SYSTEM FOR VI BRATI ON CONFI NEMENT RELATED APPLI CATI ON [ 0001] Thi s

I nternational patent application clainms priority to U S. Patent Application
No. 12/ 79v60811isb4#d on June 4, 2010, which is incorporaPet/useraiosniby
reference in its entirety. BACKGROUND [ 0002] Fi el d [0003] The present

di sclosure relates generally to the field of |oudspeakers, and nore
particularly to the confinenent of vibrations associated with a | oudspeaker

drivver. [0004] Rel at edgfth-pv FOR VIBRATION CONFINEMENT

RELATED APPLICATION
[0001] This international patent application claims priority to U.S. Patent Application
No. 12/794508 filed on June 4, 2010, which is incorporated herein by reference in its

entirety.

BACKGROUND

[0002] Field

[0003] The present disclosure relates generally to the field of loudspeakers, and more

particularly to the confinement of vibrations associated with a loudspeaker driver.

[0004] Related Art

[0005] There are numerous types of audio transducers or drivers for loudspeakers. A
functionality of the driver is as a traditional direct radiator, which may include, for example,
a moving voice coil immersed in a static magnetic field, coupled to a rigid diaphragm and a

suspension system.

[0006] A motor system of a loudspeaker may include a permanent magnet, surrounded
by steel parts that direct and shape the magnetic field. The loudspeaker may also include a
voice coil, which may be a conductive wire (e.g., copper clad aluminum), sometimes referred
to as a voice coil wire, wrapped around a non-conductive bobbin, sometimes referred to as a
voice coil former. The voice coil former can provide mechanical stability and a platform for

transmitting the coil force to the diaphragm.



[ 0005] There are nunerous types of audio transducers or drivers for

| oudspeakers. A functionality of the driver is as a traditional direct

radi at or ,wotzntiissay i ncl ude, for exanple, a noving voi ceCraiskolsErsed in a
static magnetic field, coupled to a rigid diaphragm and a suspensi on
system [0006] A notor system of a | oudspeaker may include a permanent
magnet, surrounded by steel parts that direct and shape the magnetic field.

The | oud y..al so incl ude a ce C ich my be a conduct.ive
wre (oo ORORCon AR itiE e BrivHGRYY riol ks Rl bightioras e 4g SeGate b |
wre, w apped around a_non-conducti ve bobbin, sonetinmes referred to as a
voi ce cominipyyedeprealrig” wsidseoreher mishehsaviasahdqsHlyying diaphraganrebattsperbety t y
and a platformfor transmtting the coil force to the diaphragm WO

2011/ 153@90ORCTHhoSR0 1 ThO 3@ phibgm0 0@iidtihes ©icapdrtagmai dnteyquiecctal itsyshapeyinthyalmed
lightweight to nove the air accurately, with mnimzed "break up" nodes or
ot her m £R@BA VAT alutméR@h biysimilBemdicapR! GUBEHBiLdI th&c PR tHaeEtHiit Rights@héss,
notion. The di aphragm sonetines referred to as a done due to its shape

may be fgﬁpggﬁ; Sghg ggg ﬂﬁ% zﬁﬁ“ﬂﬂ%ﬁiP%ha§E?obgﬁﬂﬂgéltes t her eof

t hat exhibit rmation, thereby
al l ow ng deep shapes to be forned [0008]The suspensi on systentgenerally

provi des[()toag]er esIth%r nsf%hlsy%t%&d erﬁ%ta afirgwmt:@%te r%&to 1f1£m% g aﬁ(? R}}a%ﬁtamf the

posi tion susp en on aIPowE ¥9Or ¢ aX|a ar e
preventing eral noti.qn o t||t|n uId C e coil Str

the not o?mtva%% et POYHEN 1S FHBSETAR Qfa ‘pegen: ﬁxeﬂeoga%p%h@t 'grge ys
carefully designed to match the force vs. deflectlon characteristics of the

voi ce coplevemagrpems mojionemtiltmgethgueqidh siusn thrgoiborpilkshicanotendenpdngatied
froma pol yurethane foammaterial or the Iike, and nmay be conpressed into

shape byThestiffizss vpr elsfectoni of the Fospdnsibloie varcfullyulmsizaed tpnabdheths farcesa. when
t he suspension nenber is attached to the diaphragm For exanple, the

at t achmegdflcefiod cisd#sRAMNScO Bf TRNRIe it dhdteofl kAR AT BB cREsHTinky SHRPHQUS
vibrations fromthe suspension systemto be transnmtted across the surface

of the dj ARRABOMMEEEhE 4 PAyLRiHIhS Fht ARG hOARE Uhd Bla§ el donfph&sdd BaHency

response.

shape by heat and pressure in a mold. However, numerous problems arise when the
suspension member is attached to the diaphragm. For example, the attachment of a
suspension member with the diaphragm may permit spurious vibrations from the suspension
system to be transmitted across the surface of the diaphragm, resulting in distortion and

inaccuracies in the frequency response.

[0009] One known approach involves separating the diaphragm from the suspension
member, and thereby isolating the diaphragm from high frequency vibrations in the
suspension system. However, the loudspeakers associated with such approaches and designs
can be difficult to manufacture, resulting in loudspeakers that are fragile and lacking in
durability and reliability. Accordingly, there remains a need for a loudspeaker technology
that isolates the diaphragm from vibrations associated with the suspension system, while

being easy to manufacture, robust, and reliable.
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[ 0009] One known approach invol ves separating the di aphragmfromthe
suspensi on nenber, and thereby isolating the diaphragmfrom high frequency
Vi br at i orwoi2zn1tttsa498uspensi on system However, the | oudspeakisesi1associ at ed
wi th such approaches and designs can be difficult to manufacture, resulting
in |loudspeakers that are fragile and lacking in durability and reliability.
Accordingly, there remains a need for a | oudspeaker technol ogy that
isolates§\ﬁpﬁg i.aphragm from vi brati ons associated with the suspension
system ing easy to manufacture, robust, and reliable. SUMVARY
100101The followi ng presents a sinplified summary in order to provide a
basi ¢ understandi ng of sone aspects of the disclosed aspects. This sumary
i s not alf0dQk endihgefBIPBing dueeAl i ssimptiBadeymmpryeint REdCT | l@epiovide ReDasis
critical elenents nor delineate the scope of such aspects. Its purpose is
t 0 pr esewmdessarglingolc g aspicts loé tikediselobeldaspeds.ulbs summargiispbi in edefiovan as
a prelude to the nore detailed description that is presented | ater.
1001111 nowrgciowdmdde imeidetdan @cidlicrMiddi fA%Pe ot Sritdill cldicheshe idiingtd ileacosur e
t hereof, various aspects are described in connection with an inproved
| oudspeakegyfiesigis f ofs ¥inPbal o FRMH SRR orRBSs I RS UBMRISRMes iANE
t echni ques descri bed herein nmake 1t possible to 1solate an inner region of
a di aphr o1 i brati i W SUS i whi | e
o ovt di g R en R ERS AE AEEHE AteB RS ShEN VAT, " one
enbodi nent, there is provided a | oudspeaker conprising a di aphragm t hat
extends fr an i nner di aphragmregion (e.q., concave Qr canvex shape
cdore 1 ol BTt dn “GREGHE 2k of IniiedBrds und SShESRrdgairitnrs darort
bends at a defined angle (e.g., approximately 90 degrees) relative to the
i nner di %W&W?@gi%.dew@ego@ﬁWR@n me{h BorinHspvedo Mpidpreaker fesdgke fand a
suspensi on nenber extending from an i nner suspension region to an outer
suspensi vibratiogi cnfingvherteind sthess inmmagersergpefiss tachniggésodeswoubed hpsinantike it
attaches with the outer diaphragmregion, thereby formng a vibration
confi nenpakibRond 1i0dlat arit henddefepidadoanglipphabat itse Wibrbtiesi Meciadil aphii agm
regi on. The outer suspension region nay attach to the frane. In one
enbodi e i : - ETRY. VEEHR bodt 135
degrees.Q%RmﬁgﬁgﬁgﬁhgggggﬂgFgggg%%?ggggﬁ'of ?hgq%%%ﬁg??gﬁﬁggﬁ%%ﬁgﬁ%%?%
ortion at the def.ine ngl.e (e.q.., orthogonal angle) isolates the |nner
G aphr aghh PROFBRT PR SB0F Sttt RO R R | RS l RaleBiE e

suspensi on regi.on. . :
P gom arg inner diaphragm region (e.g., concave or convex shaped dome) to an outer

diaphragm region, wherein the outer diaphragm region bends at a defined angle (e.g.,
approximately 90 degrees) relative to the inner diaphragm region. The loudspeaker may
further comprise a frame and a suspension member extending from an inner suspension
region to an outer suspension region, wherein the inner suspension region overlaps and
attaches with the outer diaphragm region, thereby forming a vibration confinement portion at
the defined angle relative to the inner diaphragm region. The outer suspension region may
attach to the frame. In one embodiment, the defined angle may be between about 45 degrees
and about 135 degrees. In related aspects, orientation of the vibration confinement portion at
the defined angle (e.g., orthogonal angle) isolates the inner diaphragm region from spurious

bending waves or vibrations from the outer suspension region.
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WO 2011/ 153490PCT/ US2011/ 039161 100121l n rel ated aspects, the frane may
conprise a nounting ring, such as, for exanple, an annular flat surface,

wi thin a worouarss@b pl ane. The outer suspension regi on may/ske1aoboibd t he
nmounting ring. A downward plane through the outer di aphragmregi on may
intersect with the horizontal plane at a given angle, such as, for exanple,
bet ween about 15 degrees to about 60 degrees. In one particular exanple

t he give pr o tely 45 d rees. Simlarl pl ane
through OAEEFndi réa@%aﬂ@fr it Qo e SRRV H & LB [ GAEHPIeI ane
at the same given angle, or simlar angle. g2013]ln further rel ated

aspect s, a rvremrlaélﬂatwe r Wikip o hiprizaetel E]@WbrT OyfelBISPRASI] IPEIPB MAratlaRato i s

| ocat ed bel ow and provides structural support to the diaphragm In yet
further thelradwedingspect 4, dévwevard mdanesthsq@ezhstho mutee gligrhragnd fegion Ineyointeesect
suspensi on regi on may conprise flange(s). 100141In yet further related

aspect s, witheéhd iiieonBUPREANS! DBivELTHEE ABK ad, Ter QUhBle, BeBRRA ABHNLI18T Qe E
attached at an interface with an adhesive. The orientation of the vibration

cont | neaRLy BY ddsAdsalint B RTENRK cARGNE IHadMGEP Fg%t A/ bk ApthQMdlS 45

interface, there strengthening the inter ace ance"w th
one or re_asp. ct of the e her th eretls oyi ded
a | oudspERKE’ ¢ Bl %upr%rﬁ%iana. %H%%gt% 18&%}%%!@?6880? F%%’r?%ﬂla?’ TERedonl ar ea
to an outer annular area, wherein the outer annular area bends at a defined
angl e ( ethg horipniglad q:peaqggmsaa@ gd\éf‘élraé‘éke ahtimiBoiele 35 degrees) relative to
the inner done area; and (b) a voice coil forner |ocated bel ow and
providing structural support to the diaphragm the voice coil former
ext endi nP03om dn lf@tth@ntegaiqb aspecs, tlep ladgreakemhmay oprtbergeomprissr 4 40iaggeqil t h
t he di aphragm between the inner done area and the outer annul ar area.

former that is located below and provides structural support to the diaphragm. In yet further

related aspects, the inner suspension region and/or the outer suspension region may comprise

flange(s).

[0014] In yet further related aspects, the inner suspension region and the outer diaphragm
region are attached at an interface with an adhesive. The orientation of the vibration
confinement portion at the defined angle induces a shear load on the interface, thereby

strengthening the interface.

[0015] In accordance with one or more aspects of the embodiments described herein,
there is provided a loudspeaker comprising: (a) a diaphragm extending from an inner dome
area to an outer annular area, wherein the outer annular area bends at a defined angle (e.g.,
between about 45 degrees and about 135 degrees) relative to the inner dome area; and (b) a
voice coil former located below and providing structural support to the diaphragm, the voice
coil former extending from a bottom edge to a top edge, the top edge interfacing with the

diaphragm between the inner dome area and the outer annular area.



WO 2011/ 153490PCT/ US2011/ 039161 [0016] I n rel ated aspects, the |oudspeaker
may further conprise an annul ar suspensi on nenber that extends from an

i nner suswonsiiom34vegi on to an outer suspension regi on, ROEUESRM10BEE6I Nnner
suspensi on region overlaps and attaches with the outer annular area of the
di aphragm 100171l n accordance with one or nore aspects of the enbodi nents
descri bed herein, there is provided a | oudspeaker conprising: (a) a frane

havi ng a ti ring within a harizontal plane; (b). a di aphragm extending
from an IORE" COR ool ashist dof iibesiB Doy B cahatisf agagRu e AP ERIOT he
outer annul ar region extends downwardly at a defined angle (e.qg., ‘

appr oxi neabgr that eréeqids deom pre jraer SUSPEISIANHELIBILP 2B ALK SYPaeon wEPN( whergin
suspensi on nmenber extending from an inner suspension region to an outer
suspensi e magi cuspentien ecgioh heverlapeand uspensi ethr thgi outeovendlapsrandf the
attaches with the outer annular region of the diaphragmto forma vibration
confinen@@pmaghtion oriented at the defined angle relative to the

hori zontal plane. Orientation of the vibration confinenment portion at the
defined angle isolates the inner concave done regi on of the diaphragmfrom

spuri ous|gpgfdi NGy WRYGRardde oMk REe Qiﬂtrﬁéresalég&% oF At ER8bAMentsTQBbAMRAdHMENt
the defined angle may be between about 15 degrees and about 60 degrees.

[0018] Tothte&eis%gxgi{ag& iasl%u %%al?efr cto&g)ri]csl ]rg,?gasl a? %ﬁ%}%%&%ﬁl{gﬁ% %go&%{a]%% ’ringnv%\itl%l 4ore

aspects conprise the features hereélna particularly
pointed out in the claing. The follow description and the annexed
dr awi ngsnE&en SbplEcs ) Ak dahyacgh FRENANE GsEr AU ORI HERC A5HI0T Rpan outer
i ndicative of but a few of the various ways in which the principles of the
aspect s #aylasacgiop) vhegin teheyten gvmaragewnagrdends iswmvasdlyra s difinedpanstime
apparent fromthe follow ng detail ed description when considered in
conj unct {eqn, wpprbxinkeecldré&mdogrseandlative tdi thel losedntas péaics aad €c) rit ensgpekido
i nclude all such aspects and their equival ents. BRI EF DESCRI PTI ON OF THE
DRAW NG member extending from an inner suspension region to an outer suspension region, wherein
the inner suspension region overlaps and attaches with the outer annular region of the
diaphragm to form a vibration confinement portion oriented at the defined angle relative to
the horizontal plane. Orientation of the vibration confinement portion at the defined angle
isolates the inner concave dome region of the diaphragm from spurious bending waves from

the outer suspension region. In one embodiment, the defined angle may be between about 15

degrees and about 60 degrees.

[0018] To the accomplishment of the foregoing and related ends, one or more aspects
comprise the features hereinafter fully described and particularly pointed out in the claims.
The following description and the annexed drawings set forth in detail certain illustrative
aspects and are indicative of but a few of the various ways in which the principles of the
aspects may be employed. Other advantages and novel features will become apparent from
the following detailed description when considered in conjunction with the drawings and the
disclosed aspects are intended to include all such aspects and their equivalents.
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[ 0019] The features, nature, and advantages of the present disclosure wll
becone nore apparent fromthe detail ed description set forth bel ow when
taken i n wonpuwissison with the drawi ngs in which |ike refPerarsec@iobasact ers
identify correspondingly throughout and wherein: [0020] Figure 1 provides an
isonetric view of an exanpl e | oudspeaker. [0021] Figure 2 provides a side

vi ew of the exanple | oudspeaker shown in Figure 1. [0022]Figure 3 is a

00231 71 e BEsL iR B RA SN e "Bt r el od portion of the exampl e
| oudspeaker shown in Figure 3. [0024]Figure 5 is another close-up view of

the encircled portion of the exanple | oudspeaker shown in Figure 4.
[0019] The features, nature, and advantages of the present disclosure will become more

apparent from the detailed description set forth below when taken in conjunction with the
drawings in which like reference characters identify correspondingly throughout and

wherein:

[0020] Figure 1 provides an isometric view of an example loudspeaker.

[0021] Figure 2 provides a side view of the example loudspeaker shown in Figure 1.
[0022] Figure 3 is a cross-sectional view of the example loudspeaker shown in Figure 2.

[0023] Figure 4 is a close-up view of the encircled portion of the example loudspeaker

shown in Figure 3.

[0024] Figure 5 is another close-up view of the encircled portion of the example

loudspeaker shown in Figure 4.
[0025] Figure 6 is a close-up view of the encircled portion shown in Figure 5.
DETAILED DESCRIPTION

[0026] Various aspects are now described with reference to the drawings. In the
following description, for purposes of explanation, numerous specific details are set forth in
order to provide a thorough understanding of one or more aspects. It may be evident,

however, that the various aspects may be practiced without these specific details.



[0025]Figure 6 is a close-up view of the encircled portion shown in Figure
5. DETAI LED DESCRI PTI ON [ 0026] Vari ous aspects are now described with

r ef er encewoaotia3goawi ngs. In the foll ow ng descri pti onpCras2puopases of
expl anati on, nunerous specific details are set forth in order to provide a
t hor ough under standi ng of one or nore aspects. It may be evident, however,
that the various aspects may be practiced wi thout these specific details.

WO 2011/ O0PCT/ US2011/ 039161 [0027] Wth reference to Figure 1, there is
or 0wt dedltl7h s oMbtk FATE o EH by B enRp UG ITfRet Bt SRR P90 ey
include a frame 102 that includes a circular Eerjneter 104 and a nounti ng
ring 1061Q%. ghe londspasken HIO mpginduder adieme HRdhptongwdesak sicul@opsrayetpiniddide a
dorme or diaphragm 120 within the frane 102. The | oudspeaker 100 may i ncl ude
a suspensidonnouniag riogindo syst emadiBlarpites istiifareed Tab dwslspdagef t@mmal @klude a
[0028]Wth reference to Figure 2, there is provided a side view of the

| oudspeak@he 1R0diagiiiegrdUSERGIHRN (BY St 180, exhendsdsppmr dloy faomnthee a
nmounting ring 106 of the frame 102. The frame 102 nay further 1nclude a

plural i téﬁs?énsﬁiﬁtcff—rrstﬁﬁgwﬂ §&%&§n ﬂﬁﬁpcﬁﬁ%n@d Q@Jve]tljf@gfﬂ’f@ilﬁf may be a cup-shaped

bottom portion o me 102." The buttress ocks 108 and/or the pot 110
may be fornmed of nmetal or simlar material. A magnetic pole nay be

a1 ast et 280" Ml a8 B bR e P Bl R MBS ot e, ©

I r nen her
OUdspea’lﬁﬁ"e s&:sge s?ones;s‘sén{ ?%egxteends upwardly from the mounting ring 106 of the frame 102.

The frame 102 may further include a plurality of buttress blocks 108 and a pot 110, which
may be a cup-shaped bottom portion of the frame 102. The buttress blocks 108 and/or the
pot 110 may be formed of metal or similar material. A magnetic pole may be incorporated in
the lower most portion of the pot 110. Also illustrated is a fastener 200 for securing the

components of the frame 102 and/or other loudspeaker components together.

[0029] With reference to Figure 3, there is provided a cross-sectional view of the
loudspeaker 100. There is shown within the pot 110, a pedestal 300. Positioned above the
pedestal 300 is a magnet 310, which may be a permanent magnet of any known material
appropriate for utilization with loudspeakers. Positioned above the magnet 310 is a top plate
320, which is typically made from a magnetically soft iron or steel, or the like. Also shown
is a voice coil 330, which may comprise a voice coil former 332 and a voice coil wire 334.
The voice coil wire 334 may be wound around the voice coil former 332. It is noted that a
wrapper or covering may be placed around the voice coil 330. It is further noted that other
configurations of the frame 102, pedestal 300, magnet 310, and/or voice coil 330 may be

utilized without departing from the scope of the embodiments described herein.



[0029]Wth reference to Figure 3, there is provided a cross-sectional view
of the | oudspeaker 100. There is shown within the pot 110, a pedestal 300.

Posi t i onewloabovis34dne pedestal 300 is a magnet 310, whi cirCFAIS2008/0391pET Manent
magnet of any known nmaterial appropriate for utilization with |oudspeakers.
Positioned above the magnet 310 is a top plate 320, which is typically nmade
froma magnetically soft iron or steel, or the like. Also shown is a voice

coil 330 i ch conpri.se. a voice cojl forner_..332 _and oi ce il wire
Son rolopdPLe" SR e Semass ot S et R Eia o e cBnbGias 157 hisa 555,

It is noted that a wapper or covering may be placed around the voice coi
330. |t ¢ancpyp shape. Alomesycr g s rived gpRggITaiqroend bsf uscHevith agaphozm of
pedestal 300, nmagnet 310, and/or voice coil 330 may be utilized w thout
depar t i ngthér shptd esusic epefoofexihplecatvodvaxesitape deslor liked Asen@ed previiisly, the
2011/ 153490PCT/ US2011/ 039161 [0030]Wth continued reference to the

enmbodi negitpiehgi QOrQayBbe tnhﬂedicﬂmﬁﬁgmtalz@nﬁﬁaamogﬁaﬁ@s&tga&ey, stenvey eb;  t he
shown driver configuration can be used with a di aphragm of other shapes,

such, as. ol pex Rl En, AUERRKE ENARR: OfeldIe drl KEn-nfihul BT GV 04k, e

di aphragm 1 romany suitable material that provi

rigidity, such . f.or exanpl titanium al um numor other netal, or
non-netavm%%?5$$§$nf%?8fP%%R§§%}c, i npregnat ed/ rei nforced paper, etc.).
[0031] I n accordance with one or nore aspects of the enbodi nents descri bed

her ei n, re is provided an inproved | oudspeaker desi.gn for vibratian
conf i nen@ﬁgllanﬁgtaﬁ%%rem}?ﬁn%%ﬁgﬁw e PERoP bARECTBd S SO O
Figure 4, there is provided a close-up view of the encircled portion
(circl e Wpreofs prowidedagrpiaployed dpedskedkes klesian i far milyatien oniGpadnt jagd| stipss
there is shown in Figure 4 the attachnent of the diaphragm 120 to the
suspensi managenteet. Wath offerthe ©Ubpendbodimay sf ¢igutda@, thEhe isdpraphicdgneldoupray
extend from an inner diaphragmregion 122, which nmay be, for exanple,

dome- shapigd 6f theoaRirsha ioft Qcirdle QUt & thdi XRRHAEY BudSEHaRA dhddn WHELRrdBY
extend downwardl y/upwardly and attach to the suspension nenber 132. In

e N R M e R T A 7
;ﬁghgﬂ' t %gg%zséc&hqel?% esrplejasoif e srlrgpr)ret%leslronls?fgte&% ' elrh%r 1ePplh¥ag%9f1£0 %2{9 e;tlerelgl( ifr%'rne
an inner diaphragm region 122, which may be, for example, dome-shaped or cone-shaped, to
an outer diaphragm region 124, which may extend downwardly/upwardly and attach to the
suspension member 132. In certain contexts, the inner diaphragm region 122 may also be

referred to as a dome, a dome-shaped main body, an inner dome area, and a concave dome

region.

[0032] The suspension member 132 is preferably soft and flexible enough to allow free
axial movement of the voice-coil-diaphragm assembly, and may extend from an inner
suspension region 134 (which may include a lip) to an outer suspension region 136. The
diaphragm 120 is preferably lightweight and stiff enough to remain pistonic over as wide a
frequency range as possible. In the illustrated embodiment, the interface between the

diaphragm 120 and the surround or suspension member 132 includes a roughly 45 degree
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axi al nmovenent of the voice-coil-di aphragm assenbly, and may extend from an
i nner suspension region 134 (which may include a lip) to an outer

suspensi onorey/BaIL36. The di aphragm 120 is preferably PPcghisesiigbtieand
stiff enough to remain pistonic over as wi de a frequency range as possible.
In the illustrated enbodi nent, the interface between the di aphragm 120 and
the surround or suspension nenber 132 includes a roughly 45 degree bend in

t he shapge of. t he di aphragm 120 relative to hori zontal plane, and.is
Suppor 1 ol et s P Riivieel BT ltvetOp Rarioosd Mt ok SUbPoReH g y 90
degree bend of the outer diaphragmregion 124 relative to the inner

di aphr ageilindgrdnvaiop ceidforeaudd2 fiemt helowoudhrgughly 48 legecchesd pi theheuter

di aphragm 120 relative to the horizontal plane. As a result, outer

di aphr agdmpleggonegidd 124 celathe tb timemnsiud pensgonegieyi 2hcadh34sulam tby erdghly 44 t h
and attach to each other, and together forman attachment region 140, as

shown i nddgrgtbend in lthe dnhRicasand euamPlte, thdeohizémel puher A aphkagmitegi on
124 and the inner suspension region 134, as well as the resulting

attac h”eﬁ‘ita%llhggxh%%i%ﬂQM ahg Hh???%%lensri&{ "dﬁequm% oNeMaY dhidh! AQGhEY ayah

. ¢
t he inner ragmregi on 122 ., orthogonal region intersects at

roughly 90, degrees .relative to the inper.digphragmregion 122). [0033] The
Conb nxt FOR B vATR S Paiby ME bl ARG PR RETOY 558 LR et pREAG
directions of the attachnent region 140 versus the inner diaphragmregjon
122 meanSHHEHe: (e VR StRRIT A £5207s L o art%@l%ﬁ%ﬂ‘;séﬁmeaﬁ%%%@ lifgfsafr I
effectively isolated fromthe i nner diaphragmregion 122 of the di aphragm
120. | n @&t therresubtings attachmenforegpinst4dhiats eiithoeanilonkitize o ennpivartiplane threughegi on
outside the voice coil 330, |leaving the inner diaphragmregion 122 inside

t he voi céheciahér idphragihrepioheld2 fiest eticgonalt tegivn MQORAISViit foughint 9 degrees
reference to Figures 4-5, the inner suspension region 134 may overl ap and
attach wddivkheuRub&:r dipARhAREdnegbpn 124, thereby fornming a vibration
confinement portion 510. The outer suspension region 136 nmay be attached to
the franme 102 (e.g., at the nounting ring 106) with an adhesive/glue or

ot her kngﬁgﬁs]sm tghl c%n]ﬂfﬁzm?)in?&tetﬁgle&trleﬁle éiiﬁﬁfgéfdhﬁ)trme%ﬁigﬁd Thd @ftﬂé‘%ﬁtal

region 1 angling alipo outer “di ap m regi on ownwards at a

given angle (e. about 45 degr relative to. the hori.zo | pl ane)
Shite angrichgRs g fmat it MupShaho ek it adaeepRind e BB M
menber 132 upwards (e.g., about 45 degrees relative to the horizontal

| ane) t ouEVdHs ¥ivEAtORa 98 th syspensiqny R { Pre 2k pleretively igglated i the wagces
the peak stress in the suspension nenber 132 by nore than a factor of five.
Thi s geodeplrggmprrogipdd3d2 ohtheatigguadrendd.i in other edudsi thg nanypigpest vibygeons eeds
while inducing a primarily shear |oad on the material/adhesive interface,
agai nst ydifiabd bote tdytonnaiteide ahe aside aditSSOVRading thelinn@r dePUBIem Fgidn 11mt
the joint is extrenely resistant to crack propagation. It is noted that the
”Hter'a'h@ﬂ?%@éMﬁué&ﬁﬁiﬁﬁ&@h?éﬁhﬁﬂhﬁﬁkk&ﬁﬁ%f9”9 in shear, and that the
above-descri bed geonetry of the angled lips in the attachnment region 140
results in the | oad path occurring primarily in shear. |In another

enbodi ne ot - ' f .t ' i - e
e B B Sy
downwar ds, &p r edu k stress such as | e, when the

th ! o f 1tk
Cnner di QYSRIRGIAG AN 185 TRt SEPREEED ealaT shdpdhergpmuorming A Vibration

confinement portion 510. The outer suspension region 136 may be attached to the frame 102
(e.g., at the mounting ring 106) with an adhesive/glue or other known suitable technique. It
is believed that, at the attachment region 140, angling a lip of the outer diaphragm region 124
downwards at a given angle (e.g., about 45 degrees relative to the horizontal plane), while

angling a lip of the inner suspension region 134 of the suspension member 132 upwards (e.g.,
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[0035]In rel ated aspects, the | oudspeaker 100 or | oudspeaker driver may

i ncl ude a suspensi on nenber 132 extending from an inner suspension region
134 to arwoubariss49epensi on regi on 136, the outer suspen®COUS2@EPI08916136
attaching to the frane 102, the inner suspension region 134 overl appi ng and
attaching with the outer diaphragmregion 124 to forma vibration

confi nerrent portion 510 oriented at a defined angle relative to the i nner

di aphr ag ion 122. An. orie |on of .t he vi hrat on conf | ortion
510t PG, e st st dioreet HHEE teralish b g bAIBE e

spuri ous bend| ng waves from the suspension nenber 132 [0036J)Wth reference
to Fi gurérgtiontolifgregnireduaenaic pek digsen ticapnpaagionragmon B24bymprgéhan a
susceptible to bending notions that are perpendicular to it, but is |less
suscept i fakwrtod five- pllaseecomtirppsoviddsethe eaddéd hetefib efi déd‘ngirrgoariyopeed)ftypd']bads

surface of the material of the diaphragm 120 will |ook |Iike a sinusoidal
wave 610walpefdubingsestiRaill RBeRUbLT olliRRhAEGAN aﬁﬁglwmie%f’ace , pRinstWhicArboét t he
end point 620 of the outer diaphragm regl on 124 (i.e., the end point 620 at

or near ﬁllagnrg@rnﬂ 80 lh&id 2P gﬁﬁg oud, hbt‘ﬁapﬁl% Bgllﬁgis dt% hpretsf@ﬁnﬂbr {age of

the outer diaphragmregion 1 Sim el nner ragmregi on 122

isalsover r e|n erms o

out - of - pharie gl dsls hel MR B ﬂaw@a@ﬁ@h@ g lsatypﬁliv R g m
region 122 and the outer d| aphragm r egi on 124 are conbi ned, the weak

di rect i ofabheRBpYHACSSFD %é@%&ﬂt@r gfoth%laﬂg SG A3 égtharatt;mn%rr?%%éﬂ%ewkss {he
strong direction of notion of the inner diaphragmregion 122, such that
there i stheilead patlopcovericmprpomdtin sficat.hbn et egibadivens ot strevi)nihe dipditalshr agm
region 122 transmtted by the outer diaphragmregion 124. [0037] Attachi ng
the |ip eutet Hphmger reuspedd inty beghglad hipdvairds, twigledarpbing agenlip20f the inaer

suspension region 134 downwards, to reduce the peak stresses, such as, for example, when

the inner diaphragm region 122 comprises a convex shaped dome.

[0035] In related aspects, the loudspeaker 100 or loudspeaker driver may include a
suspension member 132 extending from an inner suspension region 134 to an outer
suspension region 136, the outer suspension region 136 attaching to the frame 102, the inner
suspension region 134 overlapping and attaching with the outer diaphragm region 124 to
form a vibration confinement portion 510 oriented at a defined angle relative to the inner
diaphragm region 122. An orientation of the vibration confinement portion 510 at the
defined angle isolates the inner diaphragm region 122 from spurious bending waves from the

suspension member 132,

[0036] With reference to Figure 6, it is noted that the outer diaphragm region 124 may be
susceptible to bending motions that are perpendicular to it, but is less susceptible to in-plane
motions. The resultant bending motion of the surface of the material of the diaphragm 120

will look like a sinusoidal wave 610 superimposed on the outer diaphragm region 124. The
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manner described herein increases the robustness of the joint, as well as
manuf acturing tol erances, while reducing stresses otherw se associated with
at t achi ngwe 28ugi3a4¥8i on nenber 132 directly to the di aphragmsi®0d/,03416038] A
chal  enge with | oudspeaker devices is their sensitivity to stiffness
variations, which can result in rocking nodes where the coil will tilt and
strike the notor. One nmajor reason for these stiffness variations is a

non- pl anar .surround or.nagn-pl.anar attachnent af surround 132 t he
ot Pa30mowsn &l PECHAGOEE AR ulk HETETEN graa 1197 (ot BESnd aBit Sef ot foss
variations or asymmetry by providing the very rigid and di nmensionally

st abl e n@aathesbgndaftthe mﬂnétagmé voll besrpgndishlan gnihe zorfaee efiibe apics dmplrgm
structure for the surround 132. The resulting mnimzation of stiffness
asymet r segidnr i@ds | Samdsrly,rtho irmegephipgml rdgioatl@? ianso herghegid poteens hemdplamyg and
excursion for the | oudspeaker 100. [0039]In accordance with one or nore
aspects gbtibmeue MBI AEEsATDU-0PERANE E6reésN, AFh BidtBSwierdthe $Ho¥E @AnhEeNMBP! ary
apparatus 100 (e.g., a |oudspeaker or driver) that conprises a frame 102,

as wel | @%Pﬁa%h%%pﬁm 1289 1SR ifshr iR RA 1Sk LhdRagWEH Rcdad o
an outer aphragmregi on 124. The outer di aphragmregion 124 nmay bend at a
defi ned le relative t.o the inner diaphra region 122 . The appar.atus nmay
o eo conth o Sk pife hRRhREmyERRE 434 R EREM L SAbS N irehn BPBRLRLYE
region 134 to an outer suspension region 136. The inner suspensi Qon region
134 ey GGMISEFIARAGEE ©°8OR Mt frep it iireis Hilapraagtmpasnios tﬁ?h?ndaraﬁjwwre

outer suspension region 136 may attach to the frame 102. In one enbodi nent,
t he defiﬁm@Kdﬂg@éﬁmgW%b@r%ﬁmmééhﬁahmmwﬁﬁﬁﬂhegu@eémahﬁgGM©ﬂDn125 degr ees.
For exanple, the defined angle nmay be approxi mately 90 degrees. 100401l n
rel ated aspects, the frame 102 nmay conprise a nmounting ring 106 within a
hor i zont HI03P] ane\ttaahmgtthe lip wt eie BuspensémBionrregioon 3436 thayiaplirhgah 20an ttie
nmounting ring 106. A downward pl ane through the outer diaphragmregion 124

may i nt emseed Wséribddhgerbiar ingRaicd! thlrab@stuks ifeh&psint, | ROwEN NG A fadturdn i ven
angle (e.g., between about 15 degrees to about 60 degrees). For exanple,

the gi Ve{&h&%@eg’, Wik IQSU&H? Et?&%&%ﬁéx%is%}s%%&?&ith §h§3ﬂi€g % ﬁusp%%iﬁg%ﬁl%elpl ane

t hrough the i1 nner suspension region may 1 ntersect rizonta

pl ane at i.ven_angl su as, for exanple, between about 10 degrees to
about 701%£§W%g¥ ?gpdﬂaﬁ%%%?ggfnately 45 degrees as shown in the enbodi nent
of Figure 4). 100411lin further related aspects, a voice coil 330 may be

ocat ed [%%lf”g]w arz]&d cl?eql?e\rlligg E\';vith loudspeaker devices is their sensitivity to stiffness variations,
which can result in rocking modes where the coil will tilt and strike the motor. One major
reason for these stiffness variations is a non-planar surround or non-planar attachment of the
surround 132 to the coil 330. This technology described herein greatly reduces such stiffness
variations or asymmetry by providing the very rigid and dimensionally stable metal support
structure of the diaphragm 120 as the attachment structure for the surround 132. The
resulting minimization of stiffness asymmetry, translates into higher yield rates and higher

power handling and excursion for the loudspeaker 100.

[0039] In accordance with one or more aspects of the embodiments described herein,

Figures 3-4, show an exemplary apparatus 100 (e.g., a loudspeaker or driver) that comprises
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structural support to the diaphragm 120. In yet further rel ated aspects,
the i nner suspension region 134 and/or the outer suspension region 136 nmay
conpri se Whangeis349 I n still further related aspects, tRreTiuse@n/ogdiaphr agm
region 122 may conprise a concave shaped donme or variations thereof. In
anot her enbodi nent (not shown), the inner diaphragmregion 122 may conprise
a convex shaped done or variations thereof. It will be noted that the

di aphragm. 12 C ri se any suitabl e shape, configuration, or

i mons: REATERR Y| DA SR BUR LR RGP B e 4R O AP R BRUSPUSRAP el gn.
1004211 n accordance with one or nore aspects of the enbodi nents descri bed
her ei n, Wtehdiepegmuegiondfdr diieoues dupfess region 13hmay hebd at ydetog angle
conprise a diaphragm 120 extendi ng from an i nner di aphragmregi on 122
(e.g., arlittyaeo tldomeeadiep)rago ragionul2r ToheapharagnniBdal§@ cogmprieud euspemsierd ar
area). The outer diaphragmregion 124 may bend at a defined angle relative

to the imegbedZPBXBMTHE EBnOAn 1ddr sUPpRnaP afeddil $34L @D amBMtet WiidpbRdion e se a
voi ce coil 330 | ocated bel ow and providing structural support to the

di aphr agel2@y, 3 rys%ﬁe%]sﬁﬁi Ije%llgﬁ G 3@(151%)2 d 8% Eﬁrh@acﬁg&zgf? hedgRr GfpfiraloBP

edge, the top edge intertfacing with t di aphragm 12 etween the’i nner

di aphragm r egi 122 and_ t he outer diaph mregion 124. In o enpodi nment ,
e’ der | HEtTabgl ¢ e B Hor Bt o boras: Aoy oRu 4 b oetm§ 382 el s
(e.qg., approximtely 90 degrees). [0043]In rel ated aspects, the apparatus
100 may ?fﬂ?%@ﬁmeéhﬁpwfg@daml%w&e eteranaiogh redesises 189 aboylehi &ﬁr?%m an
i nner suspension region 134 to an outer suspension region 136, the inner
suspensi ber axegipten the3ieloedangpmian §e approamaidhiofglegiceh t he out er di aphr agm
region 124 of the diaphragm 120. In further rel ated aspects, the inner
suspensi on region 134 and/or the outer suspension region 136 may conprise
fl ange( s)0040n t hHe rplaedesspeaxahplfmmd h@2 inmayecontiraphr agomtiegriog 1082wvtlanpr i ses
a concave done. However, it will be understood that the inner diaphragm

regi on 1R Bl pRIAB Andiethadyited Wirdpaidien SHARE 1 IEndly attdcCQNUME AR ria@niosal
shape, etc.), configuration, or dinensions, depending on the particular

appl i cat kot LO0AG1Lh O 1RGEA B 0GRy WabRra8R&e@ion Tk tnASREALS: Qith iHhorizontal

enbodinentsvg%scr?%édlﬁeﬁg{n, wﬁgﬁh%oﬁg?hﬁ_ﬁnrefefgﬁce to |gure§H§9ﬁ? t he

apparat ugla%e() gf %ymgu%%é Ir%% 1%6fart %Eve%oazngpeaeél.gr.],gbetween about 15 degrees to about 60
degrees). For example, the given angle may be approximately 45 degrees. Similarly, an
upward plane through the inner suspension region 134 may intersect with the horizontal

plane at the given angle, such as, for example, between about 10 degrees to about 70 degrees

(e.g., approximately 45 degrees as shown in the embodiment of Figure 4).

[0041] In further related aspects, a voice coil 330 may be located below and provide
structural support to the diaphragm 120. In yet further related aspects, the inner suspension
region 134 and/or the outer suspension region 136 may comprise flange(s). In still further
related aspects, the inner diaphragm region 122 may comprise a concave shaped dome or
variations thereof. In another embodiment (not shown), the inner diaphragm region 122 may

comprise a convex shaped dome or variations thereof. It will be noted that the diaphragm
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an annul ar flat surface within a horizontal plane, as well as a di aphragm
120 extending from an inner diaphragmregion 122 (e.g., an inner concave
dore regiwoRotigisavoout er di aphragm regi on 124 (e.g., anPoUtusSeolansubar
region), wherein the outer diaphragmregion 124 may bend (e.g., extend
downwardly or upwardly) at a defined angle (e.g., between about 15 degrees
and about 60 degrees) relative to the horizontal plane. The apparatus 100
may furt conprise a suspension nenbef 132 extending. from an inner
Suspensi b PEgi EYMRAE 18 AN SRoRy SRRASHANON i GRICTSENS W FRCBTHE 1k Hrner
suspensi on region 134 may overlap and attach with the outer diaphragm
regi on 1pyticperprhestonpriousdspeaker desiggpensi on regi on 136 may attach to the
annul ar flat surface of nmounting ring 106 of the frame 102. In rel ated
aspects, the apparatus 100 further may conprise an upwardly extendi ng voice
coi | for 8942832 Ih katordarmei Witls ot ranghencalspsaippodithe embodimedisagsiseraypah H26in,
[0045]In the exanple of Figures 3-4, the defined angle is approximately 45
degr ees; whhweuttuedirtfendrct tOFigineles-g1 archpphatust 10O @y esmpiiaph daghtagagizn 124
of the diaphragm1 20 may bend at other suitable angles. Simlarly, the

i nner  sUSRENEHP Tronf GhOfndB AiFRMoRX t&ch UPYALS YarRlndch &1c@Mereal (SidM b@kr
angl e as conpared to the deflne§ angl e of the bend in the di aphragm 120.

[ 0046] Whj, | esent invent i S en. il l.ust . cribed wth
part i cul SProeR PR ol AT Rt R e P SR B 2B R b
that no [imtation of the scope qf the inventjqgn is intende her e
Feat ur esd%fmnear?yg@f refaie i ﬁléeg&nﬁbgwaﬁ%aﬂsregwa i s ama%qgﬁ B0 Ve or
added into the others, as will be apparent to those of skill in the art. It
shoul d af®@BPIBE auvRies seibddl 1eratedvhptovarand fsovading eugiural Serpost todhd deHPhEISHS
descri bed herein incorporating the principles of the present invention wll
occur tol2(hosevate arbd3thexyterskngd fromm bdtonacdgeatod: tpptedpe the topicdgt hecdadgge of
the invention. WD 2011/153490PCT/ US2011/039161 WHAT | S CLAI MED:
with the diaphragm 120 between the inner diaphragm region 122 and the outer diaphragm
region 124. In one embodiment, the defined angle may be between about 45 degrees and

about 135 degrees (e.g., approximately 90 degrees).

[0043] In related aspects, the apparatus 100 may further comprise an annular suspension
member 132 extending from an inner suspension region 134 to an outer suspension region
136, the inner suspension region 134 overlapping and attaching with the outer diaphragm
region 124 of the diaphragm 120. In further related aspects, the inner suspension region 134
and/or the outer suspension region 136 may comprise flange(s). In the present example, the
inner diaphragm region 122 comprises a concave dome. However, it will be understood that
the inner diaphragm region 122 may comprise any suitable shape (e.g., a convex dome,

conical shape, etc.), configuration, or dimensions, depending on the particular application.

[0044] In accordance with one or more aspects of the embodiments described herein,

with continued reference to Figures 3-4, the apparatus 100 may comprise a frame 102 having
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1. A | oudspeaker, conprising: a di aphragm extendi ng from an i nner

di aphragm region to an outer diaphragmregion, the outer diaphragmregion
bendi ng avoaoderfss4ved angle relative to the inner di aphragmiusegitosién framne;
and a suspensi on nenber extending froman inner suspension region to
an outer suspension region, the outer suspension region attaching to the
frame, the inner suspension region overlapping and attaching with the outer
di aphragm region, to form.g.vibratio onfinenent portion lented at. the
et | ned ShEdlah e e ROt A A P gl Gritraem 120 GHendipg g
orientation of the vibration confinenent portion at the defined angle

i sol at esait Haer fiaphragmgsaoadrred i INRYrHospAMC damee el A anavEs dfapBragihe

out er suspension region. 2. The | oudspeaker of Claim1, wherein: t he
i nner sussgemsli2dr(cige gn@oteanonyleregion g rwidirap trcagner @gphoagmareziat t Zcmeyd bartd an
I nterface with an adhesive; and the orientation of the vibration

confi nengid., pasdd aswakardReodehhaen)ang! @ﬁhe@luﬁge (8.gRHctBden! dbosh R idepi@ad on
the interface, thereby strengthening the interface. 3. The

| oudspeagy aQfut (HOahggrées) wegied o e hgﬁédn@eﬁdplg&g | €hl SapPRRLRX | (matnﬁlyyfu%er

degr ees.

comprise a suspension member 132 extending from an inner suspension region 134 to an
outer suspension region 136, wherein the inner suspension region 134 may overlap and attach
with the outer diaphragm region 124, and wherein the outer suspension region 136 may
attach to the annular flat surface of mounting ring 106 of the frame 102. In related aspects,
the apparatus 100 further may comprise an upwardly extending voice coil former 332 that

provides structural support to the diaphragm 120.

[0045] In the example of Figures 3-4, the defined angle is approximately 45 degrees;
however, it will be understood that the outer diaphragm region 124 of the diaphragm 1 20
may bend at other suitable angles. Similarly, the inner suspension region 134 may extend
upwardly at the same or similar angle as compared to the defined angle of the bend in the

diaphragm 120.

[0046] While the present invention has been illustrated and described with particularity
in terms of preferred embodiments, it should be understood that no limitation of the scope of
the invention is intended thereby. Features of any of the foregoing methods and devices may
be substituted or added into the others, as will be apparent to those of skill in the art. It
should also be understood that variations of the particular embodiments described herein
incorporating the principles of the present invention will occur to those of ordinary skill in

the art and yet be within the scope of the invention.
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4. The | oudspeaker of Claim1, wherein: WO 2011/ 153490PCT/ US2011/ 039161 t he
frame conprises a nounting ring within a horizontal plane; and the outer

suspensi omoreg/Baat t achi ng to the nounting ring. PCH/USTH1a/0BDads peaker
of Claim4, wherein a downward plane through the outer diaphragmregion
intersects with the horizontal plane at approxi mately 45 degrees. 6.

The | oudspeaker of Caimb5, wherein an upward pl ane through the inner
suspensi .on intersects with the horizontal plane at approxinately 45
LT I

degre Q'e | oudspeaker of Claim 1, further conprising a voice
coil fornmer |ocated bel ow and providing structural support to the

di aphragm 8. The | oudspeaker of Claim1l, wherein at |east one of
the i nner dusperslwdsncakrosPBpiébingie out er suspensi on regi on conprises a
fl ange. 9. The | oudspeaker of Claim 1, wherein the inner diaphragm

regi on conpri ses dnghragmeaxtandory gomhapevheddmphmgm rgomnivean shizpdipimge
region, the outer diaphragm region bending at a defined angle relative to the inner
diaphragm region;
a frame; and
a suspension member extending from an inner suspension region to an outer
suspension region, the outer suspension region attaching to the frame, the inner
suspension region overlapping and attaching with the outer diaphragm region to form a
vibration confinement portion oriented at the defined angle relative to the inner
diaphragm region;
wherein an orientation of the vibration confinement portion at the defined angle
isolates the inner diaphragm region from spurious bending waves from the outer

suspension region.

2. The loudspeaker of Claim 1, wherein:

the inner suspension region and the outer diaphragm region are attached at an
interface with an adhesive; and

the orientation of the vibration confinement portion at the defined angle induces a

primarily shear load on the interface, thereby strengthening the interface.

3. The loudspeaker of Claim 1, wherein the defined angle is approximately 90

degrees.

4. The loudspeaker of Claim 1, wherein:
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10. The | oudspeaker of Claim1l, wherein the inner done area of the

di aphragm conpri ses a cone-shape. 11. A | oudspeaker, conpri sing:

a di aphr ayom2exttsadong from an i nner done area to an out ecTarseahasolar ea, the
outer annul ar area bending at a defined angle relative to the inner done

ar ea; a voice coil former |ocated bel ow and providing structural
support to the diaphragm the voice coil forner extending froma bottom
edge to a top.edge, the top WO 2011/ 153490PCT/ US2011/ 039161 edge

i nterfacind® T?IHQPWEPH%%&HEQ‘&W%&% g Png‘”i“?ﬂ’i’é PfBfe?r ea and the outer
annul ar area; and a suspensi on nenber extending from an inner
suspension region to an outer suspension region, the inner suspension

regi on overlaPEFHESRENEoateEiem RIS A thyBOWIHG Mganul ar area to form a

vi bration confinenent portion oriented at the defined angle relative to the
i nner done area; wherein an orientation of the vibration confinenent
portion at 5the dékilpaldpeakgt ef Claon 4t ehereiner dawreyard ptase direwg!f thewutspur i ous
bendi ng waves fromthe outer suspension region. 12. The | oudspeaker
of O aligphialym waemantersects with the horizontal plane at approximately 45 degrees.

6. The loudspeaker of Claim 5, wherein an upward plane through the inner

suspension region intersects with the horizontal plane at approximately 45 degrees.

7. The loudspeaker of Claim 1, further comprising a voice coil former located below

and providing structural support to the diaphragm.

8. The loudspeaker of Claim 1, wherein at least one of the inner suspension region

and the outer suspension region comprises a flange.

9. The loudspeaker of Claim 1, wherein the inner diaphragm region comprises one

of a concave shaped dome and a convex shaped dome.

10.  The loudspeaker of Claim 1, wherein the inner dome area of the diaphragm

comprises a cone-shape.

1. A loudspeaker, comprising:

a diaphragm extending from an inner dome area to an outer annular area, the outer
annular area bending at a defined angle relative to the inner dome area;

a voice coil former located below and providing structural support to the

diaphragm, the voice coil former extending from a bottom edge to a top edge, the top
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t he i nner suspension region and the outer annular area are attached at an

interface with an adhesive; and the orientation of the vibration
conf i nemew0 2partsB49n at t he defined angl e i nduces a shearcCirasdoion3dibe
interface, thereby strengthening the interface. 13. The | oudspeaker

of Claim1ll, wherein the defined angle is approximately 90 degrees.
14. The | oudspeaker of Claim 1ll, wherein at | east one of the inner
suspensi on

region_.and the outer suspension region conprises. a flange.
15 The. | oSSR EARGRISH Ve e TR SERGEGH Pt HE (T APTB G S oe SpisE Agnilar
di aphragm conpri ses one of a concave shaped done and a convex shaped done.
WO 2011/ 153430pElr/ US2011/ 039161 16. The | oudspeaker of C aim 11,
wherein the i nner done area of the di aphragm conprises a cone-shape.
17. A | oudspeaker susperspmi sieniper axfendine finai ang imenouspensign megign Wo tani outar
hori zontal pl ane;

suspension region, the inner suspension region overlapping and attaching with the outer

annular area to form a vibration confinement portion oriented at the defined angle relative

to the inner dome area;

wherein an orientation of the vibration confinement portion at the defined angle

isolates the inner dome area from spurious bending waves from the outer suspension

region.

12.  The loudspeaker of Claim 11, wherein:

the inner suspension region and the outer annular area are attached at an interface
with an adhesive; and

the orientation of the vibration confinement portion at the defined angle induces a

shear load on the interface, thereby strengthening the interface.

13. The loudspeaker of Claim 11, wherein the defined angle is approximately 90

degrees.

14.  The loudspeaker of Claim 11, wherein at least one of the inner suspension region

and the outer suspension region comprises a flange.

15.  The loudspeaker of Claim 11, wherein the inner dome area of the diaphragm

comprises one of a concave shaped dome and a convex shaped dome.
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a di aphragm extendi ng froman inner concave donme region to an outer annular
region, the outer annul ar regi on extendi ng downwardly at a defined angle
rel ati ve wo 20hie1sbusni zont al pl ane; and a suspensi oRrCrars@n/oeusendi ng
froman i nner suspension region to an outer suspension region, the outer
suspensi on region attaching to the nmounting ring of the franme, the inner
suspensi on regi on overl apping and attaching with the outer annular region
of the dia?rag rmav ratl onfi enent ortlon |en ed at the
def i ned ang B2 Rk 1 DonkPnsPSae adRe irhc R iRyt
orientation of the vi bration confinenent portion at the def| ned angl e

i sol atceBIPEipRs 4 gomershevncave done regi on of the di aphragm from spurious

bendi ng waves fromthe outer suspension region. 18. The | oudspeaker
of Claim17, wherein: the inner suspension region and the outer
annul ar redi’on &k budspcakdrecoraprisang:i nt er f ace wi th an adhesi ve; and t he

orientation of the vibration confinenent portion at the defined angle

i nduces a shear al famit Rviddemboth@id @eewithiner iediostal glags;heni ng the interface.
19. The | oudspeaker of Claim 17, wherein the defined angle is approximtely

45 degrees. WO 281 rda3 4R RREHUREA LY B3&1&hcave dome region to an outer annular

region, the outer annular region extending downwardly at a defined angle relative to the
horizontal plane; and

a suspension member extending from an inner suspension region to an outer
suspension region, the outer suspension region attaching to the mounting ring of the
frame, the inner suspension region overlapping and attaching with the outer annular
region of the diaphragm to form a vibration confinement portion oriented at the defined
angle relative to the horizontal plane;

wherein an orientation of the vibration confinement portion at the defined angle
isolates the inner concave dome region of the diaphragm from spurious bending waves

from the outer suspension region.

18.  The loudspeaker of Claim 17, wherein:

the inner suspension region and the outer annular region are attached at an
interface with an adhesive; and

the orientation of the vibration confinement portion at the defined angle induces a

shear load on the interface, thereby strengthening the interface.

19.  The loudspeaker of Claim 17, wherein the defined angle is approximately 45

degrees.
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20. The | oudspeaker of Claim 17, further conprising a voice coil forner that
provi des structural support to the diaphragm
WO 2011/153490 PCT/US2011/039161

20.  The loudspeaker of Claim 17, further comprising a voice coil former that provides

structural support to the diaphragm.
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