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WO 2008/ 095341PCT/ CN2007/ 000408 A M CRO SPEAKER FI ELD
OF INVENTION 5 This invention relates to a
m cro- speaker that is able to reproduce audi o signals

Wb 20080004 £guenci es using several different s ‘
BACKGROUND 10 M cro-speakers are comonly usggﬁlﬁrr:l}{2007"000408

AMICRDPSPRAKBERand nul ti medi a systens for their small

size, light weight and aesthetic appeal. However, the
smal | -size of such speakers is the primary reason why
FIEt DnOFUBIMENTION or mance of such speakers is not

i deal. The small|l size of such speakers generally
causes high resonant frequency fs, and | ow acoustic

‘P‘IﬁQSIhfféMlthFeléﬂtés TtBeAal ﬁ1cﬁ9%bba|¥é}e%v @ta%‘ié?%otr‘é%h&u%% audio

w frequency cutoff of |oudspeakers is det
$l9@,al$ ak mfﬁ@qumpg peveys! q!jﬁefenheetﬁasl owi ng
equation, 11 JS = 2rc gMC'" 20 where m", = total

mass of vi brat i on system (i ncl udes di aphragm dustcap,
BACK&GROUND surround, spider, adhesive and additi onal
radi ati on mass), and C',, = total nechani cal
conpliance fromsurround and spider. C',s is

Mm;r@smaaﬂ@ﬂs are p@niriong fised mmdﬁﬁb@mftﬁd: ahd mdifimedizAsystems
Cs"" surround conpliance, "and

Tok T SRl e DG G 70, o P MR eaRver, the small size
Ffs0ER @p@ékeﬂ@ @tfﬁ%&%b@ﬁ@asbﬁ Wﬁh@%e@@&l& ;Sén}gcfm{a%e R8hLeh

freguency be | owered i he t ot al I anc
sgegﬁ@r@rls not |de . The small size of such speakers generally causes high

resonant frequency fs, and low acoustic sensitivity.

Theile-Small theory states that the low frequency cutoff of loudspeakers is
determined by its resonant frequency f; as per the following equation,
=11
*om M.C

nE T ms

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

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

ms

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

as per the following equation,
1 1 1
+

C C,

ms surr spider

where C_ . = surround compliance, and Coizer = 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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30 WD 20081095341PCT/ CN2007/ 000408 SUMVARY OF
IINVENTION In a first enbodi ment of the present
invention, there is provided a mcro- speaker that

Wo Slopdess@ cylindrical diaphragmwith a coil peeuiN26000408
to a first end 5 of the diaphragm and a horn coupl ed
SUMMARY O INVIENSION he di aphragm the horn nounted

upon an upper part of a speaker frame. It is

advant ageous that induced vibration of the coil
Ihepriipstue@bodinging ofi mea;bmsemt mvbmmrr dhereir pfovidpb @c micro-

whi ch rr ond| n allo for f

epKeil S &I giieed wite sl PHTOR! e g rstene
o‘fhﬁ@%.éﬁhréé}ﬁ B@a B HEM calipreattoel sdwndléiaadi ki ouasptmagm the
or radiation resistance. The m Cr O0- SpeaKer g/ {
hare Ireiinted sppaen upper BaRAf AeRaFEeE FAiNRd iz 3V “fageous hat

b QR @ tlcYH tﬁ?ecoﬂpfeg:‘?éddﬂéf%lnéﬁg ol figRBEWRER ole resonant

upper r ower part sp eaker frame. The
ftbcmmlnca,gmhmycmesmdln@fy ellmm%rfovaicrmtqumnc)a regroffgelign of

SR R T A, SRR e g

faglistibe $eea ot rddiatipnassigtamey. be dependent upon a
mechani cal conpliance of the spider, with the spider
pref erabl e being made of a material such as, for

ﬁ%@%b@sﬁ@k@r M@ Tuther Dh@sde 20spiakt @nrrﬁt}ndlmgl dhe cWBdncal

mechani cal npl f th d b
Qnohragi, avite Tuy Spidg Giuatad inbinyeen Ba IRBRp GaTLAT Splower

HAIE oPIHRSEIYaKEHERE! PRe didpRFSyrh Tndl B hitRK o Jfhef A-metal or a

metal alloy. A dustcap may be used to cover the second end of the diaphragm.

The reproduction of audio signals at low resonant frequency may be
dependent upon a mechanical compliance of the spider, with the épider
preferable being made of a material such as, for example, meta-aramid fibres,
cotton or linen. The mechanical compliance of the spider may be 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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speaker including: a cylindrical diaphragmwth a coil
coupled to a first end of 25 the diaphragm and a
spi der surroundi ng the di aphragm the spider being

W bitkasksiin- bet ween an upper part and a | ower pRqfdnaBf7080408
speaker franme. It is advantageous that induced

Mebmiaro-speaken maydurther insiusieua ssimaudi ereunthal sectndaend of

th@ ARk, R A Yoo, ot Bideldr ol d SUENEY a metal

allbg. Aemsm#pcmegrcogér gﬁgﬁiwdg%m gf ﬁtecﬁggh?gm EFma0geund
hpfererAbY B MERe < B Heleneh el i PRHPE LR CompiansRsuches.

ToNExcil6 SiubRBY, dlﬁh%ﬁfﬁié’&ﬂfubb@@ homérsear ffank betton,

spi der. = WD 2008/ 095341PCT/ CN20071000408 The

m cr o- speaker may further include a surround around a

eseRtb BN oF [gﬁgwﬂ@r agm w t h the di aphragm bei ng

made of either a net or a netal alloy. A dustcap may
cover the second end of the diaphragm The surround

é}rtﬁétqf\él?Q(Sﬁp\? wﬂ%ﬂﬁo:‘? Er}?%atfsg,%gy Pﬁbel‘%{o&’ ?{nj readl% gut into

an ca I ance su or exanpl e
prdaa:ttch effam,rmenb shalbeow bpaegoive bpwa@rmﬁmmdimm{uve example

BIRIoBR EPITALR 5 HRURECObiVATIoR o Rl Pecaiion feing

V\]l@l ri@fefréhd:élﬁi th@féc@@mpahpmgmlmtwe ﬁ:am:hgs.descri bed by
way of non-limtative exanple only preferred
enbodi ments of the present invention, the description

Fgﬁlr@% Whdhs faef:ﬁfs%%%néﬁ)aitd'@m F @ﬂﬁ@%tﬁtﬁiimteh%f iR bMRent
raw ngs. Figure 1 shows a cross-sectional view

igfengion; r st enbodi ment of the present 15inventi on.
0 \ S

RS sBOPSH R RRITE Ao 1 eSO orioBBirhediohi fhe progent
im_recmsiensectl onal view of a conventional mcro- speaker

- § 40
e os el a0 i P B BRA b Be ™
Figqatysishows 4 essdnoage encde sepresgntatiod mmmn\aentuonal micro-~
resonance epresent at i of the first enbodi ment
Sppatat et e pBLEEraNeh el Ry ke e arrent analyoi s
Fagure ®\shdvesl deRebRancd IMddE QepresBAtBion of 1tae Sirstashbadidknt of
view of a second enhodi nent of t i nvention.

the PEgsght BVeNiHbLYENG Tigke §L$@ant@aal}ﬁwﬁ@ e?'ﬁ’éw?@%'@‘ﬁd
FRIRe & dFRMNs #ErdsR&sdRiiss Ve BY §3EL&WH 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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Figure 8 shows a resonance node representation of the
second enbodi nent of the present invention using
finite el enment analysis at |ow frequencies. 30

%W%I&p\l OF PREFERRED EMBODI MENTS Ref erri %ﬂ@ZOO')’/ﬂOO“OB
Figures 1 and 2, there is provided a cross-sectional

dimphrpgms3sewith \aecom%wmﬁubbta first gnd£6 aufthler diaphragm 22. The

of .t he t_inveption in formof a
ot yay vaynale 5F Eitler WERl ofR it At oo o
cylindrical W) 2008/ 095341PCT/ CN2007/ 000408 di aphragm
22 wWith a coil 24cou|edtor2gfirst ([5

A Paph 2B Ry e FRMIB 401 SGROD ol 36T ek aPragines. The

igﬁ&h Bft ﬁ@’haés ﬂ;l ih@ysecan@%a @ﬁoﬂﬁ% a8piaeR] 22 n‘irﬂ/ Be at
300 the di aphragm 22. The 5 coupl i

ng
ctrrﬁarowa;i ﬁnzeﬁqeoo’i the %@@Bdcﬁr@h 26 the diapbragn Jgj‘m |2€2°n 28

RSl RS 5y SR pe e Al por

ragprbean dnmjeaip (B8 bomlngf the smdeenﬁrw@f ﬂﬁbedleplntmgnbéz.

d 30 of
et aeand Rdirtd e e R e A Ffeatndint BB shape of
tﬂamdng 82¢$enei@d|@cbm wmbygmma !ﬁr{thgﬁdt;ngg hgﬁg agﬁi d'?ébbrar%m
orn | NCIr ease |
Paanan omaandte: GarsPoRtnaN, ﬁaﬁavﬂagysm%\ﬂw. ap, " -

SHRARbA 20/ It petRonltBSolhd FépredeateR. 20 in relation to
sound reproduction. The m cro-speaker 20 may have a

spi der 34 surrounding the cylindrical 15 di aphragm 22,

Wd %l&@%gﬁé{?k@?@(ﬁ%&%ﬂhﬁ% rﬁ% 50- QﬁrPd’ﬁﬁﬁfh# B lb?fﬁﬁfﬁncal |

part speaker frarre a | ower par
digghurem 32, avith 6. snlden%@@pg eraurted hnb,eweleart@@ rupper part of

8 AT BB e, PSR FR5, . o s

3vehas b adiges vobidesdiaimatere trenmplehaniedl scoargiande oF treespider 34

t [ the Ik Th i.d 34 h
B8PSSh BiF HIGR cdn PR B Giact: S TS SR e b,
A8tabataMid® WibrdsNBoteort, #REMBhAhd ke ETHef spidier Smrriay%epShe coil
di spl aced fromthe central posi téén where. t he cq

24
e GoRiz! POSHPRST the MigiRatPe PYRIBYIGinag? restoring; force
iFfP:'e col 2454 RidRaddieirdRIRE Leridal gositidn v@héi'éQhe %51! speakelnds

causes reproduction of audio signals,
&m’@gﬁets%baker 20 is able to reproduce audl o SI gnal s at
a |l ow resonant frequency, allow ng for |ow frequency
reproduction of audio signals by the m cro-speaker 20.
When risguaeduvibrationod? thedcall 8# g to dve Insagnadstinémthe micro-

fre is d c
WSROI BP AR SRS B G0 saRERe A G ble
tof rdphﬁjl.&pl dedio 3gighasis deipe ridentesopant freqaeray, wlldmag for low
i der 34. reater the area of [fhe i der
by LR ok AUl HTaR S bt miTerraakers 20 The
reproduchon 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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WD 2008/ 095341PCT/ CN2007/ 000408 Referring to Figure 3,
there is shown a cross-sectional view of a
conventional mcro-speaker 40. It should be noted that

wo Sogerigr of a coil 42 is nearly identical peT&N2007/000408
di aneter of a di aphragm 44. An inner dianmeter 46 of a

Raferdiay 6 FigurerS dhéng s dhowh @atrose-sadtidnah gfevd vhawvayentional

rReroa PP Ao Pt Peen s g & mBIt o g A7 Kty
idaHiicaat Santayr bea HRGRAragim AaL AN Ilrﬂ'le? erhbteiﬂ l4§haf a splder 48
mechanj cal, conpl i ance, SUChr@f for ex&gb éﬁbe q
i nea dencal de anuaa@rrdlawﬁr & a PEANIG DO Wita P BifEoun
50 bEing Weal SOBR dRLAN %go%rnﬁamagth@d@?a% 40t The

Cro-spea durin manuf act ure of
smround sﬁﬁemeefr beomada Qfmmgtetu@ISthelmgh mechanieal gqrapliance,

8 I
SRNS! BB EIED b SiprdeR ol eaR Soon
anelpttes dicd. aDuentooﬁ:om;léembonss rnarkan‘aihg it cagsensipe af ethe4micro-

usi ite ele nt. a 0 q

sseARTA] Jlre Grriraded QbseTshuudieh 20T HERE e dameter
g€ Bf G Bbidier A8 @f pidferablyr Rissebndameotsidd didraeter égleot the
invention using finite el enent analysis-at |ow
QUFVQHD@@& es. It should be noted that the conventional
m cro- speaker 40 and the m cro-speaker 20 of the first
enbodi nent of the present invention nay
Rlgurerds Soows [ayrespripnes moderreprasentatien rf%f;lh%éoog@ai*qné' micro-

r e Vv e
ko LD ol et o e PRy Frour

Hishole presmencenvedeireprasehtstionnel| tngelirst embrstimenigof the

Arp il B el B s g R LR clog B bo

iftsd GHat thd Somastiohakeicrarspeakes A0i ambthemicraspgaiek €02f the

Th ] Cr.0- 20 of .the.,fi

P CRBROUITIATER o PRoReRt iy tioe S B8 S Ohaf] ey such
flalond Ao @éaptd r@@ﬁacbhﬁe %ﬁdﬂ&ff net@sefiryt Iteshouid be observed
‘conventi onal mcro-s eﬁlﬁeﬁfﬁ this

thpi ther miviorRpeakeh2g ittt i rdsaah hvggtion

Wik %clﬂ@eé Qﬁg | skt 98 | rﬁm%"r th8% O &ikrolih@ J4ERE Yo Rifnificantly
correspondi ext ended | ow frequenc%;? repr oducti on.

wats obApiarbA@NH 3 6 N, cOmpacith grsukround is
&J?—% iR EérWe%@ioﬁgldfn% -‘%.é élgkﬁs shoha J%i%rcﬂ@ﬁeélé?szo of the first

I on~conpare econd end 4
mmmmﬂme Présent éseintien ialsd inslidgisstherapider tharli@as a
roduc dig s I e n
e e Tt TSPt 28 & BBl bU el PnClbaael 487 this
NGaR, ieS @Ql@br Belhasod h@heetrmdamnbb«:bmplr&noefthah&e spider 48
present WO 2008/ 095341PCT/ CN2007/ 000408 ,i n n,
BhEB ofamiaera TSR < SEHEEEY oo RS SRPEPOngeaiir sy fow

fr&ﬁ]ér'\@? $e&o@ﬁl:‘étc§l’ij 'Wﬁé‘ﬂ\ cOmpRARGITHLHES Bi érhi 4, t shbulébe noted

coupled to a first end 66 of the diap m62 The

Pk e dgracs nHegO 156 (HadioTe{28 heRdPss WRIARPN Gompakd 4p the
8doPM- et 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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There may be a spider 68 surrounding the di aphragm 62.
The spider 68 nay be nounted between an upper part 70
of a speaker frane and a | ower part 72 of the speaker

wWo a0vecostds t he spider 68 has a | arger outsi de pdira®b&lono4os
t he mechani cal conpliance of the spider 68 increases.

imventiopiiniéhe B8mMefa bicrocspealier 60. The midratapesiiehB@inchides a

ol -aragid.fibres, t i ne nd
IR A 825k, P Bl o€ RBLEBe [ I Prind B, of the
diastragroare 2 fTHehdiaphragm $paake beGatly op eltiedangeial or a metal
r'estori ng force if the coil 64 is displaced fromthe
a&@ﬁtral position where the coil 64 surrounds a magnet

61. 15 The speaker 60 may include a surround 74 around

a second end 76 of the di aphragm 62. The surround 74
Tgye mav ke arspid 6% surseinding e dapragm pRelke sbider 88dnay

bfAnBlntoA el @M EAUB-BL oA 76 o W SRARG: BAERN S 1JRE DR 72
materials wt [ msgﬁam cal conpliance, such as,
of dhe espeapele framsh Ug rthe cipider- 3nhas s@ daigeb batsidp ofigmetes, the

] : e ap.7
GG EneRl oBRhoEed of bk it o Bkl hel Rpl S50l e
made of mpisiety sifidth asJorexamspleniela-aanhidrfibsésyi dotton] ndnhend
onventional mcro-speaker 40 _as sho Ln Figure 3, .
i TE e e i iEPaRe sof 6Tn 3 sritiat Bogtid o i micro-
gps@bkérp@cr by gpealing 4 redtBring Recdifl the-dailré4 sPeilsRIced TR the
acilitates a use of a bigger spider 68 with a | arger
c50tel Resitananienerthe cgd @ﬂtﬁugrgunﬁs a Y& Bmechani cal 25
conpliance of the spider 68. \Wen induced vibration of

the coil 64 due to the magnet 61 in the mcro- speaker
Toe wnagkes 6Papaydidudo s Biraundi &t srapngl 8 seched end 76 of the

R Ao RES 1Tle SrducEY Fnd bt EREREHREOF I PTAPBBS of e
skren endy 76 efr theu dispbragrh GRidTke sugoahs By roéae be made of

&L 9 B g s cn%of SBLOJUGLL o, pf Jaudi o Eairgp%! ‘T’"ubaoter,

TR RRLACh Fspnaties I M

cl‘&thﬂam:ecﬂ]d nmmli'l ;adﬂymeﬁs;, f?dim anﬁod&incﬁfgeamdadIMre matay be a

ARGAPatE SPuET toh SeSidsndegs orEe Jfdarant RS drgamisro-

spBgkerBOlREs ﬁﬁ,asbémb%ﬁm@rsihm {6EAE BBhOShtiHRAMBl it R R aker
2008/ 09534 1PCT/ CN2007/ 000408

f the spjder 68, ) 3 ! ) .
4 i%g@‘@ hioldirexs r Wi am pEMABLEITRERICE ARG oSS PT B auti-
peRCRRakEMRAAETPRE nitilphR FBREMrakBUSHlila®l H3UsBDf a bigger
finite el ement analysis at |ow frecluenm es. |t
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 signals 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 88, the greater the mechanical compliance of the spider 68.
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shoul d be noted that the conventional m cro-speaker 40
and the mcro- 5 speaker 60 of the second enbodi nent

of the present invention nay be dinensionally simlar
wMpis/dd3ad1 one nmay be used to replace the ot hecTidN2oo7/000408
necessary. The mcro-speaker 60 has an assembly rather
simlar to conventi onal m cr o- speaker 40 as shown in

Pl arbuwd! tr@s&t@ S YorftobdrRaRdlF6f (! bohh Sritsfifbnt

I - par rams The m cro- speaker 20 10 of
of ke fpresetntemmmonelmm@fflnﬁh elgmeskanalysio eaitIDanr@meIeS It

sbBdBEabilf L IG% e S T P088E 20 i " o
spBhakerr €0anf the @ecsmd denbdiBmbat of the g;mesemecrtvann@almay be

RTRRARIRS SR 5 23 0 S AT 8 088 o iper

Jebsgyeﬁ?cyrﬁee%m@be%r WhemagoBpardsagmbiyg yatier Ssiamidr 1o
it Shoul be 15 noted that the second end, 76, of the

c@na@ﬁm@m m@rcpraeea@s‘wu #F ANOHR dBnParEd 3 oWithh ethgeeawary
oﬁfég? Bglnbt}ﬁ ) s@@?raaqgl i4ﬁlart $Pb S Giatmhd. ST Hé”mi/cﬁ@:—%peaker 20

repro uced audi o signal s
of ke Jrﬁa@nbe@mamwé rtheb present inwention &l iglugesdhe mpidat 34

20
5 0 BT I Lo QPR BY BR alr <0
mQthren_t;ecb t that sptMyea/ &k at inigteer onechatidal campdiasce dhan the
R A8 8adm e eSS TotAaRY £ Bf coBsPRng, tbhcec
léincrﬁéqﬁnbyqbsroaﬁctm NheR WFping Figdred B add. DECsRO0E be
mCro-s
noked i ghe second G 1ol i HIAHNEA o Vs Hose ofrption
PMRr8d thane dddohll éﬁ%ﬂé&gfoft e dbpRiHgAY AU This results in less

distortion of the reproduced audio signals.

Whilst there has been described in the foregoing description preferred
embodiments of the present invention, it will be understood by those skilled in
the technology concerned that many variations or modifications in details of
design or construction may be made without departing from the present

invention.



spi der surrounding the diaphragm the spider rmunt ed

i n- between an upper part and a |lower part of a sp

frame; and a surround around a second end ofPEE@CNZOO?’/OOOiiOS
di aphr agm  AnvhiRiRidis Unidies adtiids4tion of the coil

reproduces—audiro—srognats—at—atow T ESUlloulU *mz’. 12 2008)

allowing for | ow-frequency reproduction of- audio
CeAg#al s by the micrp=speaker. 2. The nicro-speaker of
claim 1, wherein the diaphragmis nade of either a
metal or a netal alloy. 3. The m cro-speaker of claim
1, wherein the | ow resonance frequency is dependent

Uporhﬁ'u%%@@gk%ﬁh%lﬁaﬁﬁ% i ance of the spider. 4. The

m cr o- speake 1, wherein the spider is made
of a rogtiedrical diapreegmdwith oan ¢dile cgulep foonsfist igngt of :the
msaaramdflbres cotton and linen. 5. The a
'Pgrr%peaker of claim 1, further including a dustcap
sm@@murmnﬁh@ thecdinpghragoh, difie sphided napinteayim-bet@eeiilag upper
wherei n _t,he mechani cal

k |
p%‘%ﬁﬁﬁ?ﬁi e 5@8@%%3% p%h an 8Pa of the spider.

7 Theurmauridoaspad kesecofd ehdbhihe, d[ﬂﬁe‘agmm t he sur round

o1 ORtaB PR BP0 (B T SR S BHbapnai8 368 low

resbAbit-freqiRhe g daliowiie for (oW fierieacy aemoammaﬁtam signals

NDED -
by ME r%%ro-ggg ’er.EpEA/ Gl

2. The micro-speaker of claim 1, wherein the diaphragm is made of either
a metal or a metal alloy.

3. The micro-speaker of claim 1, wherein the low resonance frequency is

dependent upon a mechanical compliance of the spider.

4, The micro-speaker of claim 1, wherein the spider is made of a material
selected from the group consisting of: meta-aramid fibres, cotton and linen.

5. The micro-speaker of claim 1, further including a dustcap covering the
second end of the diaphragm.

6. The micro-speaker of claim 3, wherein the mechanical compliance is

dependent upon an area of the spider.

7. The micro-speaker of claim 1, 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.

§
AMENDED SHEEY "IpEA./CH



