;

said diaphragm having improved performance characteristics by using a
polyethylenenaphthalate film as a base material for the diaphragm.

56. 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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and being configured and positioned to drive the diaphragm as a single-ended
audio transducer; and
10 mounting structure coupled to the diaphragm to hold the diaphragm in a
predetermined state of tension and at a predetermined distance from the high
energy magnetic structure.
58. A planar-magnetic transducer as set forth in claim 57 wherein the
high energy magnetic structure comprises neodymium magnets with an energy
156 ~ rating of at least 34 mGO.
59. A 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
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 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 surface side of the film diaphragm;
said conductive surface area including elongate conductive paths running
30 substantially 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;

60



10G 10G 10G=10%G&' ()-! qS&L0%& ()-/! SE10% ()- /1 vS&10%& ()-/! S&10%& ()-/f

Iri"devB7r 10! 10G 1l

109 () - sdoyz " 109%& ()-zF 10%& ()-, 10%& ()-s! 10%& () - e MitHdEMB7 10!

%8?1:(103??)%-&(113% (-1 Lbve ()-10%' () - 10% () - L0%&' () - ##NS$SS. Y%aBVB7 10!
I 109&' - 109&' -y&

ig%g( )22 & () O ( igg@@ary BB AEiC @t)’ucﬂﬁ%&&ng\étﬂea}tgmﬂd dhtows ofside

é??{-((l?"d/gf)i%‘-l‘ﬁg/@'dé)nagn KO diheadtin 'on 27 o vt SO 2edsl hremnowa ot & () -2

10=10%& (j ys6: 10%53‘@6)&9(4‘&5@%’&5(I)lﬂﬁﬁﬁ@i?{&dét}cnkﬂﬂt ol the c&ﬁl&@tr@s(u)fac@(())'r))l*

: o9& ()-z109%&
~u(S)g}e/& . '( )UI\/I }-8:’/0?3%4_& ek ?Né\éi }{%é‘)‘ ? /@v@g@mugg the conduoct{%e surfage areas o the

() -, 5 10%& () diaphrd@f@®) 4 en@lOOof the hiERME () -w, ., --..}[<1/ U (m
18%‘8-! $100/&'(%) ‘1953}?10()/&”)%3I DI 109 ()-3! 10| R{&'(}- S10%& () -
/7000000 1zodY: ! U 1094“@RIPrmagreseransdaasygpeaping asa single-cnded planar-

magnetic transducer.
60. A planar-magnetic transducer as set forth in claim 59 including at
least five adjacent rows of magnets with at least two outer rows of said five rows

10 of magnets providing less magnetic field strength through the conductive surface
area of the diaphragm than provided through the conductive surface area of the
diaphragm by a center row of fnagnets. '

61. A planar-magnetic transducer as set forth in claim 59 wherein the
primary magnetic structure includes neodymium magnets with an energy rating

15 of at least 34 mGO.

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 magnelts,

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 63. 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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g between the high energy magnets so as not to interfere with the
predetermined diaphragm tension; and,
b) attaching the diaphragm to the support structure so that the
predetermined diaphragm tension is obtained over long-term use.
64.  The method in claim 63 including the further step of:

10 c) placing an intermagnet spacer structure abutting between the

adjacent magnets.

65.  The method in claim 64 including the further step of:

d) attaching a rigid, acoustically transparent bracing structure over
the second surface side of the diaphragm and to the mounting support structure

15 for further stabilizing the predetermined diaphragm tension and for protecting 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 a 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,

ii) applying a long term viscous material along at least a portion of

the periphery of the vibratable diaphragm.
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71. A method for reducing distortion in a single-ended planar-
magnetic transducer including a primary magnetic structure with multiple rows of

10 magnets and a mounting support structure and a vibratable diaphragm including a
peripheral boundary and conductive region within said peripheral boundary;

said method including the steps of;

i) attaching the vibratable diaphragm to the mounting support
structure such that it is mounted at predetermined distancing from said primary

15 magnetic structure and held in a state of predetermined tension,

it) attaching at least one electrically conductive non-magnetic shect
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 electrically 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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15 mounted to a mounting support structure and a vibratable thin film diaphragm
including a conductive region,
said thin film diaphragm mounted to said mounting support structure and
held in a predetermined state of tension and predetermined gap from said primary
magnetic structure,
20 ‘ said method including the steps of:
1) including high energy neodymium magnets in said primary
magnetic structure, and
ii) 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.
80.  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.
81. 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 ,
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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 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.

82.  The method of claim 81 including the further step of:

i) using polyethylenenaphthalate as the vibratable thin diaphragm to
increase the thermal limits.

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 thermal limits.

84. A 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 predetermined, elongate conductive surface areas formed
of a plurality of conductive elements for converting an input electrical signal into
a corresponding acoustic output;

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 energy, elongated
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.

8s. 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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