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A M CRO SPEAKER FI ELD OF | NVENTI ON Thi s invention

relates to a mcro-speaker that is able to reproduce
wanesoIsignal s at | ow frequenci es usi ng sever aPCT/CN2007/000408

di fferent setups. BACKGROUND M cro-speakers are

AMGRAISPEAKER n portabl e audi o and nul timedi a systens

for their small size, light weight and aesthetic

appeal . However, the small size of such speakers is
FIEAD OF RVBENTE2Non why t he acoustic performance of

such speakers is not ideal. The small size of such

speakers generally causes high resonant frequency fs,

a4 ) . SD = heil e I _

TR ML RIS [ Thcky spiaked (ot s ST i aRHuce audio
sigsaldett dowrinequebgies tusingeseveral differsphentupst s as per the

following equation, 1 1/ . 2 n Cmwhere Mn= tota

mass of vibration system (includes di aphragm dustcap,
BAGIKKEROWYND surround, spider, adhesive and additional

radi ation mass), and Cm = total nechanical conpliance

fromsurround and spider. Cmis determ ned as per the

f ol | ow e ti - - ' e
vibsBEaRetsr o Tnnlh dsekui orfiBle AR, 2P Bl Afhe WA Btems
foe ealt ba sizeRabRL Welight tamdt Asstiaétiy apmadl] Hoadverune isandl size

it can be seen that resonant freguency fs na

b
of] gigbr sReakers isdhedirinayoisgsPandyy 1 acouste @@rf.yogn%mwf such
iy : '
siifark Eﬁét@@'ﬁéﬂ The ér‘lgﬁﬁ s@?@éd@ﬁépﬁke@@gﬁéﬁ@[ﬁausas high

I nvent | ere 1's provided a m Ccrospea
reispnanidiesque oy fi,radd loal acbhusgbrsegsitivity.h a coil coupl ed
to a first end

Theile-Small theory states that the low frequency cutoff of loudspeakers is

determined by its resonant frequency f; as per the following equation,
1

1
‘f; - EE \Y Mms Cms

where M _ = total mass of vibration system (includes diaphragm, dustcap,

ms

voice coil, surround, spider, adhesive and additional radiation mass), and C

ms

= total mechanical compliance from surround and spider. C is determined

ms

as per the following equation,

1 1 1
= +
C;ns Cs‘urr Ctvpider
where C,,, = surround compliance, and C_,. = spider compliance.

Referring to the aforementioned equations, it can be seen that resonant

frequency fs may be lowered if the total compliance C

ms

is larger.
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of the diaphragm and a horn coupled to a second end

of the diaphragm the horn nounted upon an upper part
woboos/ospenker frane. It is advantageous that ipdoeaeo7/000408

vi bration of the coil reproduces audio signals at a

SUMMABYREANVENO®hcy, which correspondingly all ows

for I ow frequency reproduction of audio signals by the
m cro- speaker. A shape of the horn nmay affect either
Inr adiret epibcaimantof ithdi @tsem reentomnthere Tiaeprovided a micro-

oL T A o P o
of e gﬁéeﬁr{ﬁ%pg{ﬁe%#ﬁ@%m eagblearte Rsb cRAIOF 1196 _d‘{%ra%m, the

spe aphragm nay be nmade of either
horetrabumtedaupaet ah uppeopart Af duspasker franadt issadyantaganisr that

Inghh SUTgHa <Oihe S GEBHREY PUddoRE) Pyt b 100 dsonant
frWﬁQ&hé%&?%r%sﬁBﬁ@iﬁ@iyfQIIOWQ'TBP i@ Clee@leridyereiirbdedtion of

der preferable being made of a material
audic sigrsals flyr thex aniploespaakes- Ar share of Bhe diore dneyafiset either

l,i nen. The nechani . | iance of the spider may be
ragifion A ke %ﬁaﬁ'aﬁﬂnﬁ%gﬁg‘@t he spider. In a second
enbodi nent of the present invention, there is provided

a m crospeaker including: a cylindrical digphragm Zégh
The ¢eicro-sbepkasdmey Hhp Hcledr) BBPIRE SHTQYR yflingrical
iSPhARIm S Lert ASuAiAPI SpbSis pAeidid a |
By A B sfer B S P e oS Pl ot 1 Igwer
parpehies speaker frante.i Eheadiaphtanye omsy baawadedieithier a metal or a
vi bratiop of the coil repr.oduces, audi o signal t
PR Iek o AP IL eI D AVEG ooty FRERT ey Bohragm.
reproduction of audio signals by the mcro-speaker.
The reproduction of audio signals at |ow resonance
The erppendycticay dieaddipesimals uponow resemant cispquency may be

conpl i ance of the spider chanjcal L] -
oGRRBR G, B BN P L p BT A"6 Shier
preférdBle B&ifgThad® of ReakieriansucH &g, tfbeexampley desta-aramid fibres,
surround around a second end of tOES di agﬂargﬁm}gith t he
caffiphr Hgen bEhe nerhaaicl cemaliance ofdhespigter dMiay Pg| dependent

upon an area of the spider.

In a second embodiment of the present invention, there is provided a micro-
speaker including: a cylindrical diaphragm with a coil coupled to a first end of
the diaphragm; and a spider surrounding the diaphragm, the spider being
mounted in-between an upper part and a lower part of a speaker frame. It is
advantageous that induced vibration of the coil reproduces audio signals at a
low resonant frequency, allowing for low frequency reproduction of audio
signals by the micro-speaker. The reproduction of audio signals at low
resonance frequency may be dependent upon a mechanical compliance of
the spider. The mechanical compliance of the spider may be dependent upon

an area of the spider.
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all oy. A dustcap may cover the second end of the

di aphragm The surround may preferably be nmade of a
woraaosnpsh1 of hi gh mechani cal conpliance such aBCT/ANR007/000408

exanpl e, rubber, cloth-jmersed rubber, polyners,

Theo BnisrocRRasker mraCfytherancodesRalE8d #rosnde? Steﬁaﬂg 'trﬁm@' of
r i ti.an faul i

thB (FfftghT KRR, 4800 BBl Rfy 'véind mRELP efRer BelA %t & dnetal

all@?Sf\rdea@ﬁnba%yowér ﬂmﬂ?éddndt end v tlex apheagmi. yThe surround
referr embodi nent t i ion, th

B BETPREIG HO BBRG ChP A ER L HEE P hekiE s COBTHIERGF ageh as.

fol Ek&ﬁbfeahh&t%rgf:ﬁ%%ﬁwergé&%e% ;Zcﬂ Od_rs”?& or foam cotton.

cross-seéctional view of a first i ment of the

present invention. Figure 2 shows a perspective view

oRbgHETIOUREBRAIE .1, {1 Pt et

conventional m cro-speaker. Figure 4 shows a resonance
nmode refresent ation of a conventional m crospeaker _
Insdergthat Hie preseshisiventionmayi ke Bily|usrerstegd angl readily put into

Figur hi O
oY SRt IR R BES BB R STASK o L
orflY §irefRirednahibdidiments! ofivifer prrsentiieeentitingihe disshiptisn deing

cross-sectional view of a second ea;‘bodi ment of the
wilt esferancerdRe iasrompPRGYIng "?‘Jé'ﬁé‘b@ aWHSSpect i ve view

of the second enbodi nent of the present invention.

Figure 8 shows a resonance node representation of the
Figemondshemvmdi cress-settiohal yewsena firstvembodiment aigthe present
. finite element analysis at |ow frequenci es.

INYERSER: PTI ON OF PREFERRED EMBODI MENTS Referring to

Figh@ beshdwa ! prsidteive ViswPsoted bt arabogitnetrcdii theapresent
~and perspective view respectively of a first
ingertfoon. mrent of the present invention in

Figure 3 shows a cross-sectional view of a conventional micro-speaker.

Figure 4 shows a resonance mode representation of a conventional micro-
speaker using finite element analysis at low frequencies.

Figure 5 shows a resonance mode representation of the first embodiment of
the present invention using finite element analysis at low frequencies.

Figure 6 shows a cross-sectional view of a second embodiment of the present
invention. ,

Figure 7 shows a perspective view of the second embodiment of the present
invention.

Figure 8 shows a resonance mode representation of the second embodiment

of the present invention using finite element analysis at low frequencies.
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring to Figures 1 and 2, there is provided a cross-sectional and

perspective view respectively of a first embodiment of the present invention in

the form of a micro-speaker 20. The micro-speaker 20 includes a cylindrical
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the formof a mcro-speaker 20. The m cro-speaker 20

i ncludes a cylindrical diaphragm 22 with a coil 24
wa@owmglogsd4t o a first end 26 of the di aphragm 22PCTa2007/000408

di aphragm 22 may be made of either a netal or a netal

diaphragm 22 mithra eail ahgodeledda s gt ead 265 dbe dianhdagn 24 The
: ' T | f 8 to th
iR PER A& ool AR LB e AR RD 1 e,

an edge of the second end 30 of the diaphragm 22. The
horn 28 may be securely nounted upon an uppe

A bpry Zheveber qapled 1her BorR KBJaSY MR llgéh%gbiﬁzﬁg'f he
cogggngggggghsw 28%0 Ghe B0 RRATRIBE fie diapﬂu@gg % Aapbe at

I on resistance nay be dependen pe
orcdfrotihé dmoedg@ ®f thidesebond e28 3 yf ithe disseragot 82. The horn 28

b B A, Sl aP Ik o 810 £ 8518 She, There
mé YOBPaRkRAD29 | Ebrefihg! hensérnp wnd 86 péfomé:ui@h-rag:@ezz.

cro-speaker 20 may have a spider 34 surrounding t
Ragliationd eremlandi raghatiegmesisiandie: mayhze sippeadesau agshape of

unt iA- bet we t he . r f, a s
g3, ThodbE2h o7 HERAes0ikh Rkl SB°A i
ragiBtiger redisthnsge a doﬁ’@gﬁdjncﬁhglﬁi éahdheifgt eensitiiey of the micro-

mechani cal conpliance of the spider 34 increases. The
spepkeie£0 Burefaforbo seund EPradddional s such as, for

exanpl e, neta-aramd fibres, cotton, linen and the

i ke. The spider 34 may keep the coil 24 in a central
THeo shittoespedkearh20 mnayohsyee ak epiddd B¢ puroourdling the cylindrical

S Pt T S ke TSP o
th%égre]gg@vgﬁ?hﬁd?}@ QRdVd Rj’vé’ér:oﬁ’ém 8f tHe18p&Mdr 8B . tidthiehgpider

In the mcrospeaker 20 causes reproduction
3dohasadargesiaptsitie diarheten theonephankieal onpliangsl &f the spider 34

, d di j I t I t

G BRSRE nb e PG oaL e P oRe T TR et B Sample.

mé&tadiahsid fvréd) ool herPaad tie Mks. THeespiger 84iuedy Reemthe coil
audi o signals at |ow resonant freguency is dependent

24 ipom cepBahpesition ehthebrgsPisRtakebrl yeProyiding aggstafpgferce
if ﬁw@ecd'ﬁefﬁgnﬂigﬁllaced from the central position where the coil 24 surrounds

a magnet 21.

When induced vibration of the coil 24 due to the magnet 21 in the micro-
speaker 20 causes reproduction of audio signals, the micro-speaker 20 is able
to reproduce audio signals at a low resonant frequency, allowing for low
frequency reproduction of audio signals by the micro-speaker 20. The
reproduction of audio signals at low resonant frequency is dependent upon
the mechanical compliance of the spider 34, where the mechanical
compliance of the spider 34 is dependent upon an area of the spider 34. The
greater the area of the spider 34, the greater the mechanical compliance of
the spider 34.
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conpliance of the spider 34 is dependent upon an area

of the spider 34. The greater the area of the spider
W@4gosopss4gr eat er the mechani cal conpliance of PEECN2007/000408

@Jm der 34.Referring to Figure 3, there is shown a
Refeoing @eElguum] 3, therevis ﬁhowncﬁmm@ﬁtsa@ﬁanalnwewa:fs@ eamgntional

micgapbbaelod el 3% bR, Bet o BB P oy B, B0 42 R, Pary
idemtieRd tol baﬂ@rh@ter”cﬁ PHiapheyridd. AB insengiamatet 46f aaPider 48
to an _inner dianmeter 49 of a surround 50, with the

is sigarly idrntsal KeARdnnecdiemete4haT 8 ausiousd §Q ity thensHiqund
cbeeerﬁe kf%aft‘Q rﬁggh“g‘xteﬁé?ﬁfa%ﬂﬁ C&H&dzﬁoomﬁé(e Qﬁag@%ﬁn{)m The

mat W t nechani conpl rance
sur@unex80mpinay h)elbbade afl materlaimwtkedlgmh’amrhanmlwmm;shance
f oam cotton and th i Due to cog}gl der t| ons

|
SUYsr % AT R s HBRBT ﬁ%ﬂﬂ-'mfeerﬁﬁérw BRIV § ) JPRyCotton
rgP‘i’Hg "’}Fkbur[?ué’ftot &%éﬂaﬂoﬁ@ lnlﬁgftoa'ésgé%%l)ﬂ%f the micro-

ameter 52 of e spider 4 erably 1 éss than
smkeuﬂélctimr@ meuéactﬂﬁré offthe HB!CHIJ-SD@BIK&T 4. arFpyiside diameter

o BB i 08 o il S R bl BBinung 54 of the
s@Ringss® at low frequencies. Similarly, Figure 5 shows

a resonance node representation of the first
enbodi nent of the present invention using finite

[ h
e A el Pk PR, b 1 i edp i
spPakep46neah@ finke eﬂ)émtah’eaihalysls atriowdremprgnotds. tSimilarly, Figure
present invention be di nsi on ll'laﬁ/ siml

ﬁhgvvsoﬂere.wpa%e UBREE t'EPrEsHN ion; gk the fisst em odlmer“ of the
pr@?&ﬁsiﬁ%ﬁ(h A Eség‘?h‘\ te %&n?ﬁﬁﬁr’idgﬂ%‘%%w tfr’@s@;uencles It should be

mcrosea I T st I ment of
nqieésklwttthemwnénbmnalhmncm -8 DA kepal &) amtéthﬁ)mrafsp@kheﬁo of the

, anasurrou does npt significantl V|brat t

fire} SEGORTaNe! e DieseRbinenEoR st Beimngiiafy fmfar such

thé%ﬁ@m bé ulééa% rbfiRck Ihe Btee it h&lﬁsa? qf @h@ne@eewserved
The m cro-speaker 20 of the first enbodi nent of the

thet daemiciarseeriain2@iaf dhedfésteawodireesh pfidhe Rresenit invgation
w@]cb a‘?}%g’gggkg}% ji)gﬂpléfb ?ﬁﬁ’\y dfbn 48 QirddhS GBRY ST SBAfcantly

vibrate at a flared end 39 of the horn 28 compared to when the surround is
used like in conventional micro-speakers. The micro-speaker 20 of the first
embodiment of the present invention also includes the spider 34 that has a
larger area than the spider 48 of the conventional micro-speaker 40. In this
regard, the spider 34 has a higher mechanical compliance than the spider 48
leading to lower resonant frequency and correspondingly, extended low
frequency reproduction. When comparing Figures 5 and 4, it should be noted
that the flared end 39 of the horn 28 has less vibration compared to the
second end 49 of the diaphragm 44. This results in less distortion of the

reproduced audio signals.

Referring to Figures 6 and 7, there is provided a cross-sectional and

perspective view respectively of a second embodiment of the present
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regard, the spider 34 has a hi gher nmechani cal

conpliance than the spider 48 | eading to | ower
wo e@sasstl f requency and correspondi ngly, ext enBeD'CNow7/000408

frequency reproduction. Wien conparing Figures 5 and
mvuenthn I@Hgalf@rrb@f goisdotspeakeh@0 e BtiCkensPetkesBk ingludes a

o0 PR B M B SRR % 4G ESRA%6ENSF the

ragm IS resu

digibistagnt 62nThé didxchragpT 62ungy bautinde Jf githles .a Reftalr i agnetal
to Figures 6 and 7, there is provided a

allgyoss-sect i onal and perspective view respectively of a
second enbodi ment of the presentinvention in the form
of a m cro-speaker 60. The micro-speaker 60 includes a

Thereimaly bea splidep 68agimrdahding theadiaphtagsd GQoJmiewblder @8 may

oS et Lo BT el s DA ek 72
ofbﬁeasé@amrfréﬁesw HURGide 68 A QHBP@&%@%ideT%meter the

spider 68 nay be nounted between an upper part 70 of
ms@wkml darapiarmedoh the wpidgsa6d irreases. hBh@mcﬂ@rr 68 may be

med& O meibrid S SR e roneatne: el Bl sy cRh QLT and
thé fl'lReSDlhéi%bld@? 68Bal) kel dRe @oil AL iara @éﬁtl’él%lm‘l of me micro-
neta-aramd fibres, cotton, |inen and

sneiak@r 6@&@/ BESIViRiRG @sreﬁégrlmaaéqfce erth@o‘Pq’” B4 is rdl%pl@e‘ﬁﬁ fram the
oo ) Bb o buterd o BpRBREEABLRG s aBA K 0% Fom the
central position where the coil 64 surrounds a magnet

T SRR D FRSOINCAS 8, SR 4 Brogifs 2 asGaitthang 4 Srigh the
dlé’@wﬂaﬁﬁﬁéﬁdTﬁ{a s%frro@hamﬂn@dy 68 UScdd ta'ﬂ%r%%@ﬁ@i a@tné’d S of the

agm 62. The surround 50 may be nmde o
satandr ¢rd s7ﬁ/v|o1f thau ghphmrarﬁ%arhecﬂmrdtmbéo syh basmade of

o R o, AP SEPRE S5 y, OIE ber,

clévifimhé&del HabbeE QPislyBes, F6aef cdtith Shanhe age GRerd htay be a
m crospeaker 60 has an asserrbly rather simlar to the

dusdearedBi emvaringi Bieo sepegend 76 of the diaphragm 62. The micro-
speaker 60 has an assembly rather similar to the conventional micro-spéaker

40 as shown in Figure 3, with the primary difference being the use of a multi-
part speaker frame. The multi-part speaker frame facilitates a use of a bigger
spider 68 with a larger outside diameter, resulting in a higher mechanical

compliance of the spider 68.

When induced vibration of the coil 64 due to the magnet 61 in the micro-
speaker 60 causes reproduction of audio signals, the micro-speaker 60 is able
to reproduce audio signals at a low resonant frequency, allowing for low
frequency reproduction of audio signhals by the micro-speaker 60. The
reproduction of audio signals at low resonant frequency is dependent upon
the mechanical compliance of the spider 68 and the mechanical compliance
of the spider 68 is dependent upon an area of the spider 68. The greater the
area of the spider 68, the greater the mechanical compliance of the spider 68.
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40 as shown in Figure 3, with the primary difference
being the use of a nulti part speaker frame. The
wondosioopart speaker frame facilitates a use of PaI/ONg®E/000408
spider 68 with a |arger outside dianmeter, resulting in
a hi gher nmechani cal conpllance of the spider 68. Wen
; L
FigoeL Sl 2 Moot st irescifiabf ot REcgfeBifiodRient
of shgnaesent hwention aisiedikite Bémeest abblystsoat k.pm dn&mencues It

ShRBI Ihsnrireh B e araTROTnoRRRABeL 4! hE misro-
sp@aﬁép 6?)0%???:6 Q@conﬁh%nﬁtﬁﬁﬁrﬁ@HFtdfoﬂﬂeOEr@ééWt P& &) be

I'ow resonant frequency 1s dependent upon t
dmmenla@naﬂyalsumaplsuahc’mabfortdwma;}plb@euse@ tancenla@e the other if

h | h d 68 d
neGEsRAn APga TORTr s kst a6P BeS Ao aremily FRESE: Binigr to
cotn%nﬁe Bhl € ni&d- gééﬁegrﬁﬁt@é sIH&ﬁvrfTHﬁhFl@'u?@'SCWWi ltlﬁélcsrlmary

spi der 68.Figure 8 shows a resonance
differenes detireg Humuss of asnslélcraﬁm speksli frame. bhe mlér%ﬁlé%%‘?ﬂr 20

or P A LA o BLRE g ORS00 1Rt pe spior o4
th&l 1§49 a IRk %fee{’r&a@rlﬁetsinﬁdéﬂ@ oSﬂhe&dcm\/eﬁﬂomEﬂ rhiceo-speaket 40.
enbodi nrent of the present invention

In iAo RIS Al SBideF 8 DB MR DREMHRLEIETIRRNGS, than the
sHifs %%JJ@& P)Wertr sOR Lbénc;v)“é‘?\d”&d?rl?é%p%%ﬁ*gw &fended

as an ass er sim convent i onal
lowi ﬁequamamodtﬁbtm $dosm c:omp‘arg\@r ElgareS/vBt and He it should be

noi’té'@élt‘i@%‘ fheaRBEOMT o ko p B Sie e e MER oo vibraton

BN theLsebhivd @n@sﬁg‘tof' ﬂhée@%bﬁfbgi‘h&m lmb ueealts e less

Spl er 34 that has a larger area than the spider 48 of
distoetiaroof/ et repreducedauslic pigaills: 40. In this regard, the
spi der 68 has a hi gher nechani cal conpliance than the

spi der 48 |eading to | ower resonant frequency and

WHRSH eaG@Ndizagbigeneybsntrd liowiner donegoing rtmscnpltum i ;mneferred
When conparing Figures 8 and 4, it sgoul d E{ g q
embagimends of thmaraseat inyegtion pit Wil BRI t@gé X hq)%%gkllle in
thé: £ ﬁﬁblgﬁy}?ﬁegﬁ%@i {rt Eﬁgnf%ﬁ?t%‘gﬁgr f‘\%d?ﬁcétl{?aﬁs in details of

phrag I's results in
design or construction may be made without departing from the present

invention.
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di stortion of the reproduced audio signals. Wil st

there has been described in the foregoing description
w@r@Bepssed enbodi nents of the present inventi oPCT/CN2007/000408

wi Il be understood by those skilled in the technol ogy
GLAIMS ned that many variations or nodifications in

details of design or construction nay be nmade w t hout

departing fromthe present invention.CLAIMS 1. A

1M cr i HReSIPeakEEneidNe: @ cylindrical diaphragmwi th

a coil coupled to a first end of the diaphragm and a

hor nacevipicigat diapkegondvighd gioilt keupliedpke aayrfirst rend of the

har, u d upon an upper part of a speaker frane;
d%ﬁ%?%ﬁﬁ’?ﬁ@uced vibration of the coil reproduces audio

si gnal lsorat caugieavtd es seestd én@wenéxdiamrlagm, neefiym! mvunted
frequency reproduction of audio signals by the

URPB 98- uesieart oba spaakenfiaiPe,- speaker of claim 1,

e A B R SR B 3 5 o

rgsurianbifrdgachoyesilawing fof lovhfreqpeadseregrodoetiorBof abdio signals
m cro-speaker of claim1l, wherein the diaphragmis

birdoR MiFrOs3ReRKe 2 netal or a netal alloy. 4 . The

m cr o- speaker of claim2, wherein the | ow resonant
frequency is dependent upon a nmechanical conpliance of

2t he $peduicroBpedker of claims pefikthrerdficiudiigra2spidaneugonnding
the spider is made of a .mterial selected fromthe
s UGG ePnEETS: Mo, SEBE e Rle FePeben frRoP i part and
alloWeNpa of tHd1Spaalcardraingaker of claim 1, further

i ncluding a dustcap covering the second end of the

di aphragm 7. The mi cro-speaker of claim4, wherein

gt he 'Tﬁgt?ﬁi%}c?-@beﬁl?&péfi cfl‘é‘iﬁ?ﬂ Wherein the diaphragm is made of either

a metal or a metal alloy.

4, The micro-speaker of claim 2, wherein the low resonant frequency is

dependent upon a mechanical compliance of the spider.

5. The micro-speaker of claim 2, wherein the spider is made of a material

selected from the group consisting of: meta-aramid fibres, cotton and linen.

6. The micro-speaker of claim 1, further including a dustcap covering the

second end of the diaphragm.

7. The micro-speaker of claim 4, wherein the mechanical compliance is

dependent upon an area of the spider.

8. The micro-speaker of claim 1, wherein either radiation area or radiation

resistance is dependent upon a shape of the horn.
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dependent upon an area of the spider. 8. The
m cr o- speaker of claim1, wherein either radiation
w@e@a/0es341 adi ati on resistance i s dependent upoPCEHCSb@PMO0040S
of the horn.9 . A micro-speaker including: a
9.cyl iAnthi¢rosgpedikapimchishingyi t h a coil coupled to a first

end of the.dia a_spi.der roundi gt

di apﬂwrc Bprﬁ?n%da*e&gbﬁ'gag’m ?r\&gtﬁt%d&#'ﬂ-%gg? \}/%r/ge(rgga% ﬂ%ﬁe&dpaorft the
digsWtagni;ener part of a speaker frame; wherein induced

vi bration of the coil reproduces audio signals at a

| ow & SRIGABSHITOYHNG s diaphraginn ef%nldq"rdwogﬂégﬁ'@%ween an

r ' j [ the m cro-speaker.

ud’fgpp%ﬂgéﬁrg %Ebaﬁér ea g?aﬁ)gg%ﬁ% ,e’further including a

sur nghardinainduoed itsatiomof dvedcaif regreddiespaundigrsigndls atkelow

m cro-sgeaker of cl ai 29 gherei n the di ath%%m ids .
refeRRNtJreqang¥r alpWBgPr ipw drequerry Zpprogucian ofgudio signals
b)ﬁﬁw%rrﬂﬁé’-‘%@g@l{e of claim9, wherein the | ow resonance

frequency Is cfependent upon a nechani cal conpliance of

the spider. 13. The m cro-speaker of claim9, wherein

t he ider is de of .a materjal_ seleg e
16k o GFGros e < siarhon ey FRUREELS % shO8HM gound
sdcbR8rendldF.thd Rifaprrager. speaker of claim 10, further

i ncl udi ng a dustcap covering the second end of the

di aphragm 15. The m cro-speaker of claim 12, wherein
t he c |.cal j i - -
1 he WEHRTESTLaRETHI L, \pdeRandragh Brngpe el
a irietalorra oierdl allsy/rade of a material of hi gh mechani cal
conpl i ance sel ected fromthe group consisting of:

rubber, cloth-imersed rubber, polyners, and foam
1 £t 1 L micro-speaker of claim 9, wherein the low resonance frequency is

dependent upon a mechanical compliance of the spider.

13.  The micro-speaker of claim 9, wherein the spider is made of a material

selected from the group consisting of: meta-aramid fibres, cotton and linen.

14,  The micro-speaker of claim 10, further including a dustcap covering the

second end of the diaphragm.

15.  The micro-speaker of claim 12, wherein the mechanical compliance is

dependent upon an area of the spider.

16.  The micro-speaker of claim 10, wherein the surround is made of a
material of high mechanical compliance selected from the group consisting of:

rubber, cloth-immersed rubber, polymers, and foam cotton.



