EARPHONE The present invention relates generally to an earphone, and nore
particularly, to an earphone for use with audi-o reproducti-on devices. ci
Vari ous types of earphones have been used in conjunction wth.audio 4
reproduction apparatus in the past. The earphones'areywptn7ighé human ear
to allow private sound reproduction. Prior_-jo explahﬁkhd i tructure
and operation of 10 the earphones, the structure of the human ear wll be
briefly described with reference to FIGJURES 1(a) and 1(b). FIGURES 1(a)
and 1(b) are front view and section of the | eftside human ear. The
~rightside human ear is not shown, but hBARPHON& ni|ar structure symmetri cal
: to the drawings. As shown in FIGURES 1(a) and 1(b), the human ear incl udes
- 15 the auricle 10, the external ear 12 and the i.nternal ear (not shown).

The auricle 10 i nueugateddret timgent idnardlaltesaicrnergily 1fo can bediphones
of the Iower portion of the auricle 10. The tragus 14 and the antitragus

16 define t Rad pore mMCEGHEEAT1henfOTRB EATPNRRC £AT U5e (i} thiRUdHR
concha cavity 20 t he £ | auditory neatus 22. An 20 outer end of
t he concha ﬁﬁﬁfﬂg}ﬁé§(§§Qﬂ%%§by the tragus 14 and the antjtragus 16 and
is connected to g ifcassavides ASf | @aephendsohaiiee bemchssedhviny 20 i s
connected to the external auditory neatus 22. However, the, external

audi tory negPRJUPBHIOHMH aulifer 8BREANCEAPT ?pﬂ?’i%t"t%e”botst??iB?ls'ES
near the tragus oldponoHis QAL WG n 2l tABY nikanead? 15 dFIdW N 6ade the

eardrum (nof shown). Referring nowto FIGURES 2, 3 and 4, sone typica
-24§§xanples°nhdpMGmrddunmﬁon. ear phones wi |l be descri bed.

Prior to explaining the structure and operation of
10 the earphones, the structure of the human ear will be
briefly described with reference to FIGURES 1(a) and l(b)f
FIGURﬁS 1{a) and 1(b) are front view and section of the’
leftside human eér. The rightside human ear is not shown,
but has the similar structure symmetfical to the drawings.
As shown in FIGURES 1(a) and 1(b), the human ear includes
15 the auricle 10, the external ear 12 ar.’ the internal ear
(not shown). The auricle .10 includes the tragus 14 and the .
antitragus 16 on both sides of the lower portion of the ,
%&' . auricle 10. The tragus 14 and the antitragus 16 define the L
fossa 18 between them. The external ear 12'includes.the
concha cavity 20 and the external auditory meatus 22. An'
| 20 outer end of the concha cavity 20 is defined by the tragus
14 and the antitragus 16 and is connected to the fossa 18.
An inner end of the concha cavity 20 is connected to the
external aud;tory meatus 22. However, the external auditory
meatus 22 isﬁoffset in the concha cavity 20 to the position
25 near the tragus 14. The external auditory meatus 22 is
terminated at the eardrum (not shown) .

Referring now to FIGURES 2, 3 and 4, some typical



FI GURE 2 shows a first exanple of a prlor "known earphone. As shown in
FIGHRE 2(a), the earphone has a housing 30 for ~housing therein an audio
aitsducer (not shown). The housing 30 may be shaped simlarly to a marble.
e mar bl'e- shape housing 30 has a size to be retained in the concha cavity
20 of the human ear, as shown in FlI GURE 2(by2-The housing 30 is conprised
~of- a front housing 32 for radiati ng sounds of the audio transducer and a
rear housing 34. A hollow rod portion 36 is elongated fromthe rear 1 0O

housing 34. A _signal cqrd 38:is connected to he aud| tran ucer th ough
t he hol l-ow roﬁ"BBB?P&n %6pr1?ﬁeiﬁ8ﬂ‘ow r od §FFROSES | '" éd
~portion .36 is posi FIGORE i2n shidves’ @S Farkt kedamae re hr wu&rlknaaﬂ the

antitragus 16, when the earphone is worn in the ear. Then, the front 15
housi ng -32- f ageEPhhBeext ésn shoswndiimo K GURE 2d &)2 dhe leanphoneThas ia st

conventi onal haone  af _Fl GURE 1 h ver has af s IS
difficult to gsggllﬁgn'glantfgr 3:‘#& d‘e}f_‘)‘ | z?% é’c?c\g% léi’dail“:ré act |n(9n tovvard
the external gHeiwh)ry TBet houdding B mays bREehapRd RamaNledlRAltdidaible.
meatus 23 is offset in the concha cavity 20, as described 20 above. :

-Further, "t he h&hsi mgrkdecsbape hoysing 89 ihas e sd@sc e by inetaigedasimg
result, the sound_ | I r.Qdu y e L Qar e a led e ar
t hr ough the'egﬁgrﬁoﬁggudf:?%r13 m% t&? f‘;’% f?pu%%a' or%%t %%%swgu%él Iteaﬁ“'e

easily fluctug{ps. 25 Furt hernore, as the housing 30 does not fit in
the concha cavity 20, a relatively large gap arises between the housing 30
and\/he concha cavFhe bousing 38 iseGompsiged ofza front housing 32 for

radiating sounds of the audio transducer and a rear housing
10 34. A hollow.?od portion 36 is elongated from the rear
housing 34. A signal cord 38 is connected to the audio
transducer through the hollow rod portion 36. The hollow
rod portion, i.e;, the elongated portion 36 is positioned in
. the fossa 18 between the tragus 14 and the antitragus 16,
.when.the earphone is worn in the ear. Then, the front
15 housing 32 faces the external auditory meatus 22 of the ear.
The first conventional earphone of FIGURE 1, however,
has a drawback. That is, it is difficult to stably maintain
-\,/ o the housing 30 in an accurate direction toward the exterpal
_éuditory-heatus 22. This is because the external auditory
.meatus 22 ié offset in the concha cavity 20, as described
20 above. Further, the housing 30 easily fluctuates in the
concha cavity'zo. As a result, the sound level reproduced
by the earphone and applied to the ear through the external
auditory meatus 22 is reduced or.the sound level'gasily
. ;- fluctuates. _ _
25 Furthermore, as the housing 30 does not fit in. the
concha cavity 20, a relatively large gap arises between the

housing 30 and the concha cavity 20. The gap reduces a



mat chi ng of the acoustic inpedances betvieen the earphone and the concha
cavity 20 so that the frequency characteristic of the reproduced’ sound
‘particularly the characteristic in the |ow frequency range, is N
deteriorated. FIGURE 3 shows a second exanple of a prior known 5 earphone N
As shown in FIGURE 3(a), the earphone hazaa housi ng 30 for housing therein.

an audi o transducer (not shown). The housi'ng 30 is shaped for exanple |ike

a thick disc. 'The disc-shape housing 30 has a size a little larger than

the concha cavity 20 of the human ear. _Then, the-housing 30 is worn in the

ear by tmnWEFQﬁﬂjﬁge@fm$¥ﬁ ?ﬁ@“ﬁﬁ#§|HEPBFaPﬁEStP§§U§994tﬁﬁdeﬁﬁéhpﬁ§leédof >

the ant'ttaa¥sgﬁg§‘ 20 SbGHRESthy (FUgulAUy BladlctaqataE 33 OF

a front housin |ng sounds O e au transducer a rear

housi ng 34thé\femwwdu@@dds66nds pantéctitdrilg the ehdractegisddeccinlthe
. through the rear housing 34.. Further, the earphone has a .tubul ar sound
. gui de nemﬂﬂwzﬁfeq?EP?%bﬁ?%QesoﬁﬁddﬁﬁPHé°ﬁ§ﬁE@r 40 protrudes fromthe front

housing 82 at l@feuk@Ns &ionsoh LOEoHAVEkAADT or TG bibul-kndaHNd gui de

menb 40 of the earphone IS pus I nto the external ditory meatus. 22 of
t he ear - scediphionde e&sp@bunnltnsaxpunueﬂ(em t hbeeaarpbBonebhabeang engaged

to the antltragus 16 and the exter audltor neat us 2 In grder to
stably fit ?Wﬁ?%ﬁu?ﬁuﬁk?t?PYﬂe“%aFgeFﬁentﬁBu? lgoﬁﬁﬁnﬁéPﬂgrngﬁﬁer 40 has a

relativel ysAung | ensid. hJﬁ@lﬁ@C@ﬁdzg”QlﬂQped ferReRARe hlikeskrahgdil N FI GURE
25 3 also has a drawback a user feels an unpleasant pressure

sensat i-on di¥sa. pdi‘me dil'$1¢-sslnapbebausen9héOeaaghane1zs aoddtitdet Rarger w tqy

a relatlveuy st r.ong

the concha cavity 20 of the human ear. Then, the

10 housing 30 1s worn.;n-the-ear by be:ng engaged with the
outside of the tragus 14 and the inside of the antitragus
16, as shown in FIGURE 3(b). _
" The housing 30 is comprised of a front housing 32 for
radiating sounds of the audio transducer and a reaf-hoﬁsing
34. A signal cord'38*i8'eonnected-tb the audio“fransdﬁcer
15 through the rear housing 34.- Fufthér;-the”earphoheuhas a
-tubular sound guide-member 40. The tubular sound guide
‘member 40 protrudes from the froht'houSing'32-at-the~right
'axis of the housing 30. The tubular sound guide member 40 \/
‘of the earphone is pushed into the external'auditorv*meatus
22 of the ear so- that the earphone 1s suspended on the ear
20 " by be1ng engaged to the antltragus 16 and the ‘external
‘auditory meatus 22. In order to stably fit the earphone to
‘"the ear, the tubular sound guide member 40 has a relatively
long length. .
The second known ~ earphone illustrated“in FIGURE
25 3 also has a drawback.  That is, a userffeels3anfnnpieasant:
‘pressure. sensation or a paiﬁa;iThis is because the "~

earphone is worn in the ear with a relatively strong



-4- pressure fit. Particularly the holusing 30 is strongly pressed
agaizhstthe tragus 14 and the antitragus 16 for "positioning the tubul ar
ﬁudﬁfguide menber 40 in the external auditory neatus 22 which is offset in
e concha cavity 20. FIGURE 4 shows a third,exanple of a prior known
ear phone. As shown in FIGURE 4(a), the earpﬁone has a housing 30 for
heusi ng therein an audi o transducer (not shown). The housing 30 is shaped
.to, e.g., like a thick disc. The di sc-shape housing 30 has a size to be
retained in the concha Qav1t¥ 20 .of .t he human_ear,, as _shown in Fl GURE 10
4¢b). The thi PUeSRHEEnEit. Paziigndaxly &he,housing,30nds3stranaddi o
transducer (ngfsggew@alﬁgeahedtra t1i8e1B04BkN¢handnt itr@igRls A Fo38
connected to the audi© transducergﬁnthout passi ng througﬁ an
el ongat ed" porm¢%htiqsxsaoﬁhe|ﬁumglaresngnd(ayldﬁheena&m 4§ 3@ itheshaped as

nousi ng 30 nRXiSngs SRaPEryTRAREpRIPE PRERH"IE SREReE BN sH L BMERe | e

housi ng 30 en¢ave£ty pots in the concha cavity 20 of the ear. Further, the
earphoneshas a smal | tubular sound gui de nenber 40. The small tubular sound
gui de meftber 40 i sSFPGUREpfAnshawsoat khirdopxanpdsi A§ 30PxEECE kBSWR on of f set

fromthe axis QL%%S hou§%ﬂ ﬁ n Eﬂr%ggbggggéﬁgﬁtkg uggl 50%%u gﬁgglde

menber 40 prd? From ousing |rect on to the axis of
the housi ng Ibudiwghsosfog BOubihg therbencanchadiavitrandduelert Haokar 25
so that the small tubular sound guide nmenber 40 is Iooselﬁwfitted into the
exter nal audlﬁﬁﬁvnheatEgezﬁouﬁénghéﬂn1FnSFPBEQEtQ(b? gon tH&eoehéRrigknd,

the signal coffisd]l i$ne disc~shape housing 30 has a size to be retained
in the concha cavity 20 of the human ear, as shown in FIGURE
4(b).

" The third known " earphone also has a housing 30,

10

- an audio transducer (not shown) mounted in the housing and a
signal cord 38 connected to the audio transducer without
.passing through an elongated portion, as shown in

15 FIGURE 4(a). The housing 30 is shaped as a thick disc,
similar to the second earphone described above. However, the
housing 30 has_a size smaller than that of the sécondeﬁrgxme

\_ - sothat thehousing 30 entirely fits in the concha cavity 20 of

' t-fxe ear. Further, the earphone has a small tubular sound

guide member 40. The small tubular sound guide member 40 is
20 mounted' to the front housing 30 at a position offset from

'the axis of the hous:mg 30. 'Further the small tubular sound
guide member 40 protrudes from the housing 30 ata slant
direction to the axis of the housing 30.

The housing 30 fits in the'concha éavity 20 of the ear

" 25... so ‘that the small tubular sound guide member 40 is loosely
‘fitted into the external auditory meatus 22, as shown in

- 'FIGURE -4{b). ©On the other hand, the signal cord 11 is -



-5- positioned above the tragus 14, ‘as $hown in FIGURE 4(c). The third
known ear phone of FI GURE 4, - however, has a drawback. That is, it is
difficult stably to wear the earphone in the ear. Wen an.external fordhfgmﬂ
is applied to the earphone, the earphone_can no |longer be retained at a
suitable position in the ear. Ot her wi s82~t he ear phone falls fromthe ear. -
Wien the earphone is designed so as to fit stably in the ear, the housing -
30 and the tubular sound gui de nmenber 40 nust.have a relatively large size.
This, howgysitibagdeabde U tH=aacie Asad ehaai Pheer @OrRE R EF. 2. Thus,
a user feels an unpleasan ressure sensation or a 10 pain. In addition,

all the conventhgn&hixg p areluneﬁﬁnﬂﬁﬂe|¢f Fot, ub?ﬂgvﬁn.a
stereo e useyr fJ ul.t sel t he
differ engfe’gg ?wggﬁg'ﬁ?é’ T gh haatngiﬁ oftt ¢ oénéel&kgé st blv % gﬁ?

i nvent i oneadPphoher 4nsadies dar .t 0 WHew idie ma&wbomrwl £8 aﬁpIEédl 8ed
stably in the concha cavity of the human ear. The present invention al$so
seeks to phevEaEPReNEy pihsh@annhang)iGan ne girroentlei retainedoattfc

i npe8lance n e gg |t f

The pre%e%?gﬂﬁée %%%h sggggé (%%¥}NOVI éﬁﬁ%arp %H%égg? SU|?a§?e fo

use With from thkeeaa repnwiuaihe)rea&qmmrﬁs des Baried 08¢ ascosdfng to one
aspect of the present invention i ncl udes a housing, shaped to be retained

in the 255taBdichR CRA ©RTf thee hanfin®eall andi HRe aF ke bAgas@9Por ti on
shaped tg ?Li&ebﬁE%% I?ﬁnﬁ{satg W E&‘Eiétrﬁgé‘ﬁéoiarégesiz?@[? PR @udi o
e devitce

t ransduc cont al ne 0u3|ng
however, causes the same d:awback.as-the,earphone of FIGURE

WE

10 .2. Thus, a user feels an unpleasanf,pressure.sensation or a
' pain. ’ ’
_ In addition, all the gonventidna1~earphones are not

.prpperﬁinfshape for using in a steréo.eafphone set. That

is, a user finds it difficult in selecting the difference

between the right and left;earphones.

15 The.present invention therefofe seeks to to provide an
earphone which is retained stably in the concha cavity.of
the hgmaniear._ _

The preseht invention also seeks to. provide an earphone x;)
_ﬁhich_gives a .good matching of acoustic impedances between
.the earphone and the concha cavity of the human.ear.

200 The present invention also seeks to provide an

. earphone set suitable for use with _étereo reprqduction
equipment. ' _ _

An earphone accordlng to one aspect of the present

invention includes a housing, shaped to be retained in the

25 concha cavity of the human ear, having an- elongated portion
shaped to fit-between;the tragus and antitragus of the ear,

an audib.transducer.contained within the housing, a device



-%6- for providing an electric signal to the audio transducer and a hol | ow

t ubwl ar gui de’ menber attached to the housing such that when the el ongated
rtvon of the housing is inserted between the tragus and the antitragus of

the human ear, the hollow tubul ar guide nenber extends into the external 5

auditory meatus of the ear. Additional objet®3 and advantages of the

present invention will be apparent to persons skilled in the art froma

study of the follow ng description and the acconpanyi ng draw ngs, which are

hereby 1m0 0PSRSHl Rl 48"BBLILEep3hbi Nl o5 SHATHLLEAHeDcet"cha

mére conpl ete appreci a I nv n- and many

advant ages t herieeilo#! tubglasagulideohbnbagedadtatheds &a6e thechonsihgt sach
understood by reference to the follow ng detail ed description when

consi der ed i ntR¥%riehenokhqi ehongatadcpapiagnngfdthei hgysingeis Ansevted

FI GURES 1(a) gofedéR) e | d ' f _theshu ar, Fl ¢ S
2(a) and 2(b) are&égpfgéagﬁégﬂéréﬁ?ﬁ%ggsﬁgﬁﬁﬁgggugiPgt%hgngaﬁaﬁ bar’ QHBE
ear phone; Fl GikEfow( ebabdr3gtiidar sembprasstengsdintonghesbavergad second
known ear phone; 20 FI GURES 41a), . 4(b) and 4(c) are

expl anat 8ry oR¥Q4 FOEYSREAtHE aft thedeRRown ear phone; FI GURES5( a)

respeotively of onhIaiELanal Bhist el afablCektalestot ehp BraREnt 0P Vi EW
FI GURES6(a) adwmivéfbjonreilll abengspahentngoeperpbas skildedofint hecarphone
of Pl gures 5(g) 0,58 FLETEL e 31804552 GLEL23h M KakP Tl Tout
N
accompanying drawings, which are hereby incorporated in and
- constitute a part of this specification. o
}0 A ﬁore complete'appreciatioh of the invention and many
of the attendaqf advantages thereof will be readily obtained
. 'as -the same becomes better undérstood by reference to the
- following detailed description when considered in connection
with the accompanying drawings, wherein: - ' '
15 FIGURES 1(a) and 1(b) are front view and section of the
" human ear;
FIGURES 2(a) and 2(b) are explanatory drawings showing
. &_J. ~ a’‘first known = = ‘earphone; o '
FIGURES 3(a) and 3(b) are explanatory drawings showing
a second known . earphone; B | |
20 - FIGURES 4f{a), 4(b) and 4(c) are explanatory dréwings
. showing a third known o earphone; ' '
FIGURES5(a) through FIGURE 5(d) are a front view, a
side view, a section and a top view respectively of one
emboaimeht of the present invention;
25 ~ . FIGURES6(a) and 6(b) are drawings showing ekamples of
use of the earphone of Fiqures 5(a) to 5(d); |

FIGURE 7 is an electrical equivalent circuit =



-7- representing the acoustic system i n¢l udi ng the earphone and the ear:

- FIGURE 8 is a graph showi ng the frequency characteristics of t he acpustlc
system and FIGURE 9 is a front view showing an enbodi ment.of the 5 'J ,wﬁk
ear phone according to the present inventjon for use in the right ear. The N
present invention will be described in detail with reference to the FlI GURES

5 through 9. Throughout the draw ngs, reference nunerals or letters used -«
in FIGURES 1, 2,-'3 and 4 will be used to designate |ike or equival ent

el enent s xfégjre%éﬁ%mg t¥héf addns @t 598ten0iRE18A5HHItAE Ve hEphbiREna 2 .
first enbodinent of the earphone according to the present invention will be

- descri bydwe iganet ai l .- FIGURE 5(a) shows a front vi ew of the ear;phone for
the left ear. ﬁw %( % | de. vi e)é\% t he earphone. FI GURE 5(c)
shows a secti he & r%H%ﬂ%p 1% PR fdfrgﬂgﬁg top view of the

- ear phone crirad el s i ¢ GIREEhS (adobHt 050BySten; &he enbodi nent of the -

ear phone has a housing 30 for housing therein an audi o.transducer 42. The
housi ng 30 i s FRGHRE 9 eclig.a frortaviewt showinghanpembodinenpeafhbhei ng 30

has @ Si z8afphdife I £68bA&ING "td RBe GRESER: GAYértYor Fcf udd@neHEBRI G eadlS
shoﬁ? 20 |%hFIGURES 6(a?gand 6(b), which show the earphone |ﬁgﬁge The

housi ng 30 i s MY r&EAsh ©f igvéd0fén hWiE] NBe 3desbfiPedcdh HEUEENJwE4n A
hol |l ow rod portion 36 is eIon?ated fromthe rear housing 34. The hol | ow

rod portir@fenence tqcthe RES por theaugl 9s cBhreeghaut othfe rear
ot I BTER  raR e B €
3 and 4 will be used to designate like or equivalent- '
elements for simplicity of explanation.

Referring now to FIGURE 5, a first embodiment of the
earphone according to the present invention will be -
~described. in detail. FIGURE 5(a) shows a'frcnt view of the
earphone for.the:left ear. FIGURE S5(b) shows a side view of
the earphone. FIGURE 5(c) shows a seétion of the earphone.

15 FIGURE,S(d) shows a top view of the earphone. _
As shown in FIGURES 5(a) through 5(d), the embodiment
~of the earphone has a housing 30 for housing therein an
audio transducer 42. The housing 30 is shaped, e.g,, like'a Q‘;
button. The button-shaped housing 30 has a size to be: |
retained in the concha cavity_zo of the human ear, as shown
20 in FIGURES 6(a) and 6(b), which show the earphone in use.
The housing 30 is comprised of a front housing 32 and a
rear housing 34. . A hollow fdd portion 36 is elongated from
the rear housing 34. The hollow rod portion, i.e., the
elongated portion 36 is-connectéd to'the rear housing 34
25 throughla crank section 44. Therefore, the axis.of?the
elongated portion 36 is.offset.from-thezhousing'3d by a -
predetermined distance X, as shown in FIGURE-5(b);“.The



predet er mi ned di stance X, as shown i n"FI GURE 5(b). The el ongat ed
porti-on 36 is positioned in the fossa 18 between the tragus 14 and the

ant N¢r agu$ 16, when the -housing 30 .is retained in concha cavity 20. A
Eignal cord 38 is connected to the -audio transducer 42 through the

el ongated portion 36. 5 Further, theBearphone has a snall tubul ar
sound gui de nenber 40. The tubul ar sound gui de nenber 40 protrudes from
the front housing 32, at a position offset to the right fromthe verti cal
center |i Dee\io%ggéw SEOLER s@eiglﬁgwﬂféhéwriﬁ%a&@és&hm hee/eiaen 30,

as shown in Fl 5(a). The 10 rightward offset position is such that the
t ubul ar sourtheytimrguebkrand thetanppreagus htb exthenatheewsing nd@t i€ 22

of the left ear.. This is because . th digory . of
the |eft -ea-rr.ﬁt?’dﬁ‘ge%n (GPRERE | SFYIY 2% b Teﬁ‘?%ga%%ﬁ‘ghgéc%.%&%&g&
Thus, the tulyle AL tr&lesdRESL 44 Sthidughytive elongditydi psetien 86t0 -
the external auditory nmeatus.22 of the left ear, when the housing 30.is

retained in the Gurtherathy earphomp s (@)snablstabeiasssqure; ghifeyi ew

of the earphone. . sh i he_ dr awing, ' r aRS >
i s directed “l%&ﬁf'e?%buwe sg‘ﬁt% ag%i d%\ﬁ :?r‘gn%%%]&%g’w’h%% sa‘goﬁg(tg?ﬁ%?lg%nfrgﬂ
provi des a Gad #FcHeh&es Dilg 032 | het saupss 1 epsndotesebytoheheheighitli from

transducer 42 to the external auditory neatus 22 of the ear. According to
the enbodi nehe gfex hicahrepRtRr atiee df nfR98ing othRRugR othA: 1RBEATPSn. the
position of the £ NEe i tabi Lized ' t £ 808Rt 6daportvpa 36
I n %e fossf%?tlb%{ \R%(Sa)ng hghérggﬁésiﬁg %ﬁé ?%ugg%ﬁ??g?ggus§?6 anﬁpt he

ear On‘igi S ditetward i of fsébepesttias shosmchntFa GUREe6tbpulaneaounde

housi ng~30 and the tubul ar sound guide menper 40 are confortablx sgateg in
t he Concha(ggAQg,qngEE_@geJust pposes the external auditory mea us: 2

of the left ear. This is because the. external auditory

.

.~ meatus 22 of the left ear is offset to the left of center .in
:thé concha cavity. 20. Thus, the tubular sound guide member
15..4O_ﬁay be smoothly inserted igto the external auditory
meatus 22 of the left ear, when the housing 30 is retained in
the concha cavity 20.
FIGURE 5(c) shows a cross-sectional view of the
‘earphone.. As shown in. the drawing, the audio transducer 42
20 is.directed_to the tubular sound guide member 40. This
' cdnstructiop provides a good transmission of the sound
rebroduced;by the.the audio tranéducer_42 to the external
auditory meatus 22 of the ear.
_According to the embodiment of the earphone according
-25 'to the present invention, the position of the earphone is
stabilized by placing-the éiongated portion 36 in the fossa
18 between the tragus 14 and the antigragus 16 when the
earphone_is_inéerted.into the ear, as shown in FIGURE 6(b).
Then,'the housing 30 and the tubular sound guide member 40

are comfortably seated in the concha cavity 20 and the



-9- external auditory meatus 22, respectfively, as shown in FIGURE 6(b).
Since the housing 30 and the tubul ar sound gui de nenber: 40 are wel | ,seated-
in their places, their sizes are set to 5 the sizes of the concha cai'/‘i.l';-?f;_.._._‘zﬁ_.!‘-\w
20 and the external auditory neatus 22, respectively, for less disconfort
to the wearer. FIGURE 7 shows an el ect%al equivalent circuit presenting

the acoustic systemincluding the earphone and the ear, as shown in FIGURE -
6(c). 10 In the equivalent circuit of FIGURE 7, an inductance M, a '

capacit e n < i stapnce Rd,corL Q.the_ ...lhe conpliance -
and theaegg%%%?ga (?leé;‘aé é’hgggg Rgzdi%%}%ﬁgg?ngz’%g?'s%gﬁ %B'fn [1 E‘e audi o *
transdureURE 6Xblpltage source Vs-corresponds to the signal voltage
supplied to the 15 audio transducer 42. A block Zear is the acoustic

i mpedance of $HRC@atheiBoRAirg APt ARAatAPotUPHASTUSOMND guitie: mashesn | ¢

| medancg, 2630 GOIPTLSEANhnPlSt ANGTalER! 2RM:3 LISld! aNGe IRAT, |
correspondi ng respectively to the 1 nerfancé an he acoustic resistance of
t he sspacghée e$izéet g ethé heoRbhacoaphepe2andniheheaextermalh@udirory -
capaci-tance Cear .is the acoustic capacitance in-the ear viewed fromthe
audi o t MAREHR A2 arespRStivaikesiR LRESRA1igFERfREtaEou e WeE®t-ances of
t he housi ng ok tPes I ~GHLge eh ~4Q. ~sACgRacitanceCl is

t he acoustic%%%pa0|tgn%%3§¥ %é é?ﬁggﬁggég ?ﬁﬁgﬁgﬁﬁégsfﬁgcggeéAccording to

t he di'sgmsssheihpdihenacotbtiacsysten inpidding ghet earphioaenandaudi tory
nmeatus 22 viewed fromithe audio tranazgger_42 I ncreases when.conpared with

known the &afpiRfHeshowni RLRURE, oltage E across the the resistancg/
R2 iy the equiyaigdtefhieaibnel cHEERE 45 FIGURE 7, an inductance -]
- Md, a capacitance cd and a resistance Rd cofréspénd to the o i
mass, the compliance and the mechanical resistance of a = |
‘diaphragm (not shown) of the audio transducér 42.”“A'volfége
source Vs corresponds to the signal VOItage'sﬁppiied to the
15 audio transducer"42.' A block Zear is"the'édoustic"impedaﬁce*
of the ear viewed from the audio transducer 42. The
- acoustic impedance Zear comprises an induCtaﬁce‘Mear'and:é
resistance Rear corresponding respectivély'to"thé”inértance
and the acoustic resistance dff{be'spéce?léft between the
20 earphone and the ear. Further, a capacitance Cear is the ,::-'\)
aébustic capacitance in the ear viewed from the audio
transducer 42. ' Resistantes R1 and R2 are the acoustic
resistances of the housing 30 and the tubular sdﬁnd ghidé'
member 40. . AicapaCitanCeCI is the acoustic cépébiténde of
25 the space in the housing 30. o
According to the disclosed embodiment, the acoustic
impedance'of-the-extefnai-audifory'meagus 22 viewed from the
audio transducer 42 increases when compared with
known =@ earphones. This makes the voltage E across the

the resistance R2 in the equivalent circuit of FIGURE 7



*10- becone high. This is because thé space between the housing 30 and the
concha cavity 20 is reduced so that | eakage of- the sound outside the ear is
Ledﬁeed FI GURE 8 shows a graph of frequency characteristics of the
acoustic system In the graph, each graph_ higne shows a 5 sound | evel
responsive to the frequency of the sound radiated fromthe earphone, in
tests carried out for test sanples of earphones according to the present

i nvention and the conventi onal earphones The graph line rises as the space
lef t betweenpbBgngahaane #ndst ig & BRAERAS Ml Lrlae' o tuieiil itk nom
sanpl es of the present invention produ the upper three ??
lines, whil e30han§anpbesoubhaheam¢wn 20 is reghacetbrses qhmdu@akadte dfovver

t hree S., As.sh 3y the test, an earphone according to

the 15 presERP gﬁVEHtPBﬁSH5§ the eaﬁb & T6GMFe%vel characteristics in
conparison with KPOGORE 8 shows aC@rBPRNSE fridRfudncy HHabadtar ilscRY &F

ear phone 'i's superior to the prior art earphones in the |ow frequency range.
The above exphanacpuﬁtng sysgemor alinea:hphmpdheme@wxj gi@aph fldmeushaws tehe

| ef t Ho t t b d.to th h
for useSio t RECPRGREVEL, “PRORPSANPI P nar SHerEhbaT (SHorEURE o | Fl CLRE

9 shows the faanht¥iewreh the ea&ahea% f% &S tsl Palrridle olfte dothUledly Sound
gui de nmenber 40 of the earphone for the left ear is 25 provided at a

p03|t|on off§émP#F§h9ﬁaeérphODhé grgarddnor ao the vaesend! iowenddoni m@dv

passing thro ] d l.an 36 t he h see F
5(g)). On thgg%t%ggv n? gg%geegﬁﬁhPQFséou g&ﬁ5§%£;ﬁ§%'p&§%§faﬁhé &ar phone
for the rlghépaﬁé léfﬂrbékdadnathé pagphbd@ and the concha cavity is

10 reduced. The samples of the present invention produced thé

upper three graph lines, while the samples of the
known - earphones produced the lower three graph
lines._

As shown by the test, an earphone according to the
15 present invention has - good sound level characteristics
in comparison with known earphones. Particularly,
‘the improved earphone is superior to the prior art earphones
'_in the low frequency range.
The above explanation is ;éde for an earphone designed
20 for use in the left ear. However, the present invention can
be applied to.thé earphone for use to the right ear in a
similar manner, as shown in FIGURE 9. FIGURE 9 shows the
front view of the earphone for the right ear. The tubular
sound guide member 40 of ;he earphone for the left ear'is
25 provided at a  position 6ffset rightward in the drawing )
. from the vertical center line Y passing through thé
elongated portion 36 of the housing 30 (see FIGURE 5(a)).
On _tl'xe__.othe_r.hand_-.r the tubular.sound guide member 40 of the

earphone for the right ear is provided at a position



k74

of fset leftwardsin the drawing fromthe vertical center line Y passing

t hrough the el ongated portion 36 of the housing 30 (see  FIGURE 9). Thus, & %
the leftward offset position just opposes the external auditory neatuéﬁaﬁﬂ
22 of the right ear. 5 In other wordsy,the tubular sound guide menbers ™
40 are symmetrically provided by offsetting rightward and | eftward from the
vertical center line Y passing through the el ongated portion 36 of the -
housing 30 for the leftside.and the rightside ears. 10 The present

i nvention jg § J4sef.ul Can St s ear. e+i8! varkdhagXample,: hf; the
user puts TS AgRad 8 Pnd BEERIRR PORCRE) vortlbal BERLEy Uind'® .
ear phone dbgeassingotlirotgh! vhanéltbngatédeportionTBér offothe hoasingr 30an
easily find that the wong earphone has been inserted 15 into the ear.

Whi | e t her SImETHIER 91+ usThur edtBadlatlurrdeatfnat preisdopy dvah
consl dereg;;#;o Opre“%ﬁ%f%@?ﬁ&%%@E&%t?ﬁg{ﬂ&a%@sﬁat-' Nt RRL rgnt batt! | be

under st oo se ski e art vari ous changes a

nmodi foi cat iTmsotiver ondsle, tRE tubwllapgsouadegtisdeamehbersbdi aaeed f or

el enents thereof without departing fromthe true scope of the present.

i nventi on. SYMEERATE1 b PRRVAMDPYi ehtsBRsIndyTaeR Eédtﬁngdéﬁffgard_

part i cul are:sbi Uld Ofe Pt s S8 Cibitet 011 He ¥oPASLIACkNLRER! €heNt f nvention

- Wi thout departing fromthe central 25  scope thereof. “Therefore, it is

i nt ended tehkingdmeedrpsenion n¥@no f obhaohobeihgnBOedoro thiee lpdtsiidel and
enbodi ment_ di sc] gsed, as the best node contenplated for carrying.out the
pr esent iﬁvﬂﬁtqiébtﬁﬁé%t?ﬁﬁsthe present invention includes all enbodi ment{y

falling W thin 4@ SFO8ene! 14VEn8PHRNEEIaEL8! IBeful for a stereo
. earphone set. . For example, if the user puts the earphone
for use in the left ear into the right ear, the earphone
does not comfortably match to the ear. Therefore, thé-user
can easily find that the ﬁrong earphone has been inSerted
15 into the ear. Cieme e |
While there have been illustrated éha-deséribed ﬁhat
- are at present conSidered'to_be preférréd embodiments.of the
present invention, it will be understood by those skilled in
the art that various changes and modifications may be made,
20 - and equivalents may be substituted for elements thereof - W
-..without departing from the true scope of the pfeséht :
iﬁvention. In addition, many modifications may be made to
adapt a particular situation or material to the teaching of
the present invention without departing from the central.
25 scope -thereof. Therefore, it is intended that thé present
invention not be limifed'to the particulaf.embodiment
disclosed as the best mode contemplated fbr-carrying out the.
present invention, but that the present invention includes
all embodiments falling within the scope of the“appendéd'

claims.



CLAI MS 1. An ear phone for use wth audio reproduction devices conprising
ja bousi ng shaped to be retained in the concha cavity of the human ear and
Jhavi ng an 5 el gngated portion shaped to fit between the tragus and
anfTTragus of the ear, an audi o transducer cghtained within the housing,
means for providing an electric signal to the audio transducer and a hol | ow
tubul ar gui de ne Iﬁgtached to the housing, the hollow 10 t ubul ar '
gui de menber bei ted on the housing such that the holl ow tubul ar

gui de nmenber extends iTi o tAre esaphong foxiuse Wwithtandio repraductidem the
el ongated portio ggﬂsg AeS A A5l g=ToTVE) e
antitragus of t h‘(raaégairééh& Mﬂ%.d r}&%&% gﬁ)ne ac%:&o??jél ng to ¢ aifn%{]l,

wherei n the audi Fhe SRR CIE b9t i UpRsae and davingy avbul ar
gui de nenbers 3. eldNyadd isuieL et WHHPEA o Cf Bt Hdtwder?, td e ddud Nend

-hol | ow t ubul ar gui de ,menber | ffset from20,. . the vertical center.line
(Y) passing thro@dﬂ:lttr@%‘}%rﬁ)ét 1371 AP Audip m‘ﬁb‘?eﬁ.°°ntﬁr#ré%ﬂ phone
set for use wthwitthin rtdpe diouding, deadarcse oo mrowiding iarste bewksirond

ear phones accordi cl al ifﬂf : {%é lgp@gss bei ng
shaped to fit Ief%‘-{r\% ?’ll'ryh ea%dﬁ%%@ﬁ%&%f 2 AR e]éorvf)ﬁg%e or use

wi th audio reprocﬂl}titd%ﬁﬂei&ﬁ%@twm stngthe s ing s e dhablare r et ai ned
in the conclp cawhipuXdr tdieideEnEeyr BthdaMdddtéd Y the HSIEIBAL Wk t i on

Shaped 10 11T DeMeRn ShE AR St ALl L pl Sl et S A B
U external auditory meatus of the ear when the elongated
portion of the housing is inserted between the tragus
and the antitragus of the ear.

15 2. An earphone according to claim 1, wherein thé
audio transducer is positioned opposite the hollow
tubular guide member. _ _

3. An earphone according to claim 1 or 2,.
wherein the hollow tubular guide member is offset from:

20 the vertical center line (Y) passing through the
elongated portion of the housing.

4. An earphone set for use with audio
reproduction devices comprising first and second
- earphones according to any one of claims 1 to 3 the

—/ - 25 earphones being shaped to fit left and right ears
' ‘respectively. _ _

5. An earphone for use with audio reproduction
devices comprising a housing shaped to be retained in
the concha cavity of the human ear and having an

30 elongated portion shaped to fit between the tragus and

o antitragus of the ear, an audio transducer contained
within the housing, means for providing an electric
signal to the audio transducer and a hollow tubular

: guide member attached to the housing, the hollow

35 tubular guide member beihg located on the housing in a

position offset from the vertical center line (Y)

-

L



to the housing, the hollow 35 - tubul ar gui de nenber being |ocated on theu:

-
e

signal to the audi o transducer and a hol I'ow tubul ar gui de nenmber attached 1
!
-2

housing in a position offset fromthe vertical center line (Y) 13
passi ng through the el ongated portion of the I®ousing. 6. An ear phone
according to claim5, wherein the audio transducer S positioned opposite’
t he hol | ow t ubul ar | de nhey.. . e on for use
W th audi o repr oBNEELBR GEEPREE’ EBRpeRoragtrR sptigR B Rheckopmines
according to claim5 6: 6, Anheaeahphenescbeaéggsh@pedaum Si,t whefreiandhea ght
S ] homeet L ve) dpafo erARsAEabons pURstIBhEY LRSS FADELGLLO

and/ o

%

described with reference I gur es t he ~accompanyi ng
dr awi ngs. - tubular guide member.
5 . 7. .. An earphone set for'use'with-audio'

reproduction devices comprisihg’first'and'Second
earphones according to claim 5 or 6, the earphones
being shaped: to fit left and right ears respectively.
8. An earphone substantially as hereinbefore
10 described with reference to Figures 5 to 8- and/or 9 of
. the accompanying draw1ngs.-

B



