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WD 2005/ 025267 5 10 TITLE: AUD O APPARATUS
DESCRI PTI ON TECHNI CAL FI ELD The i nvention relates to

wa@easo2appar at us and nore particularly to audP@I/GB2004/003863

apparatus for personal use. 15 BACKGROUND ART It is
known to provide earphones which may be inserted into
a user's ear cavity or headphones conprising a snal

| oudspeaker mounted on a headband and arranged to be
pl aced against or over the user's ear. Such sound
sources 20 transmt sound to a user's inner ear via
the ear drumusing air pressure waves passing al ong
the ear canal. A typical conventional earphone uses a
movi ng coil type tédddHicAIDIOUAPEARARUS pl astic
housi ng. The noving coil is connected to a |ight

di aphragm which is designed to 25 fit into the
entrance of the ear canal. The noving coil and

di aphragm are light and are coupled intimately to the
CONFI RVATI ON COPY WD 2005/ 025267 PCT/ GB2004/ 003863 2
eardrum at the other end of the ear canal. The
acoustic inpedance of the eardrum and ear canal seen

by the moving coil transgicerrbs el atively snall
This smal | inpedance

TECHNICAL FIELD

The invention relates to audio apparatus and more
particularly to audio apparatus for personal use.

BACKGROUND ART

It is known to provide earphones which may be inserted
into a user's ear cavity or headphones comprising a small
loudspeaker mounted on a headband and arranged to be placed
against or over the user's ear. Such sound sources
transmit sound to a user's inner ear via the ear drum using
air pressure waves passing along the ear canal.

A typical conventional earphone uses a moving coil
type transducer mounted in a plastic housing. The moving
coil is connected to a light diaphragm which is designed to
fit into the entrance of the ear canal. The moving coil and

diaphragm are light and are coupled intimately to the

CONFIRMATION COPY



10

15

20

25

in conjunction with the intimate coupling neans that
the 5 notion requirenents of the noving coi

WO ec@aseiz6er are relatively | ow. A noving coi | PCT/GB2004/003863

transducer requires a magnetie circuit, which
Lypheahl pcophai peiRhal . Rar b, &1 est €@hn@n .i ' acoustic
pol e pieces, to generate magnetic field lines for the

il 10 to ve. T r p [ r ' y. ;
Bt ot e SRR SO B R L SRR, B 1 epe moving
not.Lon requjrenent neans .that relatively littl .

TPBHat eSS %%erﬁgagF’ﬂﬁinl’?‘g‘ragtlar Zf%ssa%lr\n/ %L ag]jtélgedance
associ ated with both headphones and earphones. For

dRarfe undteyo ey bBs thgc t InUEHR nEPURLANToMPRSodtE the
such as conversation or may prevent a user from

meiriiong wsgfilkbevencaporfanthextrerrglg awfiid transducer are
information, e.g. a warning. Furthernore, they are
genatakleyyuneanf ortable and if the volume of the sound
being transmtted is too high they may cause auditory

20 ovar hRAd Nt Samagesndiu @bt erdqhives net hiegnetic circuit,
supplying sound to a user's inner ear is to use bone

37?1 %%C}{% :h(?él:t XRAIALE e SOMBak¥PeSe Of  heakkAd or iron

r
S IS case, a transducer is fixed "to a user's

toid b to b i call . '
T . R Chdi i FHEH PAhPE, £3e ehe cotl
SSLNHE or TUEPS00S 5 87 PTG GRG0 S opRndpertial

ear. The eardrumis not involved in this sound,

egts msksiloncembised Lydhhi Adiet HOW rapsHRR e FCHBATFRTCThe MeaNS
ear

that relatively little vibration enters the housing.

There are disadvantages agsociated with both
headphones and earphones. For example, they may obstruct
normal auditory process such as conversation or may prevent
a user from hearing useful or important external audio
information, e.g. a warning. Furthermore, they are
generally uncomfortable and if the wvolume of the sound
being transmitted is too high they may cause auditory
overload and damage.

An alternative method of supplying sound to a user's
inner ear is to use bone conduction as for example in some
types of hearing aids. In this case, a transducer is fixed
to a user's mastoid bone to be mechanically coupled to the
user's skull. Sound is then transmitted from the

transducer through the skull and directly to the cochlea or
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provi des good nechani cal coupling. One di sadvantage is
that the nechani cal inpedance of 5 the skull at the

wo omane2e7 of the transducer is a conplex funce¢CDGBRG04/003863

frequency. Thus, the design of the transducer and the

pecessary el eqfyl cal. agual i sation My, Be expensi Yais sound

Tcul t. i've SOl utionS are propose

JP56- 089200 10 (Matsushita Electric | Co_ Ltd).
BEAD7DBTOLTRNEB UL Sap I COCI PO ATV b0 e ear

the present applicant. |In each, publication, a
prravidesegopd woohpedcdlreevridnd- user's pinna, in
particul ar behind a user's earlobe, to excite

vi br abhen dikedeimtaiger eby ehatcobst imediagigalj simpedance of
transmtted 15 to the user's inner ear. As set out in
VE-02301515+ t bBet Naksdueer omythe tphezdekect risc.a complex
Li ke the noving coil type transducer in a conventiona

eaALRRoRA: Skhe Rigaaehect rig,d I ansduessi diequir €Be transducer

protection fromnechani cal damage. Furthernore, 20

tggl%l Q:ilf%zggelcte %tgalrgf télaerbscgyjt Ils r%‘%\&ﬁfsi@f&?%&@' b¥ expensive

uplé € pi“‘nna an I ng nmust be

protected. _Accordingly, the transducer may be nounted
?H%a%ﬁF%PSB%Fve housi ng. The piezoel ectric transducer
is not inintimte 25 coupling with the ardrun1?ﬁg_089200

dri vedltRiraagh vehe SPENAELPRS| y 2TRi gR PRPEGENCE Mof I

pi nna. Furthernore, sound is WO 2005/ 025267
RUELER2B04A0EIRETri4 Ind Co Ltd), WO 01/87007 (Temco Japan
Co, Ltd) and WO 02/30151 to the present applicant. In each
publication, a transducer is coupled direct to a user's
pinna, in particular behind a user's earlobe, to excite
vibration therein whereby an acoustic signal is transmitted
to the user's inner ear.

As set out in WO 02/30151, the transducer may be
piezoelectric. Like the moving coil type transducer in a
conventional earphone, the piezoelectric transducer
requires protection from mechanical damage. Furthermore,
the piezoelectric transducer must be mechanically coupled
to the pinna and this coupling must be protected.
Accordingly, the transducer may be mounted in a protective
housing.

The piezoelectric transducer is not in intimate

coupling with the eardrum and drives through the relatively

high impedance of the pinna. Furthermore, sound is



10

15

20

transmtted to the eardrumthrough a mechanica
coupling rather than an audi o coupling. Accordingly, a

wo edoabeizety high |evel of vibration energy i SPCBEGBR00803863

to maintain the sane level at the eardrumas a
E‘BQME@%QQ&' 2R PRONGA B Ul | KSrdilyid BOMHhea0idall YP6upling
transducer, a piezoelectric transducer does not have
igh inerti t | the Vi ' MY D€t ivel

Farbiencdin atorarag vt Roua s TRl e, o a7 ot Vel

rroduce unwant ed,external sound , radiation ch.. :
RASRagEBR Cou iRt STy dithoye 6L gL, By Maintain cthe
listeners _and may reduce the privacy for the wearer
gaaei deyelr prehh8l SREIHB pEr PoFRBNEBLSPRRheSEHBIERS -
apparatus. Accordingly, an object of the invention is
to pUoltidte animnprovetogdsiggn obihoustyiee DSEIEEUREY, 2
OF I NVENTI ON 15 According to a first aspect of the
pleedkilent riheceahsdupeavidded awdi bagppar atigh inertial mass
conprising a piezoelectric transducer and coupling

Reansh{ @ ERNPHiRGherd ansFusel rdfe@erdtRl. S peabadingly,
whereby the transducer excites vibration in the pinna

%?gﬁ?%ﬁ%ﬁ%ﬁ*éﬁgIRﬁmﬁﬂéea@oaﬁQHaﬁb%hﬁhgaﬁkeaoegﬁeghhhesound

user' s 1 nner- ear, aracterised in
t hat, the transducer .i s .enbedd Ln ca
r&l tt\}t?lny sd?ltlg}ﬁatl(ﬁar]%argean %?hgogggi n%é(?gat?r%%xﬁt &Y% 0P

a housing of relatively hard material such that

SRRy 119 HITR bR FHCS ath PR uL P ChfipveaTeT
2005/ 025267 PCT/ GB2004/ 003863 5 The pinna is the ,
winsl e Igf  delgeimentgiul ert@arthgheperformance of the audio

apparatus. Accordingly, an object of the invention is to
provide an improved design of housing.

DISCLOSURE OF INVENTION

According to a first aspect of the invention, there is
provided audio apparatus comprising a piezoelectric
transducer and coupling means for coupling the transducer
to a user's pinna whereby the transducer excites vibration
in the pinna to cause it to transmit an acoustic signal
from the transducer to a user's inner ear, characterised in
that the transducer is embedded in a casing of relatively
soft material and the casing is mounted to a housing of
relatively hard material such that a cavity is defined

between the casing and housing.
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transducer may be coupled to a rear face of a user's
pi nna adjacent to a user's concha. The casing and

whowsiozz6t oget her forma two-part 5 struct ur eP@iiGBR004/003863

protects the transducer. The gse of a two- part

struckyre provi des grgater fLexidiLi tyoh deshgart @ar. The
creat e appar at us mhlgh proauces m ni mal unwant ed

radi ation, and _has a transducer_which is ffigLeptLly,:

L GPRCHEREWTEN BhoG B 110 4 yFoTh Tae Gk, GbEP!sYpinna
mounting a piezoelectric 10 transducer, in a one-part
rREUSFRELI §0 asySPIERi BPBCRRF a relatively hard

material is used this nay adversely affect the

sensi Thei t pagndgbapudi dhbusfinghe tappsharusfqn® nay two-part
|l ead to unwanted radiation. However, if a relatively
seffuctimeenitdlch pretedit ot htheappeaaddiscemy Tt bee of a two-
sufficiently 15 robust. The casing nay be noul ded.

%B%ﬂ*%@%&é@ﬁﬁéS@Ebvi&@be@ﬁﬁamﬁﬁ havgipibhoyeof design to
ardness in the range of 10 to 100, possibly 20 to 80

%Q%a%%yfkgﬁg%%%ﬁg%ﬁgggk?g?@%Ees HilhiGRAe w@kvanted radiation,

polyure may al so be non 20

conduct i ng, ,non-al |l ergeni.c,and/ o . IBfected with
e R e S R B B

performance of the transducer, i.e. does not L azoelectric
SRSt r 3FRS HbVEhENt oF“fhgonFFﬁﬁgduéﬁ?ngﬁﬁE%aﬁ Brovicde

sone protection, e.g. fromsnmal| shocks and _the £
emansenET , ipart CEGRAEF MARTHIE. 1951PHE HOWTRYSs 1t 2
preferably rigid material so as to provide extra
predtegcitiedry flard heatewmimslduter usedr thigl apyy agpersely affect
2005/ 025267 PCT/ GB2004/ 003863 6

the sensitivity and bandwidth of the apparatus and may lead
to unwanted radiation. However, if a relatively soft
material is used, the apparatus may not be sufficiently
robust.

The casing may be moulded. The relatively soft
material may have a Shore hardness in the range of 10 to
100, possibly 20 to 80 and may for example be rubber,
silicone or polyurethane. The material may also be non-
conducting, non-allergenic and/or waterproof. The material
preferably has minimal effect on the performance of the
transducer, i.e. does not constrain movement of the
transducer and may provide some protection, e.g. from small
shocks and the environment, particularly moisture.

The housing is preferably rigid material so as to

provide extra protection for the transducer, particularly



10

15

20

25

during handling. The relatively hard material may have
a Young's nodulus of 1GPa or higher and may for

wezaspteebe a netal (e.g. alumniumor steel MMIT/GB2004/003863

have Young's noduli of 70 GPa and 207 GPa

espectivel.y)., har I | CS. . e %ial have a
AEF PR an A0t adl Bher S STt Ratg=l MaREHial may ba

rei nforced plastic having a, Young' s dul us. o
BPUng oft msfi&%tlﬁcg%h&ﬁf’ﬁg%g %@E“g@gfs arﬂg%dﬁ‘aaé fo‘fJ 1&%@@ be a
Both the casing and the housi ng may be nou| ded 'e'ﬂ'd 11 of
natalt we - St eplHBERARgOBpEE&ET oWl At BRKEL LIRS St Hady
10 housing may be cast or stanped. The casing_nay be a
$0apsP4i tanidh DS hGBsi meespecerdel vl , mimihcPdpsTithe (e-9-
coupling between the casing and the housing is

?é@&péﬁtﬂ VAL ol £ 4101 & eBueedt eapsMisstare (HBSA bpat isonglass
rom the transducer to the housing. The housing may

beigedpbed 1h 4 itdhenHasidg atohifgaki arsuonst kef C25i@Ba) or
havi ng reduced vibration. The | ocations may contact

%Sgi;ogﬁa% 1128 1ok i ABSHUEBnat sWhbaR1 ¥EbERL 1 0BPRS
sappressed, e.g. by

nount | ng nasses. The | ocati ons

may b t he opposed ends, . of .t he .casi
cavitéogbytgﬁ%u$£sﬁ?%iﬁ%€ Egﬁpﬁ¥ﬁb3%§fmegn.%%eigggg?%@ ©-9-
and the housing. The_cavity may also be i gned .to

dgduBe F¥Ar FERR afioo % em ?ﬂ%¥?Féﬂ§‘duceSﬁ%ﬁ%&? Vyely' the

reduce unwanted radiation fromthe apparatus. Thg _
bavisiy.amapihave caskeeRafiteEPenpdign @I ZERIRY)) P8 & snap
which is |l ower than the 25 output inpedance of the
tiiansadudére dmchenmice forefeesablof, manpi@ctuixen t he

i npedance of the pinna (Zpi xma). Thus the WO .
2005/ @2R2640oRET 1 B2 MR4MRA3IB68he casing and the housing is
preferably minimal to reduce transmission of vibration from
the transducer to the housing. The housing may be coupled
to the casing at locations on the casing having reduced
vibration. The locations may contact regions of the
transducer at which vibration is suppressed, e.g. by
mounting masses. The locations may be at the opposed ends
of the casing.

The cavity may ensure minimal coupling between the
casing and the housing. The cavity may also be designed to
reduce rear radiation from the transducer which may reduce
unwanted radiation from the apparatus. The cavity may have
a mechanical impedance (Zcavity) which is lower than the

output impedance of the transducer and more preferably,

lower than the impedance of the pinna (Zpinna) - Thus the



10

15

20

25

7 mechani cal inpedance of the cavity is preferably
desi gned such that it does not |imt avail able force.

wabesetsase the notion of the transducer and aREl/GBRI0E/003863

force is not significantly effected by the cavity.

Therefpre the cavity 5 does not_ have. j .
BFERCTLGRL  ABCERRECE iy 0T | CRFOEed bl T oy Jeeioned
cavity inpedance is |ess than the i npa i npedance

anthy Heahyar| dpee POE cA1RAY BEat TaRLRi TOBE - ¢ o pfEeroTe the
pi nna and the cavity has a mninmal effect_on the

.

opeiani onfof thhe deenesducghe aRflectvellehbecalprgeisis not
then 10 limted to the desired function of nechani cal )
piehecitantlgndffeduetii by theunamihtgd eXherefibre the cavity
acoustic radiation. The mechani cal properties, in

gaeLi eirarnips hanigdrinamedansefe®f bhe thransshcerivity of
may be selected to match those of a typical pinna. By

QEEC@é%légﬁ NMRER2RI ¢@le m&%%%%ifﬁpeéén&@ Rar tic@d athan the
t e

e mechani cal 1 npedance, inprov efficiency and

bandwi dt h b ' d i : ’ mitte
REBRAn e R s Re, Alds EhE)ay 1 AEPT8) EUPEL madPpe rranemitted
to the agglication

For _exanple, if the.na%ggﬁ%

tParfdfucRt™ e 3P6h t47 nCEY bd atf MR e SRS O BRE
i npedance of the 20 transducer nmy be increased to . th
pPevRdéolr &t dhedHeIbias y.ThGSl%ﬁ’reedcﬁ' rahstigefakRly 18 then
have reduced efficiency but may still be useable. The |
fechaedcaio ptbperdésiscast fhectiensficapepgnibeal protection
mat ched to optim se the contact force between the 25
ahansedoer iand dtheirpianted tateexafpbechptionsiedépingn.
one or nore paraneters sel ected from snoot hness,
bandwirgich aedhehi W1 2Q08fede26E, in particular mechanical
impedance, of the transducer may be selected to match those
of a typical pinna. By matching the mechanical properties,
in particular the mechanical impedance, improved efficiency
and bandwidth may be achieved. Alternatively, the
mechanical properties may be selected for suitability to
the application. For example, if the matched transducer is
too thin to be durable, the mechanical impedance of the
transducer may be increased to provide greater durability.
Such a transducer may have reduced efficiency but may still
be useable.

The mechanical properties of the transducer may be
matched to optimise the contact force between the

transducer and the pinna, for example by considering one or

more parameters selected from smoothness, bandwidth and/or
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PCT/ GB2004/ 003863 8 |evel of the frequency response
determ ned by each subjective user as well as the

w@bgosiozreb7 confort of the user both statical |l yPErdBRev4/003863

the presence of an audio signal. The mechani cal

rties he er selfetsa,; 0 each
g%??r% s€t hggl?ér eqﬁgég{&éggﬁgerg&s{)ﬁget r ansducellrn.%étTheby
mechani cal properties ipclude the_ Lo [ 0
ABGMEThG o alaBa REs Bl EReCHANBaY Sorapi SoBEras: P HE ueer
Iagers. The transducer, ma%/ have an off centre nounti N9 nal
RREReRE i lsibnaRdt drteth’ REEFERGSprovi 88 qodte STIna--
contact 10 to the pinna. Masses may be added, for
Bkenpechanithd pmopersieshefptbgotiranefiecs| Bagnbe pglected
i mprove the [ ow frequency bandw dth. The transducer
ey ohaveisel thel €reaypensyofrangeerbetbet crengdtieeical
whereby the voltage sensitivity may be increased and

the vehbagRdHeaUidampitoirtdranply figdl dde mele btocation of
reduced. The or each | ayer of piezoelectric materi al

RBY Ofo ssethgeengoupki NG HPaRsmBES! e5@blY ezoelectric
provi de a contact pressure between the pinna and the

ppar at us that_th par at IS up| :
?Lﬁl&lerﬁtécha%ﬁgal Ifa}%sé a%%g %?92 S‘dtw\)hee %ﬁqn%ﬁd I#gﬁ{;@ mounting
contact pressure is t?o [ ight edanc

a

, th Hye
YPETERed (P TTEORBbal AFES 18 ({56 Tl | Pt (Reg0ood contact
energy transfer may be significantly reduced. The 4
&oupshien§inmeans MAEPase MY ke 206EM 0fC% RIGRP1gn 2lpsEF ends
end of which curves over an upper surface of the
pifnridie e danleecnit 26l engnturive UMEEPVEhshEOoWSN frequency
surface of the pinna or may hang straight down behind
thediidth. A hrok hawnegubetrh memgs have wmultiple layers of
piezoelectric material whereby the voltage sensitivity may
be increased and the voltage requirement of an amplifier
may be reduced. The or each layer of piezoelectric material
may be compressed.

The coupling means preferably provide a contact
pressure between the pinna and the apparatus so that the
apparatus is coupled to the full mechanical impedance of
the pinna. If the contact pressure is too 1light, the
impedance presented to the apparatus is too small and the
energy transfer may be significantly reduced. The coupling
means may be in the form of a hook, an upper end of which
curves over an upper surface of the pinna. The lower end

may curve under the lower surface of the pinna or may hang

straight down behind the pinna. A hook having both ends
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WD 2005/ 025267 PCT/ GB2004/ 003863 9 curving over the

pi nna nmay provide a nore secure fitting and shoul d
woraostai2e7 suf fi ci ent contact pressure for ef f PCT/6BR004/003863

energy transfer. The housing ig nounted to the hook so

t tr ducer_casing_contacts a | ower par e

‘ﬂﬁ‘ il 0Pty S i | RePRERE. rEeRBoR Ry end Ltting
of ne plastlcs or_rubberised naterial. The

Bﬁﬁigtugeﬁﬁﬁ%ﬁﬂnnﬁ%ﬁﬁ%F%ﬁﬂqt FANFAEE| | PFesgyre for

Iocate the optimum | ocation of the transducer on the

1 By emessth GrRRsdeual user as taught in WO

02/ 30151. The audi o apparatus may conprise an

equal 8w fousdpd yiimg meunggdal ksat tha tbookpreve it the

acoustic performance of the audio apparatus. The

auchresppar atasimgy cbatdabanded.overe. pdad @ﬁetﬁa éﬁ%ma, for

both ears. The manufacture nmay thus be sinpler an

cheapsle Shacechhe 199k | NGHEOSHEARI Gudpdygedy

Furthernore, the apparatus may be nDre user - Prlend

Sélr},‘;secg; q_btﬁealappar atus on the vvrong

ear an acerrents € easier to obtain. A user

may u udi o_appa uses, 20 one mount ed_on

ea¥. ?ﬁé é%ﬁ FRB%& %Hﬁ By $FE et "f‘otb i é&mﬂ§0111ty
appa at us to create a correlated stereo image

o nigacaaetﬁélesa%tmvmb&ﬂqaéa@mo SppaPSt (Semsdugsr on the
audi o apparatus may conprise a mniature built in

REHFph gagh figydigri s fisee bel dptvweint aiwl/ ¥O reRy/30151.
25 conprise a built in mcro receiver, for exanple,

flre audio apparatus may comprise an equaliser for applying

F metal,

an equalisation to improve the acoustic performance of the
audio apparatus.

The audio apparatus may be unhanded, i.e. for use on
both ears. The manufacture may thus be simpler and cheaper
since the tooling costs are reduced. Furthermore, the
apparatus may be more user-friendly since a user cannot
place the apparatus on the wrong ear and replacements may
be easier to obtain. A user may use two audio apparatuses,
one mounted on each ear. The signal input may be different
to each audio apparatus, e.g. to create a correlated stereo
image or may be the same for both audio apparatuses.

The audio apparatus may comprise a miniature built in
microphone e.g. for a hands free telephony and/or may
comprise a built in micro receiver, for example, for a

wireless link to a local source e.g. a CD player or a
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wireless link to a local source e.g. a CD player or a
WD 2005/ 025267 PCT/ GB2004/ 003863 10 tel ephone, or to

W@ 200802267 sour ce for broadcast transm ssi ons. PCT/GB2004/003863

According to a second aspect qfg the invention, there

| 8aPLOMLHEd a npthqad, of designing audi o_apparatus .5
coﬁpr?s?ﬂg’nec ani ca Iyi%ouﬁgwﬁ %é pFS%SSEeCt pg  broadcast
t{@gadggeri to a user's pinna and driving the
trafisducer-99°that the transducer excites vibration

in the pinna to cause it to transmt an acoustic

si gnal PFFORtine EPaRsdiR®nd cagpecer 0 thengmweption, there
characterised by enbedding the transducer in a 10

chBi nrevidedat iavel pesbpt nuiferi desagdiby nmemdtiong dpwaratus
casing to a protective housing of relatively hard

neewpT a$ ing usdchdrat cal bavedypl sngled | peslzbet seeri & heransducer
casi ng and housing. The nethod may conprise sel ecting

pes aBetRSey '@f PNl and S ARG nef ﬂHE*@fgﬁéducéfsgegthat the
and housing to reduce unwanted™ radi ation, provide

piﬁéﬁﬁéﬁ@@rfchibéstaﬁgﬁﬁﬂﬁgﬁlqﬂglgﬁetgFf§%ﬁ3L9 9999 it to

sensitivity and band _ n particdul

coppl lng. bet éhe casi ng, and housi anq40r the

cavity — may \tl)%&g‘é T 'S e‘ﬂﬁ%r% #h‘?/é%’faerbs Yeftattorf user's
Tygnnaterial go of the casing may be selected to .
ehdlte §3bd SEALPELFFEFedaky HAMRAMNDY aklae ok rpreduger in a
some, protection for the transducer. The naterial of

tFRSHKIs Oty Falabbvely e@fd t Batprédildeandidityl omalinting the
protection. The mechanical inpedance of the cavity
R3S Y | b Phabechéveuhputsingpedaned aafiviele hard material
such that a cavity is defined between the casing and
housing.

The method may comprise selecting parameters of one or
more of the cavity, casing and housing to reduce unwanted
radiation, provide protection for the transducer and/or to
ensure good sensitivity and bandwidth. In particular, the
coupling between the casing and housing and/or the cavity
may be selected to reduce unwanted radiation. The material
of the casing may be selected to ensure good sensitivity
and bandwidth and/or provide some protection for the
transducer. The material of the housing may be selected to
provide additional protection. The mechanical impedance of

the cavity may be lower than the output impedance of the

transducer and more preferably, lower than the impedance of

the pinna.
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25 transducer and nore preferably, |ower than the
i npedance of the pinna. WO 2005/ 025267

wEANs5@B2604/ 003863 11 The nmethod may conpri SECT/GB2004/003863

nmeasuri ng the acoustic perforrmgnce of the audio

appar f h dj usting the | ocation of .
tﬁg t%ﬁ%du@%?ﬁgﬁ t% pi ﬁ%n?%lrée ear@ﬁgﬁﬁaf‘{}gdu%ltheuseal’cousuc
t i.m se acousti.c perfarmance, for 5 exanple to
ﬁ%%@?%%m%ﬁﬁ?rnﬁéncﬁﬂﬁ p@#@&ﬁbe?p?ﬁ€a5ﬁ§i PT pBefhi giger and
may., be nmeasured_by determ ning the angle between a

h%‘?fii USRY BReslecpEAarn@h Hisughranedesey aptethe tHiena for
ear canal and a radial |ine which extends through the

R Fantedivhduahi eser ok pe OPErids sko adveistant mar fdinmafe, for
the 10 transducer. The angle may be in the range of 9
texaripleedreeprafvidec! bpatiman. Thaalet belaney. COMms i S$htimal
appl ying an equalisation to inprove the acoustic

es S 0f TN araPibd et appadatdidniniile ¢ Nt Yhetween a
conprise applying conpression to the signal 15 applied

tﬂﬁkiiéﬁﬁﬁycgkispé&%éﬁHkﬁ@#ﬁgﬁﬁ% g&h&?nggyﬁgﬁcéstg the ear

pi ezoel ectric transducer. nay conprise

|14 Sl h act _force between the. transducer
R Thad, AnieSeRL Ehnbabfirlr e8RS "Stch St fpcrance
consi derin paranmet ers such as_snoot hness, bandw dt
ant orwﬁéggl SPT3ESPREYEr ediRnciifes seidEadet ?¥ifedof  the

by each subjective user as well as the physica
c%ﬁﬁrb?quc’cﬁrt hébgse?Bbe h Wtvat Peal }1y téed rangde of 9 to 41
presence of an audi o signal. The audi o apparatuses and
adiREs dus dedddadtiors may

The method may comprise applying an equalisation to
improve the acoustic performance of the audio apparatus.
The method may comprise applying compression to the signal
applied the transducer, particularly if the transducer is a
piezoelectric transducer. The method may comprise
optimising the contact force between the transducer and the
pinna. The contact force may be optimised by considering
parameters such as smoothness, bandwidth and/or level of
the frequency response determined by each subjective user
as well as the physical comfort of the user both statically
and in the presence of an audio signal.

The audio apparatuses and methods described above may
be used in many applications, for example hands free mobile
phones, virtual conferencing, entertainment systems such as

in-flight and computer games, communication systems for
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be used in many applications, for exanple hands free
nmobil e 25 phones, virtual conferencing, entertainnment

wayaseeresuch as in-flight and conputer ganes,PCT/GB2004/003863

conmuni cation systens for WD,3005/ 025267

PCT/ GB2004/ 003863 12 _energency and ur i
SREVICRSY r \%Célﬁfl&a‘er 5?%8&5 Sact Fl\%/cggﬁ{fg?{é%r operations,

cancel I i ng ear phones,, tinnitus nmaskers, call centre 11
AFELERCPOLEL ADGSH IO | SHEPLPRRR: t heFPFEUE Jas ers, <2
cinema, enhanced and shared reality including data and
Genbrer nardonsenrerdntal, 2pRl heaglappl i da@MPnstheatre and
museuns, stately hones (guided tours) and thene parks
abfleins; Canhandeat t andmeshar&dr theahire, idugdddico data and
apparatus may be wused in all applications where

DatYraht 888 UDhPBeHgfes heatragnibigt &epletat heds, e.guseums,
enhanced safety for 10 pedestrians and cyclists who

%Eg Q;ngo HdrdeNi 89 03 RIRYABMEnHBLSHdR]I MhAkPes@naln-car
eaﬁp nes. A partially deaf person nmay have good or

%%gg% Le mAgar| ngFS%EBeBQ&B{cegi %lﬂeg %Eléﬁgggﬂ L AD98s ARy be

earing ‘over eres range.
The _audi o apparatus,15 may be used to_au nt _the k
BPSBhe r oABNCAPPLAGR TORS vAFERa PAPLATI y el D hpeded
erson has poor hearing w thout inpeding the deaf
g@ﬁ§éﬁ95 ekt ndPovereEnenedst §ﬁ9theth%ﬁﬂ%}mysafetY for
range. For exanple, the audio apparatus may be  used
pedesgmentist hendpperydrigiuencyheangeef orlepartigfieying to
20 deaf person who has good or adequate hearing in the
bevwgirampar fna@bribe frieqpensynapeheandphonesice versa.
The Iow frequency range nay be bel ow 500Hz and the
hi gh hregaeptylly deaf person may have good or adequate
hearing over part of the frequency range and poor hearing
over the rest of the frequency range. The audio apparatus
may be used to augment the part of the frequency range for
which a partially deaf person has poor hearing without
impeding the deaf person's hearing over the rest of the
frequency range. For example, the audio apparatus may be
used to augment the upper frequency range for a partially
deaf person who has good or adequate hearing in the lower
part of the frequency spectrum or vice versa. The low
frequency range may be below 500Hz and the high frequency

range above 1kHz.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the invention, and purely

by way of example, specific embodiments of the invention
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range above 1kHz. BRI EF DESCRI PTI ON OF THE DRAW NGS 25
For a better understanding of the invention, and

w@eosiogs26by way of exanple, specific enbodi menPCT/6B2G0A©03863

i nvention WD 2005/ 025267 PCT4GB2004/003863 13 will
now be described, with reference to the acc anyj ;
Wtahi AGY ﬂﬁamﬂ?%@F¥£%§hewitbsIg%ﬁgFgﬁchfbégg?eagggg%%nylng

embodi ment of the present invention nounted on a
Prawings M gc? is a cutaway side view of the audio
apparatus of Figure 1 with parts renoved for clarity;

Fi gurBigurs & teosspsespeohive vieew opLtaw a@b@@%@%@tg?f the
Figure 1, taken at right angles to that of Figure 2;
prevens fiavés: Asn ai@usiede ori ewpiahaal t ernative 10

pi ezoel ectric transducers which may be used in the

presepi qul-8vent kop; chtawsy B8ile @iewaph ehepawdio apparatus
agai nst frequency for the transducer of Figure 4b

URoB; BhHECSY 1R Le i adse 9hs g sohorm i

agr nical 15 i npedances  of the

oSR5SR B 9L L fepeppzere of

aspect- _ gure /a s a grap

FRgaenty: CRIGorat L9 TRt (] SFATeRS GHOUFeF? jur e

7a, and 20 Figure 8 shows a side view of a user's_ear ,
on whFépuzms 4a to 4c are side views of alternative
piezoelectric transducers which may be used in the present
invention;

Figure 5 is a graph of power against frequency for the
transducer of Figure 4b when attached to the pinna;

Figure 6 is a schematic diagram of the mechanical
impedances of the component of an audio apparatus according
to an aspect of the invention;

Figure 7a is a graph of the mechanical impedances of
the components with frequency;

Figure 7b is a simplified version of Figure 7a, and

Figure 8 shows a side view of a user's ear on which an

audio apparatus may be mounted in a preferred position.

DETAILED DESCRIPTION

Figure 1 shows an audio apparatus 30 according to the
present invention mounted on a pinna 32. The apparatus

comprises a protective outer housing 34 to which coupling
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audi o apparatus may be nounted in a preferred
posi ti on. DETAI LED DESCRI PTI ON Figure 1 shows an audi o

wappaz2es 30 according to the 25 present i nvROL/GBRO04/003863

mounted on a pinna 32. The agparatus conprises a

rotective oyter housin 4.to whjch coupl
B 0526 7VPET SERSG4/ 8%%Weﬁ4h°ﬁ53n§%52%ﬁ§%¥%m?tta0hed'
upper and | ower hooks 36,38 are attached.. The ho%ks
Bee J0EBp36veP LREPUPHEE ARG UBRST FaIt sQyfeR perts of the
pi nna 32 respectively to ensure a good contact between
phena apparespscahvelietpi pgureead 9Ny SAERFT RRvgRN the
housing 5 34 to be connected to an external sound
SOt L uAS agbowhd npifrirgur ese2dando 3exthedouirem Hoesilmgusing
34 is a holl ow body which houses a casing 42 in which

B phegoelsrhebeclr 8oSaHCE L dAnkT Soheddedurdecavity
48 is defined between the inner face of the outer

housi Ag o@ﬁd%ﬂoFﬂﬁﬁrggtfraﬁécf,OéhéhguﬁéﬁiﬂguégngT@@ is a

casing 42 1s o general ly rectangul ar cross-section

Wi a concave sect.i on nd_is ! Sp-,as:to ;
B?i)g?‘ﬁe %O ug Vﬁlutc%n Pﬁ‘ggﬁger S %Jl}%ﬁ? T2e Cal‘?l néﬂhAleCh a
is formed froma material which is h.softer_that .
PhEZARL BPFEL CUSHPIHINATe hBusitgoBao0q8aThe ekt Y 48 1o
hou$ing 34 is connected to opposed ends of the casing
defbyedohntueshs the vWmner fafienicfe tharfHesiprsypg 34 and
vibration fromthe casing 42 to the housing 34. The
bhesiougre34 Esckorafedthkt ltdsdoys 52.whi Thesemmiag hé2 is of
coupling nmeans 54 thereto. 20 The casing 42 is formed
wehBral pyojecieorud dralargd-ection with a concave section
46 and is shaped go as to provide a snug fit on the user’s
pinna. The casing 42 is formed from a material which is
much softer that the material used for the housing 34.

The outer housing 34 is connected to opposed ends of
the casing 42 by connectors 50 which minimise transmission
of vibration from the casing 42 to the housing 34. The
housing 34 is formed with loops 52 which secure the
coupling means 54 thereto.

The casing 42 is formed with a projection 57 along the
short axis which provides lugs 56 on either side of the
casing 42. The lugs 56 engage in corresponding grooves 58
on the inner face of the outer housing 34. In normal
operation the lugs 56 are not in contact with the housing

34 but prevent the casing from being detached from the

housing, e.g. if the casing is pulled vertically. The
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short axis which provides lugs 56 on either side of
the <casing 42. The lugs 56 engage in correspondi ng

w@r@swer6b8 on the inner face of the outer hoPGT/GB284/003863

I'n normal operation the lugss6 are not in contact
with_ the housing, 2

SerRYLH: Hened o
is pulled vertically. The WO 2005/ 025267

porrEBg094+ 003863 15 coupling means 54 is secured to

the outer face of the outer housing 34. Figures 4a to

Ac shBhgakeer ndei vapi eéxvel geev i cal teansdiicer sphpreplectric
may be used in the present invention. In 5 Figure 4a,
thentdansdycehitd maychevededndncohpr psesehtwoipuenedon. In
pi ezoel ectric layers 12 sandw ching a curved shim
Fayakrelda | Ncid gUE-88sdbcand 14c, i 4 heuktragsdurersomLises two
not curved and are rectangul ar of Iength 28 mm and

' 6 4% L, € 1br ansAsG CAMEISRSY shim
B P e T SLsse dstr e e A Sach ot
hi ckness 100m cr.on. ch_pkezqel ri i
18¥5Fatar by 8 CHOBERyl g of Cor S0 (g flodts [ dre not
80m cr.on _thick. sses_86 are.mounted to each e 0
CREVERaABduCER. e honE0 ! StpProbe ety a8 OR ARd pRach’b mm.
transducer, at these regions. The transducer has an 15
out puilni Ajemfcetlor B8RS KEARBANRer] ff cABRTIFRS two layers,
transducer conprises three |ayers 16 of piezoelectric
88t exfi api¢eoglecPzZiy mbternali mgohi tof f bhickheesr §émicron.
| ayers 18 (typically silver palladium). The polarity
ohcbaph epicel eeltedla ilayelkrager 136 sepairadiedabgd awshhmafdayer 84
arrow. The layers are 20 arranged alternately in a
strage s Ryihe, top aoeh dedd ofhick. Masses 86 are mounted to

e cas

ﬁ%?%%ggﬁ% ;gﬁg?ﬁgfgSt%?S%%gefégr%%e outer

each end of the transducer, e.g. to suppress vibration in
the transducer at these regiong. The transducer has an
output impedance of 3.3 Ns/m. In Figure 4c, the transducer
comprises three layers 16 of piezoelectric material (e.g.
PZT) alternating with four electrode layers 18 (typically
gilver palladium). The polarity of each piezoelectric
layer 16 is indicated with an arrow. The layers are
arranged alternately in a stack with the top and bottom
layers being electrode layers 18. The transducer is
mounted on an alloy shim 17 and is secured by an adhesive
layer 19.

Figure 5 shows a measurement of the power dissipated
in the transducer of Figure 4b when it is attached to the

pinna (dotted 1line) and when it is not attached to the
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| ayers being electrode |ayers 18. The transducer is
mounted on an alloy shim 17 and is secured by an

w@awes2ize7 | ayer 19. Figure 5 shows a neasur enOl/GBR004/003863

the power dissipated 25 in the transducer of Figure

. Lt t.t agh to t Inna.(dotted |ine n
arBRe? (bernd, TrBlCndn, tlie b aossEnssg, ounted to the
PCT/ GB2004/ 003863 16 pinna (solid Iine) - Wen the
tPEPRYUERE PSWRBURKETAEESEnE tpth e Her Prmkicak tiscingreased

fromthe transducer is increased since the |oad of

t FERGE nf&esi eadi cdnttlye i pénoasesigheficwatlparincokases the
the electrical inmpedance of the transducer. 5

Geeret abbyt tdie ehecteliecalricepedanesiaica prezoel ectansducer.
el ement is predom nately capacitive. The cavity may be

deshgrell fs Seie 0w efxAWal t Ampeahekancert oy Fi ;ﬁi@z@éeﬁectric
to 7B. Figure 6 shows a schematic diagram of the

| smafanc ess ob ri dsmsySt ey Nasml ¥ ffe 10 inpedances of

the pinna 32, the transducer 70, the cavity 72 and

the o [ The vi.t s_a stiffness or .
nechaﬁﬁ%%lqgﬁgé an%éydé?%r%%ﬁ%éﬂﬁ%?i?§ afea &t dgﬁ}ﬂw' with
/\eyibratiog of_.the oungr housi ng 74 or casjing around i
the 1T dble H9EEEE 1t EOnpPPesd G T ¢ hFEOWE ff rsdematic
%gg t hus 15 the housi ng_and casi ng may be consi dered

tSFEFBuPed Bee tHPRI@AISE e ndrhanvsiennpetaily the
of the cavity ma be estimated by cal culating the
comprdamees opfathgi mingad 32vhi tihe | tsehbdoagrb&0, the cavity
estimated (assum ng small displacenents) from

72 and the outer housing 74. The cavity has a stiffness or
mechanical impedance determined by its area and depth. A
vibration of the outer housing 74 or casing around the
transducer leads to compression of this stiffness and thus
the housing and casing may be considered to be coupled to
the cavity. The mechanical impedance of the cavity may
be estimated by calculating the compliance of an air-load
which itself may be estimated (assuming small
displacements) from:

__depth

Ccavity = Area-P 0

where Py is atmospheric pressure (101kPa).
The mechanical impedance of the cavity may then be

expressed over a frequency range using:



10

15

20

C cavity - depth Area-P o 20 where PO is atnospheric
pressure (101kPa) The nechani cal inpedance of the

w@a005095260my t hen he expressed over a frequencRCT/GB®4/003863

usi ng: WO 2005/ 025267 17 1 Zgavity= 2icfC

PCT/ GB2004/ 003863 The paraneters (e.g. size and
conposition) of the piezoelectric transducer are

selected for efficient eagray= sfer to the

mechani cal inpedance of the pi fref©ver a 5 given

bandw dth. One acceptabl e design of transducer which
operates from 500Hz to 10kHz conprises five

pi ezodllert pacaredpass dadgi s £Bmn xrBMmeobyebiaion) of the
transducer has a nechanical output inpedance of 4.47

kplezodd et iy wbdisdineer Sap® 3etacasdt Rert LAFQUEBE energy
and a depth of 2.5mm has an 10 air-load conpliance of

Eransi AN Y. thied Wenbm iaWs; 4 éﬂ??dggcﬁyg ﬂfﬁha over a
cavity (Zcavity), the pinna % I nna) and the

AU 0¢ S aoaL gl L e The LBedaeE

of the pinna 1s rou S

t | ue Zpinna = 2 . 7kg/s . 15, . .
k%ﬁoﬁ%ﬁﬁgl%?bThg8§Hﬁg&8n§énﬁ?Ze%%%g%b%%%nghVenéyeﬁ@eleCtrlc
i_nplified as shown in Figure 7b. At a frequency fl
?5%%?6&. HAS t FE™HecFanidl- | Fyedance Gfrapisducevi t pas a

is _equal to that of the transducer. Below this
i&alt pattput impedance of 4.47 kg/s. A cavity with the

same area as the transducer and a depth of 2.5mm has an
air-load compliance of 1.47x10-4m/N.

Figure 7a shows the impedance of the cavity (Zcavity),
the pinna (Zpinna) and the transducer (Zpiezo) against
frequency. The impedance of the pinna is roughly constant
with frequency below 1kHz at a value of Zpinna = 2.7kg/s.
Accordingly, the impedance of each component may be
simplified as shown in Figure 7b. At a frequency £
(approx. 420Hz) the mechanical impedance of the cavity is
equal to that of the transducer. Below this frequency the
transducer output will be constrained by the action of the
cavity and thus £; should be set as the minimum operating
frequency for the apparatus. The frequency of f; may be
lowered by increasing the size (particularly depth) of the
cavity to avoid the crossover point occurring in the

working band of the apparatus. Making the cavity deep
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transducer output will be constrained by the action of
the 20 cavity and thus fl should be set as the m ni num

wop@sarizey  frequency for the apparatus. The fPEGBR@Y/003863

of fI may be Iowered by incrgasing the size

articularly dept of the . cavity to avgid the.
%#%E%%ng %ﬁeOCE%?HQﬁfﬁi%q%ebe§HF§Pndggangg%%n?mfnd/or
apparatus. _Making the cavity deep WD 2005/ 0

5267,
peye Ep2 08RA 0bB86SAVILY 180 dritR ghr BV TS e}%alf“ﬁ eo‘% oUBISTRFT -

between the casing and/or housing and the cavity in
t he fAequehey banesof Pperaesng gIGQH@n¢bmesﬁamely 500Hz,
operating frequency, nanely 500Hz, Zcavity = 2.17kg/s
acavitys=Zeaui7ky/s Apderbuandcaoaviyt « <zpieZpiamd.Zcavity <
This condition is also satsified throughout the
gpehasl ng TregueBeditiof. Wt dJOKHarssifAed 4pireAghciuit the
constant, Zpinna is constant to 1kHz and then rises

Zcayi rea Wi r . Figur ez8; i
éﬁ%ﬁé@ﬁng ﬁiéé«fyé{eg%, ases. Wit d r a@uency 51&1%% tﬁélezo is

ow t ocation of the transducer on

Qéﬂgéaﬁgy ?gi%dgu§ée?o%§faﬁécgoif .¥i9#$|tﬂgﬁr¥%§?s whereas

provi'de opttmal 't doha ance or to optimse o
featuresd of the acougt%c response. By optimsing the
FORYE FENIBFLeRRESt FARRdHERAUSERE  pi nna and t he

transducer may in effect forma conbined driver whjch

i s unF#aBTreo Sarfhah Viuatha slgsaEiomh@fopilifransducer on
position is nmeasured by determning the angle O

beewgeineze cawtyr aber aafiplstede f6T amdch hmdipomugl user to
axis 66 both extendi ng through the entrance 60 to the
paovidanabtimhe eentiabaladial oki ne 6@tdémisespohds features
the central axis of the transducer and gives the

OBt it adOuPOstt keBpbAket he By appdimeEiher thd i¥sdation of
user.
the transducer, the pinna and the transducer may in effect

form a combined driver which is unique to an individual
user. The optimal position is measured by determining the
angle 0 between a central radial line 62 and a horizontal
axis 66 both extending through the entrance 60 to the ear
canal. The central radial 1line 62 corresponds to the
central axis of the transducer and gives the optimal
position for the transducer for a first user.

Upper and lower radial lines 64, 65 both at an angle o
to the central radial line 62 show the extent of possible
deviation from the central radial line 62 which may lead to
the optimum position for a second user. Tests have been

conducted which give a value for 6 of 25° and for o of 16°.
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Upper and | ower radial lines 64, 65 both at an angle a
to the central radial line 62 show the extent of

w@omsiokize7 deviation fromthe central radial |PEEGB2004/003863

which may lead to the optinugbposition for a second
%igg. T$sts have been 25 conducCted which give a val ue,
fol° 0?BF195 HMP1GTSH ‘6§Y1620“\1%123@05¢102512%75-1n facility to
PCT/ GB2004/ 003863 19 The audi o apparatus may

Sethe baptimin pasition.t o The aad]j uéienept | bonthe angle
position. The.adjustnent to the angle nmay be nade by
c@vbi hed manenbyt ofmibiheed r ansdmeat anfl tihepetrensdwefer and
the hook. As an alternative to using the 5 horizontal

aper t brdangt e they heokPasy ednr elBidMead &d to using the
vertical axis 68 extending through the entrance 60 to

-1 R 0aNRki s BY t ARURLANG thE, t bansfueel-Rehiod the o 5

ear, the audio apparatus is unobtrusive, discreet,

angd- . obstr r distort the shape of e
pinﬁgl ihgg%%%nééug%%ePégﬁgsF%ﬁga#@r%ﬂﬁzﬁﬁf ?R%?dégsto the
%%&_inpe e the entrance to the ear canal and thus

NGr el ¥ dring is not affected. Furthernore, there is

reduced occlusjon of the external ear and hence .
reduc&y STOHSIRE athRatiraRsaresEs batidmcc dripmarear a5the audio

conventional headphones which occlude the ear to

PRPPITRG Usdelg? eaBobThes dvei odappaeeatus arsy dees not obstruct
manuf actured fromlow cost, |ightweight materials and

ey thesobe dibpossidme Tfe tHdesppsahilityhepyhmducer is
advant age where hygiene is

distanced from and thus does not impede the entrance to the
ear canal and thus normal hearing is not affected.
Furthermore, there is reduced occlusion of the external ear
and hence reduced or no localisation errors when compared
to conventional headphones which occlude the ear to varying
degrees.

The audio apparatus may be manufactured from low cost,
lightweight materials and may thus be disposable. The
disposability may be an advantage where hygiene is
paramount, e.g. conference use. Alternatively, since the

audio is not inserted into the ear, it may be more

comfortable and thus more suitable for long term wear.
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20 paranount, e.g. conference use. Alternatively,
since the audio is not inserted into the ear, it nmay
wheoosoeee7 confortabl e and thus nore suitabl e fRCT/GBRW4/003863
termwear. WO 2005/025267 20 ,{CLAI M5 PCT/ GB2004/ 003863
1. Audi o apparatus conprisirgkﬁﬁgiezoelectric
transducer and coupling nmesfis—br coupling the
transducer to a user's pinna whereby the transducer
dxci t 28d¢PhPRDAERLUS CREDFLRIAS & PEaERRIFFL S transducer
transmt an acoustic signal fromthe transducer to a
asdr coupiney esmanscfaractemlsiow ivthe herangucer to a user's
transducer is enbedded in a casing of relatively soft
pahani ahezBByt hBeCcagshngduservurtedetovabbatsbnginf the pinna
relatively hard material such that a cavity is defined
£0 between the £asinghaush houst NGhechstAldi @igppar afudm  the
according to claim1l1, wherein the transducer is
%%%RESQCBE %guﬁlﬁgeEQSaihﬁgﬁ 23%? %Lg?a%%%%iéedpﬁﬂn@hat the
adjacent to the user's concha. 3. Audi o apparat us
ccording to,claiml.or.cl.aim2, 15 whereint .
gaaﬁfggh‘fj%ﬂ?et %\Eener?%%dcg%%i ng* afid ?ﬁglﬂ%usﬁmﬁg r|esl|}ﬁ:lvely soft
m nimal _.to reduce transm ssign of vibr%:ion frowhthe. £
feifEdader a8 t kEChoG8PAGY ard WHBMEERSY h&Choflsi AGUFERI  ©
coupled to the casing at |ocations on the casing , )
retang veladubeddyinstatisd 2och. Werlt o aappavakls is defined
according to claim 3, wherein the |ocations contact
begwers: ahet e stimgnsddc @ouvatinghi ch  vibration is
suppressed.
2. Audio apparatus according to claim 1, wherein the

transducer is adapted be coupled to a rear face of a user's
pinna adjacent to the user's concha.
3. Audio apparatus according to claim 1 or claim 2,

wherein the coupling between the casing and the housing is

minimal to reduce transmission of <vibration from the

transducer to the housing, and wherein the housing is
coupled to the casing at locations on the casing having
reduced vibration.
4. Audio apparatus according to claim 3, wherein the
locations contact regions of the transducer at which
vibration is suppressed.
5. Audio apparatus according to claim 3 or claim 4,

wherein the locations are at opposed ends of the casing.
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5. Audi o apparatus according to claim3 or claim4,
wherein the |locations are at opposed ends of the

w@e a®s02526 N0 2005/ 025267 PCT/ GB2004/ 003863 21 PCT/ABI10/003863
apparatus according to any ppeceding claim wherein

he rty has a ani cal_dJ.npedance cayi I C ;
(?I's I gz%\‘éérll haarPSEEah%alEgﬁ pu C%%ﬁgég%ncggof a{léealtyif%%%%%%rrblalm'
7. Audi o_apparat us .accordin to,ang ﬁﬂec
a

) di i ,
dhohern e R B A Ot Y RSS9 B, which

than the inpedance of the pinna (Zpinna) 8. Audio
B paruetist b of e iR anipe @eeR rief cFie nt‘fra%cgf%%-

the coupling neans provides a contact pressure

Det wekndide gppacatarel Eescphact ¢ senvhaprefieding claim,
apparatus 10 is coupled to the full nechanica

whpedancehef ddieipi nhas a9.mdtithol ddpat apadanceorldiweg than
to any preceding claim wherein the coupling neans is

the t DRpé@EALOT o8 ROKpidRa URNGL)eNd of which curves
over an upper surface of the pinna. 15 10. Audio

R

t he hook c surface of the

i nna,_11., Audi o_apparatus_accordin o _cl ai r
Brirain o endncrlel PR WoteRn Pt ien e P5TEAcEhggressure

so that tHe 20 transducer casi ng contacts a |.aqwer

ParYeer the pimmg oyl ?@%ﬁ?ﬁﬁﬁrgFuﬁe§Pgﬁ§W§'a gabparatus
appar at us conpri sin mechani cal |y coupling a _

bF egoupdeds ite thlhs brmﬁéhanleéir'lgtpﬁﬁﬁﬁﬁearﬂaf the pinna.

driving the transducer so that the transducer excites
9i br ahudnoi reppergpivna aaaalise i tta oany preceding claim,

wherein the coupling means is in the form of a hoock, an
upper end of which curves over an upper surface of the
pinna.

10. Audio apparatus according to claim 9, wherein a lower
end of the hook curves under the lower surface of the
pinna.

11. Audio apparatus according to claim 9 or claim 10,
wherein the housing i1s mounted to the hook so that the
transducer casing contacts a lower part of the pinna.

12. A method of designing audio apparatus comprising
mechanically coupling a piezoelectric transducer to a
user's pinna and driving the transducer so that the
transducer excites vibration in the pinna to cause it to
transmit an acoustic signal from the transducer to a user's

inner ear, characperised by embedding the transducer in a
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25 transmt an acoustic signal fromthe transducer to
a user's inner ear, characterised by enbeddi ng the

wo e@sseizeer in a WO 2005/ 025267 PCT/ GB2004/ 003BGBGB2®2/003863

casing of relatively soft material and by nmounti ng the
casin to protective housing of reI t|v

TAELPTaict CHOhEEREETY HT Y e arined BertieopAsing  the
casing and housin 5 13. A nethod ccord ng

$25 1RGP sFP%t%%’?Jg‘é? HGU=3REarRA oFSLoF L5 PO ot egferial
the cavity, casing and housing to reduce unwanted
padhattloat too pR¥MCYe pPot@efimedf dretwren ¢ tiesdgaging and
and/or to ensure good sensitivity and bandw dth. 14.
Boneihgd according to claim 13, wherein the coupling

10 between the casing and housing and/or the cavity is

sel echechetOotedicondivaNt €d kadiat i10n). ddmpA swidiogdelecting
according to claim13 or claim 14, wherein the

gﬁ%ﬁﬁ@t@@g Lepgdance @brthgrcambt ¥alscel egkedgt anaehousmg
ower than the output i1npedance of the transducer. 15

&g édﬂgghagwgﬁggédfggl%e%%halEblgro$@8ée EOEQ tion for the

an cal ance e‘cavity is se ected to be

ower .than th edance _of th nna t
hE@BF&Pﬁar BA845Eohe BRSCrS: Ao BeER 6 v kg QﬁadWldth
nmeasuring the acoustic performance of the audio
afpar At TSHheA exarusears o gdpist itdg t"ﬁ?lf%t?%% SPuf’lmg
the transducer on the pinna for each individual user .
betwepni ntbe aceasngc pedf oheumisg 18ndAowet Rbg cavity is
according to claim17, wherein the optimal position
Eeleeasdr ed bgddeteunwanhgdt hedaaglienbet ween a

15. A method according to claim 13 or claim 14, wherein
the mechanical impedance of the cavity is selected to be
lower than the output impedance of the transducer.

16. A method according to claim 15, wherein the mechanical
impedance of the cavity is selected to be lower than the
impedance of the pinna.

17. A method according to any one of claims 12 to 16,
comprising measuring the acoustic performance of the audio
apparatus for each user and adjusting the location of the
transducer on the pinna for each individual wuser to
optimise acoustic performance.

18. A method according to claim 17, wherein the optimal
position is measured by determining the angle between a
horizontal axis extending through the entrance to the ear

canal and a radial line which extends through the entrance



25 horizontal axis extending through the entrance to
the ear canal and a radial |ine which extends through

wo b@spe2sance WO 2005/ 025267 PCT/ GB2004/ 003863rPCR8Batvd/003863
whi ch corresponds to the centyal axis of the

t ransducer . .
ang which corresponds to the central axis of the

transducer.



