; WKe3eTQ x6NT7; 14 July 2004 1 MULTI - FUNCTI ONAL VI BRATI ON ACTUATOR CAPABLE
OF SUPPRESSI NG AN UNSTABLE OPERATI ON AROUND A RESONANCE FREQUENCY
Background of the Invention This invention relates to a vibration actuator
of a multi-functional type nounted in a nobile communicati on4ppALEd4!S,
such as a nobile tel ephone, to generate a ringing tone, a speech sound, and
a vibration. A vibration actuator of the type conprises a nagnetic circuit
conponent having a gap on one side in a predeterm ned direction, a coi
arranged in the gap of the magnetic citcuit conmponent, a supporting unit
supporting the magnetic circuit conponént and the coil so that the nagnetic
circuit conponent and the coil are separately novable in the predeterm ned

direction, j ' A i f ' eri al
such as. T ulBOF BREN TORL NABERTIN AR O A G ARRRLE QPSP RS R
conmponent Cconpi 4% n % Wt EERRe RNy The
supporting ug}%{N comﬁ@ggqﬁﬁgg\g@grgﬁgm?%g ﬁgl tpﬁe rggneti C circuit
conponent is supported on the vibration transmtting portion, and a

vi brati on nenber through which the coil is supported on the vibration

transmtting portion. Wien the coil is supplied with a driving current, the
magnetic circuit conponent or the coil perforns a reciprocal novenent in

t he predeter m ne@agkg@tindost.th¥Weveritioger: dri vi ng current has a | ow frequency,

the vibration transmtting portion serves as a fixed portion. On the other
hand, when the difhid ingeoion exlatesde aavibrajiont aciyaton©f 2 MHB-inptianaldype

transmtting portion serves as an el astic body which vibrates as a part of
the Vi br at PEIHTRERHER MaHIECOM A0S ARPArARISA BLIER SH@oRG [S/eeBaRe Pode,

t he magnetic circuit conponent 14 July, 2004 and_the vibration nmenber are
oper at ed uﬁﬁﬂ?r%@dﬁ?g‘ﬁ‘ﬁ%’??’@rw %Olf'%/dar?éwi@vﬁ’r@i)%d or a vibration to

th tside. He . Si i i FCU At i d
Simply by the LoariioRidat® g EREBRH b4 £ rERERIE Sy TomRRI S
resonance f,6 %gﬁ? ohbrie §P’8§%§pr’e@e{%rﬁﬁﬁ&ﬂ alrkStbrefa @il arasgdRmeR ¢

distortion co Stt mmar v the Tnvention it is therefore an object of

this inveWsap dfehdheaghiedie circuitoaigaiercd dapeortingiusit suppoBireptiabl e of
suppressing an unstabl e opcraticn around a resonance frequency to reduce a

har moni ¢ dinsdgreticaircad mponemtent endttbe @il tsodbat {neovageelic asefilcomppeentt i ve.
The present invention provides a vi oration actuator conprising; a maretic
circuit coapdrbatohave sgparajely mavahie inthrepiateieminad dieRiioRARN & ecti on;

maznet | ¢ cHEad ARPOIONG PRMPrSARecas AT a5\ HiatSH SRt A8 LR AR ¢
t d said coil.. . t el - | e i ' : 1 ned
i oot 1 on, TEaEARG PSPPI Tl uares MASESE) cLb sorETed BOEPREE AL T ng
recti on, 18 . G &%) !
Cirou t corpihangR AdoRSr TR R AR HACEE TSI AR [nlTE8RES, o

rel ease boh%éﬁfﬁﬁﬂ%gt Q\r%% F{h'it@f thel rﬂﬁgﬁéﬂ% gireLifBehpbhéntCk 'stigpbrie@lomrtper , ~ nt

i n said prede -ectien, “said space delrning nenber havir>; a
cover facedigratidhgaptmetingipdeio, a5 & viveation ensharabidughonpicheht doil isai d

predetermed dircctioa, said sound relcasc hole being formed in said cover,
wher ei n sakdppoted ongheadtgration transmitting portion.
When the coil is supplied with a driving current, the magnetic circuit
component or the coil performs a reciprocal movement in the predetermined
direction. When the driving current has a low frequency, the vibration
transmitting portion serves as a fixed portion.  On the other hand, when the
driving current has a high frequency, the vibration transmitting portion serves as

an elastic body which vibrates as a part of the vibration member.  Thus, in

each of a vibration mode and a sound mode, the magnetic circuit component




2~ hol e has an area cercspondirtg to abo ut 1.3 to 3.5%of alt area of said
cover. Accordintr to one rotated enbodi nent of the invention, there is
provi ded a vibration actuator conprising a magnetic cir cult conponent
having a oap on one side in a predetermned dircctien) a coih jaiysemed in
the gap, a supporting unit supporting the mad olio cir~,tit conponent and
the coil so that the ma~etic circuit conponent and the 30 coil are

separately novable in the prdet~- ,r-niacd 14 July 2004 3 direction, and
a spaca defning nenber de fining an accompdat i on space accommodating L' ne
magnetic circuit conponent and the coil, the space defining nenGer having a
sound rel ease hole faced to the ether S|de of the rnagnetc circuit
conmponent irt the edeterm ned direction, the nagnetic circuit co nent
cooper at i ng 3 (I YREeD HEE Pqe PR HRPS§ e W%“Q&é“ftf%%reﬁc‘dtz?ﬁﬁ@rmétp:a&%n or a

arranged betfzoem thiie. smgaetic drcuit conponent and t3-:e cover and
conrnuricatng wits the scurd rel ease, hole. Accerdi a~ Lo another rel ated
embodi nent of Lhéiomvamsma the magneiic girgulosareraneal i %@apn% siEy Ryothe leaf
conpri sing t a Sl o
predet erm né%’r’%gr ect p%éaﬁl Ogy%ﬁeﬁ&g?rgg%ﬁé}gqﬁdnt'a%'eﬁagﬁgcg@-s’“ ppolr"t .72’8 *ugﬁ‘& in
sSuppoi i i5ng gknergiomagnetee hatronid distotgiymonentonand the coil so that the
magnetic circuit conmponent arid the toll are separately novable in the
pradeterrtined d;rection, and a space dining nmenber darning art
acconmodat i nmspacerze aspmdal i ng tire nk2gne5c circuit conponent and h2
coil, the space deTining nenber having a sound rel ease Pole |aced to the
other side of t~~te magne5c circuit conponent in the predetefmn ned
direction, the raagplexG.Chrayld SQIRIREAKLAIORRIAL Nawhid, bs.spasesn is
d25rting rrenber to define mYer space arranged be”r~een the magnetic
circuit Iﬂonp@nélmofaﬂudpnckﬁeng:m@nstabid QETATIGN | AceMTIdNg TasehaTce fﬁ@’-lsmyhtp reftiss @
hale, t. ound. r g e hol e havi n 1) to about 1.3 to
3.~.0 of an Area er- lﬁgﬁgov Onen? - mqf‘tal FD%QG% L[S%E“@g{t‘é%m ~~.' Fic. 7A
is a vertical seﬁ‘td;ﬁa@htmeﬁmmﬁroﬁdmmammnaauh‘uat@nprasn@r ding to a nrst
enbodi ment of this_invention: FiG' iS a pariiai {%%/-c away botdt om Vi gN
o; the vi6ra.ien S84 EFHE Cﬂgmi?a?rédhﬁvﬁ% g S PLAT ° '8 RISFGUTRIR®
VieVY Cf 3 Gkectihh: fiSBd In tilt Vibr3t7Cn aCttiatCr illustrated in Fgs. ~A
and ~ 6; 14 Jul’'y 2004 4 Fig, 3 is a graph showing the rel ationship

bet ween!d sound ieélsstreed @veld &Ad™ frequency characteristic of the

vi bration act uatof:, kg, Aidsss ngé&én %ﬁ@g& LR cotSW e uft s\ék&)Eéﬁ k@at
act uat or accordi ng Fo a“secon odi nent” of this invention; Fig. is a
vertical sewid onagreus evirwft gowpbrati ond astdiatwt aie cerrdiagyt oyt lei ris'd said
enbodi nment pOrLdetthl S i n@ﬁgntépon

srmined
said vibration actuator further comprising a space defining member defining an
20 accommedation space accormnmodating sald magnetic circuit component and said coil, said
space defining member having 2 sound releass hole faced to the other side of said magnctic
ciretit component in said predstermined direction, said space defining member haviug a
cover faced to the other side of said magnetic circwit compeonent 1n said predeterminad
dircetion, said sound release hole being formed in szid cover, wherein said sound release
25  hole has an area corresponding to zbout 1.3 to 3.5% of an area of said cover.
According to one related embodiment of the invention, there is provided a vibration
actuator comprising a magnetc circult componsnt having a gap on one side in a
predetermined direction, a coil arrangad in the gap, a supporting unit supporting the
magunetic circuit component and the coil so that the magnetic circuit componetit and the

3G coil are separately movable in the pradetermined



Fig. 6Ais a vertical sectional view of a vibration actuator according to a
fourth enbodi nent of this invention; and Fig. 6B is a partially-cutaway
bottom view of the vibration actuator illustrated in Fig. 6A "Description
of the Preferred Enbodinents: Referring to Figs. 1A and 1 Bagdepesadd i on
will be made of a vibration actuator according to a first enbodi'nent of
this invention. The vibration actuator has an internal magnet structure and
conprises a nmagnetic circuit component 10 including a yoke 11, a plate 12,
and a di skshaped pernmanent magnet 13 interposed between tgg_ oke 11 and the
pl ate 12. Tireoliobr ant rERRIVGETING MEMHER” COHPRY SELEOTERP F“%%ﬁ?ﬁc%, a
suspension 16 of a plate shape, .a coil 17 of a, []] iQratd

menber 18 GACCRTHIRER EhE ?‘%W?’BF&FFBEOF}Pgﬁgm %b?ﬁbgggﬁ‘%g%p%ﬁgo%ﬂﬁ ﬁgng
shape. The center .shaft . IH~1d £k ; ik BF XS @ and i s
inserted i W%”\;%ég%fgrg %égéng?e%ﬁggﬁ%ﬁgt&i g%gﬁt?%&ﬁa?cg%%nent 10 to

coaxi all y F&?%hﬁic%ﬁweﬁd?%rﬁ% el%Fedé?@'nﬁihéﬁ@Erbaﬁora,nﬁetrﬁa‘grm@trdm'mm magnet 13,
and is fixed tot yoke 11, the plate 12, and the pernmanent nagnet 13 by
caul ki ng orecgiedtiarg cobpelatvly Wite thymkezdd defining mephat & definsafdareset o t he

per manent magnet 13 under attraction force of theQ;per r;aréﬁnt magnet 13, by a
combi nat i ospatetdnargecr BwesH therpecreif A Ui En iGN KFchélﬁrr%in or

staking. The center shaft 15 may be renmoyv after the yoke 11 ( the plate
12) and t hEOPEPHBIERES Wﬁ‘%éﬁ %%‘5?@[%}3?03% y positioned. The nagnetic
circuit conponent 10.is, proyided \wLhuas h OBV hde. d.n a 14 July
2004 5 predeterlﬁcﬁ%%qﬁ @&W%ﬁﬁfeq%t%%%lb%&gﬁt %fgﬁ)er Vgi ggt‘%ﬁelssuspengi on 16
conpri ses ard}iafd ghamesiopl AdtaaPr evigeiling & v sgrhiercaicuitcootpdresnt caving af

springs formed between an inner periphery and an outer per %efr‘% t her eof .
The suspengeprorléndakizan 4 predetpeningdatimcipnrd FohfPRBRY 1% Uikt Br

peri pheral portion of the ke 11 by the Use. HGH L 1, .
such as a ﬁﬁER?lﬁ‘_é‘Qfé-'Wg%‘fﬁ?g’gﬂg &%Eﬁ%,ﬁﬁzgn?ég}@%n%bfl%b!‘iqn%%ﬁéﬁaP 6}}83?}' ki ng
or staking EB%{%JA&EBQE.«EBE CSHSRERSH ARG Be oIl Bhe sopdeteiperdwitee &t tpor ti on of
t he yoke 1?, € magnetic circuit conponent 10 is pr evented from bei ng
shaken. Thersdipenpian i tbasaad sosteae gEnimhmeabyIcialing®e fixed to the
vibration transmtting portion 19. Thus, .the susgcensi Q

y 16 flexib
supports t hecomgietatoncinass 1-oFpeReHtd 16 T69t'h Qﬁr%lr"g??rgﬁoﬁgé%?}#lﬁﬁ ng
o o R Pt b penen o

bei ng brouE;‘Fli 1 . . . ation ne 18 due to an excessive
anpl i tude ofy Vi3t Qihadd\GrdlifiicthpOfertiaRepiddstgrmioetidiection, thepr ovi ded
wth at |east stopper™ 22 formed on its inner peripheral portion. The nunber
of stopperglagrtigmjichit campatesi cedoatriingvyitTie SRESEFET IS S For ned
throughout the inner peripheral portion of the vibrati DSOLL g

portion 19defhe43FaE SHRTRABRICIBERYE L MEHESEY C%Ig‘rq? éé:rg" ?ﬁ%&‘e%#@an

L-shaped portion 23 Do AL oS RADEA kAl ARCAd O EOHERKQUANRIBAES | cul ar
surfaces p&\ﬂp%%vcﬁrc?ﬂld;é@ﬁ%‘q’gé%%@tJﬁe’?aa%%oébﬁcﬁ the particular surfaces is
directed optjwen & ihdzA dradi@hrr=2bbagirigan pbut hes to hbs cbanaceaat e cover.
adhesive or the like fixedly attaches the coil 17 to the particul ar

surfaces of the EsishBpedripiion ohtnedBrawinghe vi bration menber 18. The coil 17

is disposed in the gap 14 of the npgnetic circuit.. co . - S t he
vi bration rrenberF'”Engﬂ E1F YRECEOPFC! “‘ﬁ"igcﬁff \éﬂﬁt%@ﬁ!e%&?%%?t&cégﬁégb g?]gL

shape, the.coil 17.is_k lp.c ct with the vibration nenber 18 at two
surfaces. TR gmt{ émggfgp%?é fhs"“ﬂg{rj 1y rel eased, as conpared with the case
where the coil 1#d spattaghed f-@utivey bbrahivaw o tevibifiat zetusloigl e
surface. 6 14 Jaly 2004 A coll wire 24 is extracted fromthe coil 17. The
coil wire 3dstraicaldhéiigdiAp the surface of the vibration nenber 18 by an
adhesive or a tackiness agent so as not to Eﬁusg an, a ver,sc%_i*gfl uence upon
the vibration of Fighd 15 PPGRIBrY 1 HErCHET LEEH T hEPnOPE e8| wire 24 is

connected hy a sol der_27 tg a.termnal 26 of a termnal support 25 di sposed
at an out éﬁgﬁéﬁ’g%%é@'p’d%fipgﬂ%gf the vibration transmtting portion 19.

The coil wire 24 and a connecting portion thereof are covered with a
protector 28. The vibration transmtting portion 19 is forned by an el astic
mat eri al




such as a resin and has a cylindrical shape with an upper opening and a

| ower opening. The vibration transmtting portion 19 has an upper part and
a lower part to which an upper cover 31 and a | ower cover 32 are fixed,
respectively. The upper cover 31 conpletely covers the upper14qm¢)njzm of the
vibration transmtting portion 19. On the other hand, the |ower ‘cover 32
covers the | ower opening of the vibration transmtting portion 19 but has a
plurality of through holes 33 havi n% a relative | di anet er

4 \ smal The
through hol es 33Figld iec graphyshaayiog e relaignsiiP béf“é%%’éa URGgregs Y Sund
em ssion hole for releasing or emtiing,.a SQun i i1l be generated by
the vi br at &g a6 @dienuency ghasaCiersls H?Wgﬂgwg‘gggyﬁ‘g&ﬁgs a circul ar shape
in the illustrated exanpl e bu y have a sha. [ iah t§longat ed
circle, a pol ygo%lg-ﬁr's g%%pt]%%ncﬁ?éﬁafwgwg%‘fQ%ﬁﬁig{ﬂé@@{é{rya?«%ga Iyga S ngl e
t hrough hole 33, may be f ihg.the operation, the through holes 33
exhi bit vi B‘F%‘?W%ﬁ”ﬁ%"?&ﬂﬁﬁ{gﬁg“% @ﬁ%bﬁ%}i utilizing air viscosity. The upper
and the | ower co i b o 4 Dinkarvadthatdratcordingo et | ng
portion 19 to sem%aié%ae@g'g%gs%g&pﬁ ng nmenber defining an accommodati on
space 34 agaERORHIMENE SenRevehiish;ci rcuit component 10 and the coil 17
and as a protector for a functional body providing the vibration. The yoke
11 has a | ower p#g. @ Rid veitgl ssttural viesy abpvimstiomaciuateragardipidp A
surface of the vibration transmtting portion 19. As a consequence, 7 14
July 2004 tdettyefnbotiimeobpkthi isveniion atte | ower cover 32 to define a danper
space 35 |l ocated between the yoke 11 and the |ower covber .32 aﬁft r
cormuni cati ng wi Flig.@Ris apediglyraitayagHottam viey ofthe Yorglog &A1ty i n
conjunction with a specific exanple, the total area of the sound rel ease
holes is sélustalafl i iBaPfhwi thin a range between about 1.3% and about 3.5%

of the bottom ar N bration nenber 18 has a
1 a corrugated shape, or a

flat shape, a satreef A& : -
comb' nation thet ealierr dNEig¥! PRI (TRIMRRD IS wirbe nade ued widiarion a

[

singl e radi us of curvature 8¥ a conbination of different radii of curvature
i s appropr ia%h?dt?{r s&d RO # ik Ringyiidept efigisinventah.sound characteristi c.
By increasing the rigidity of the vibration nenber 18 within the coil 17, a
har moni ¢ di st ort iTor vibraaion adtubioe dasraryintergalomagast SEIGTEERaREY COMPEISEs
vibration nmenber 18 is made of polyether imde (PEl). Al tgr naéli Vﬁlﬁ}{ t he
vi brati on membgnebic saguibeompdaeot 1aeudng@ i@ .4 PRSAERTAP E¥th as

ol yet hyl ene terepht hal ate (PET), pol ycarponate C I | fide
(PPY). pol yargrerenrenrnt msna HRdBeritaed Brmeapd yo BavRd e SRES 2!
pol y- ( paraphenyl ene terephthal am de)).. |1n_arder Sur 1 Li tude
of the vibrid whr%ﬁb@fugﬁr%ﬂh%‘f@%ﬁ% %ﬁgﬂars‘agﬁﬁ ;q:r:‘d)lrl‘ill %{sﬁe‘ﬁg%ﬁﬁ*gf ion
menber 18 is fixed to the vi 10 1 e20S M LtibA I RBE 98 ot D (IBfe0stHbeam
el astic natpi?tﬁa%afﬁcﬁ‘ Cé)élehy{)géEilcnlge%satpgggﬁ{m,ﬁaggﬁadhesi ve, or % resin. When
the coil 174,54 | it HigvANPricd EhE8HE., THE ceBmreihatt 18 hasiat
conponent }’bgr?fiélli?r%ln?ﬁggwgoé}%@ggt;??henvgbra}?i on nenber 18 and the
suspensi on pLf MidMdiRsor Alpinké shape antihe indebtedtintona ceates ridle bhthepor tion 19
serves as a fixed portion at a |ow frequency and, on the other hand, serves
as an el astrhagheiycigtuitcdingbnénetiencyatialypasiterethesyekepat tthaflatke 2,
vi bration nmenber 18. Thus, in each of a vibration node and a sound node,
t he magnet iandcihequermaremhenaditetai®y aprds fiked 2@ thenyolenbbrihgdatgpler &dNGnder

mutual it eggrr?wra%g%?%nagnet 13 by caulking or staking. Each of the yoke 11 and the
plate 12 is fixed to the permanent magnet 13 under attraction force of the
permanent magnet 13, by a combination of the attraction force and an adhesive,
or by caulking or staking. The center shaft 15 may be removed after the yoke

11, the plate 12, and the permanent magnet 13 are coaxially positioned. The

magnetic circuit component 10 is provided with a gap 14 onone sideina




14 July 2004 8 Herein, the through holes 33 exhibit a vibration attenuation
function utilizing air viscosity. Referring to Fig. 2, description wll be
made of the |ower cover 32. The | ower cover 32 has an outer dianeter of

| 7mm and a plurality of through holes 33, five in nunber, faqpigg, josdesired
positions of the bottom surface to serve as sound rel ease hol es.” The total
area of the sound release holes falls within a range between about 3 and
about 8 mmR. The nunber of the through holes 32 may be four or |ess or six
or nore. Thedgtemainedigetiont o7 88 238 WRATS'Has an out er di nension i ncl udi ng

the outer dianeter of | 7nmm substanti.ally equ t . | r cover
32 and the thi ckh8§SUSPRESIOBNR SIS RN P d‘%'?%f:?ﬁ%’r‘m“;é%w'tﬁvn%

Ref ' to Fig. .3, d | pt i || f; ' '

cound pr asebral srdeliacal bR Ay ceRBBHT AR PR 2R gheeen @
h teristic, of th I brat.i uat ) R e i t

e (o) aRaenas baedl ndpis e B B e B R R moni

di stortion @ﬁﬁ‘é he GANEH1 3R the uzetofugedastio nuatsgalder e t he
| ower coverahgjﬁﬁ?iﬁ% nge%é,;l[%gh esired sound pressure level is satisfied.

However, t Bg hasmPRickirdsstaycht ¢ih alihesivaraea regmot benéanpoboadsidgdre to an
unst abl e non?i near operation of the vibration nmenber 1 S around a resonance

frequency gfaMng A Bffisingapkistishensionc)s trttieaouien parinhsrakbpotionof tag yoke
represent a fundanental wave and a harnonic distortion . in case where the
| ower coverl1 3thei maBhgtic 2ircsit asmgonent tAsePiEented KM RFIRE SEEyER- 3%?5 used,
PO e e LoDl ol et She boetlediting.. ¢ ne
Mo O ¢ 0ot 191 SBUROREN kB | S b BrE B nd Gl en (e
thi's i nvencoBioranti Pap thEvBelEtehs R Rn polR R 257 Onar cd by TTke
reference nuneral,s and (W db, B8Rt 1nBEnEESEHd SRditddMbeRGRrO from being

brought into contact with the vibration member 18 due to an excessive

amplitude of vibration, the vibration transmitting portion 19 is provided with at

least stopper 22 formed on its inner peripheral portion. The number of

stopper(s) 22 may be any desired number. The stopper 22 may be formed

throughout the inner peripheral portion of the vibration transmitting portion 19.

The vibration member 18 has at the lower surface thereof an L-shaped
portion 23 shaped in an L shape in section to make two particular surfaces
perpendicular to each other. One of the particular surfaces is directed outward
in a radial direction of the vibration actuator. An adhesive or the like fixedly
attaches the coil 17 to the particular surfaces of the L-shaped portion 23 of the
vibration member 18. The coil 17 is disposed in the gap 14 of the magnetic
circuit component 10.  Since the vibration member 18 with the coil 17 fixedly
attached thereto has an L shape, the coil 17 is kept in contact with the vibration

member 18 at two surfaces. Thus, the coil 17 is hardly released, as compared

with the case where the coil 17 is attached to the vibration member 18 at a

single surface.




The L-shaped portion 23 is shaped in an L shape in section to nmake two
particul ar surfaces perpendicular to each other. The particular surtaces
are directed inward in the radial direction of the vibration actuator. An
adhesive or the like fixedly attaches the coif 17 to the paryijun 2604
surtaces of the L-shaped portion 23 of tehe vibration nmenber 18. Referring

to Fig. 5, description will be nmade of a vibration actuator according to a
third enbodi ment of this invention. Simlar ﬁ)artsT%Ire desi %%t.ed Li,ke
ref erence numer absalindrawdlis pstrapigddeethpeal ddy 1O W JEESHaTBR

tuator of Fig. 5is different fromthat of Figs, .1 B i th
L shaped piorecrisedy! metyaBramanbronber A e g0l TaepeReaR el by a
U-shaped portion 36. Wth this struct i Lsyld Libestidd th

ke haped por? ABACHES RALSR 8RS0 et CRpRA TS Uiraldy PRI EhBRI o' 27

th faces. T he £oil 17 ] 85

Vibration R 15 S eEpi B ool Vi B SERbe RO R R 1 o

o oL Pr o leifige Aony I AERA Sibrcprd @ QiepBued 26 R olrBeritursl SbrisTLor € 19

highly reli erring nd 6B, description will be nade of
a vibrati thé‘ﬁh!‘éﬁfo%rtré’t%ﬁ&lﬂgd‘gohi@nﬂ g hiTiek esbatterenanot ddriredtinggurtion.

Simlar parts are designate y like reference nunerals and will not be

descri bed gtebbagefoverad Wie & phutatiop@8act uator of Figs. 6A and 6B, the

| ower cover 32 is provided with a single through hole 37 having a,

rel atively | argeTHeastetton tEmsmitingugitiono 8 isformed by ad glastingiateliflet i c
circuit conponent 10 and serves as a sound rel ease hose. Wile the&present

i nventi on hash BRgsresir 2hddasdeadindieal shareowie N WPSKoReNNg BOA SHESE ment s
i & | nvenPPBAMBnt & Agrebatoe Tansral NN AE Al BPefBptEhda ake: P
mmgnet | ¢ cPREIP GBS F6VARY ! UNE Ry L. aLiehaP AETRe ERPSeRPY el

the yoke mljeRRer SV e e g R e e om or &

recess in ﬂPﬂan'ﬁiH ‘é)%‘%’@iéﬂﬂgie@ﬂ%rcﬁhépﬁar@d,tﬁeh@ghr omepredd covéraxhdensity. A
magneti c pol e ofI t% per manent magnet 13 nay be oriented in any direction.

The suspengjvas d;ﬁarmﬁ? obthd wbegifoal frandroitiregipoition theuttas athilemling @hsm tting

portion by insert nolding, welding, adhesion, or the I|]ke.
through holes 33 having a relatively small diameter. The through holes 33
collectively serve as a sound release hole or a sound emission hole for
releasing or emitting a sound which will be generated by the vibration actuator.
Each of the through holes 33 has a circular shape in the illustrated example but
may have a shape of an ellipse, an elongated circle, a polygon, or a
combination thereof. Alternatively, only a single through hole 33 may be
formed. During the operation, the through holes 33 exhibit vibration
attenuating function utilizing air viscosity. The upper and the lower covers 31
and 32 cooperate with the vibration transmitting portion 19 to serve as a space
defining member defining an accommodation space 34 accommodating the
maghetic circuit component 10 and the coil 17 and as a protector for a
functional body providing the vibration.

The yoke 11 has a lower part protruding outward to approach an inner

peripheral surface of the vibration transmitting portion 19.  As a consequence,




14 July 2004 -11 THE CLALYIS: 1. A vibration actuator conprising: a ma~etic
circuit conponent having a dap on one side in a predetermned 5 direction;
a coil arranged in said gap; and a supporting unit supporting sad magnetic
circuit conponent and said coil so that said magnetic circuhky jugeegaent and
said coil ere separately novable in saidypredeterm ned direction, 10 said
vi bration actuator further conprising a space defining nenber defining an
accomodat i on spats accomobdati ng said magnetic circuit conponent and said
tail, saidtspyokedafdosiprpiaeidy Nedowagcaveolmtr felinma3sanope $PREPY o t he
ot her side of said magnetic circuit conponent i saigggredeternineq

di rection segaledpebuedthavele itapeinaiVagCave refnd SREENYYCRINE Bither si de
Sound rel od6e tigrghgRiay3or Reavl ireapd deseares ihevar et ¥l d T cace
Cove: | 2. RIS e Al B e RRARHeERsh bR SeRg Nt in gl |
ot uat or adoapSPrRETS Bur) o3 SheERE A BEHE (O pBoRarka ML IER STe has
a shape of c%v%iﬁ?' e, an ellipse, an elongated circle, polygon er a

conbi nation thereof. A vibration actuator as clainmed in claim1l, wherein
sai d magnetic ci ryd $ibratidrOMBAIRIT SCRapgfiat eRapé tdissacat shapee adeived ng
menber to define a danper space arranged between said magnetic circuit
conponent  ahdpsahtoraiatedisiasaormeaabinagonitharesdi dif oentbraioremanbel e. 5.
A vibration actuator as clained in any one of clains 1 to 4, wherein said
space 30 ddfd misig oneved-beapdassiagls @déas phcaxAkie Of iangprpbingtion of giftarech

said supporting unit is fixed. | . :
radii of curvature is appropriately selected to achieve a predetermined sound

characteristic. By increasing the rigidity of the vibration member 18 within the
coil 17, a harmonic distortion in a high-frequency region can be reduced.

The vibration member 18 is made of polyether imide (PEI).
Alternatively, the vibration member 5 may be made of another plastic film
material such as polyethylene terephthalate (PET), polycarbonate (FC),
polyphenylenesulfide (PPS), polyarylate (PAR), polyimide (P1), and aramide
(PPTA, poly-(paraphenylene terephthalamidej)).

in order to assure a wider amplitude of the vibration member 18, an
outer peripheral portion of the vibration member 18 is fixed to the vibration
transmitting portion 19 through an elastic material such as a tackiness agent, an
adhesive, or a resin.

When the coil 17 is supplied with a driving current, the magnetic circuit
component 10 flexibly supported by the vibration member 18 and the
suspension 16 vibrates. At this time, the vibration transmitting portion 19
serves as a fixed portion at a low frequency and, on the other hand, serves as
an efastic body at a high frequency to vibrate as a part of the vibration member
18. Thus, in each of a vibration mode and a sound mode, the magnetic circuit

member 10 and the vibration member are operated under mutual interference.




14 July 2004 -12 6. A vibration actuator as clainmed in claim5, wherein
sai d supporting unit conprises a helical |eaf spring through which said
magnetic circuit component is supported en said vibration transnitting
portion. 5 7. Avibration actuator as clainmed in claimb5 or4 dﬂ n said
supporting unit conprises a vibration megrber through which salg coil is
supported on said vibration transmtting portion. 10 8. A vibration
actuator as clainmed in claim7, wherein said vibration nenber has a fl at
shape, a samemn, shapeough batasesB ekaipé,a vbratioagitaswadinafenctin atilggimbriiat i on
thereof. 9. A vibration actuator as clainmed is claim?7, wherein said

vi brati on wmTheity.i s nade of at Ieast one kind of plastic filmmateri al

sel ected from pol yet her inide, yet hyl ene 15 ter htE‘?Pll at &4 ar 30
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a sound pressure level and a frequency characteristic, i.e., a sound

characteristic of the vibration actuator.

In the Fig. 3, a dash-and-dot line (a) and a dotted line (b) represent a
fundamental wave and a harmonic distortion in case where the lower cover 32
is notused. In case where the lower cover 32 is not used, a desired sound
pressure level is satisfied. However, the harmonic distortion of a large
magnitude is produced due to an unstable nonlinear operation of the vibration
member 18 around a resonance frequency (fy).

A thick solid line (c) and a thick dotted line {d) represent a fundamental
wave and a harmonic distortion in case where the lower cover 32 in Fig. 2is
used. In case where the lower cover 32 is used, it is possible to suppress the
unstable nonlinear operation of the vibration member 18 around the resonance
frequency (fy) so as to reduce the harmonic distortion component. |n addition,
it is possible to flatten the characteristic in a low frequency region.

Referring to Fig. 4, description will be made of a vibration actuator

according to a second embodiment of this invention. Similar parts are
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two particular surfaces perpendicular to each other, The particular surfaces
are directed inward in the radial direction of the vibration actuator. An
adhesive or the like fixedly attaches the coil 17 to the particular surfaces of the
L-shaped portion 23 of the vibration member 18.

Referring to Fig. 5, description will be made of a vibration actuator
according to a third embadiment of this invention. Similar parts are designated
by like feference numerals and will not be described any longer.

The vibration actuator of Fig. 5 is different from that of Figs, 1A and 1B
in that the L-shaped portion 23 of the vibration member 18 in Fig. 1A is replaced
by a U-shaped portion 36. With this structure, the coil 17 is fitted in the U-
shaped portion 36 and kept in contact with the vibration member 18 at three
surfaces. Therefore, the coil 17 is hardly released from the vibration member
18 as compared with the L shape ilfustrated in Figs. 1A or 4 and providing two
surfaces as contact surfaces. Thus, this structure is highly reliable.

Referring to Figs. 6A and 6B, description will be made of a vibration
actuator according to a third embodiment of this invention.  Similar parts are
designated by like reference nurnerals and will not be described any longer,

In the vibration actuator of Figs. 6A and 6B, the lower cover 32 is
provided with a single through hole 37 having a relatively large diameter. The
through hole 37 is faced to the magnetic circuit component 10 and serves as a
sound release hole.

While the present invention has thus far been described in connection
with a few embodiments thereof, it will readily be poésibie for those skilled in the

art to put this invention into practice in various other manners, For example,
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the magnetic circuit component 10, an end portion of the yoke may have an
uneven or non-flat shape having a protrusion or a recess in order to facilitate
generation of a high magnetic flux density. A magnetic pole of the permanent
magnet 13 may be oriented in any direction. The suspension 16 may be

integrally formed with the vibration transmitting portion by insert molding,

welding, adhesion, or the like.
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1. A vibration actuator comprising:

a magnetic circuil compenent having a gap on one side in a predetermined

5 direction;
a coil arranged in said gap; and
a supporting unit supporting said magnetic circnit component and said coll so that
said magnetic circuit compenent and said ceil are scparatsiy movable in said
predetermined direction,
10 said vibration actuator further comprising a space defining member defining an

accommodation space accommodating said magnetic circuit component and said coil, said
space defining member having a sound release hole faced to the other side of said magnetic
circuit component in said predetermined direction, said space defining member having a
cover faced to the other side of said magmetic ¢ircuit component in said predetermined
15 direction, said sound release hole being formed in said cover, wherein said sound release

hole has an area corresponding to about 1.3 to 3.5% of an arca of said cover.

2 A vicration actiztor as claimed in claim 1, wherein said sound release hole is

a—

formed by at least one through hole.

20
3. A vibration actuator as claimed in claim 2, wherein said at least one throcgh hole
has a shape of a circle, an ellipse, an elongated circle, a pelygon, or a combination thereof.
4, A vibraton actuztor as claimed in claim 1, wherein said magnetic circuit
23  component cooperates with said space defining member to define a damper space arranged

between said magnstic circuit component and said cover and communicating with said

sound release hole,

5. A vibration actuator as claimed in any onc of claims 1 to 4, wherein said space
30 defining member has a vibration transmitling portion to which said supporting unit 1s

fixed.
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6. A vibraticn actuator as claimed in claim 5, wherein said supporting unit comprises

a helical leaf spring through which said magzmetic circuil component is supperte on said

vibration transmitting portion.

5
7. A vibration actuator as claimed in claim 5 or 6, wherein smd supporting unit
comprises a vibration member through which said coil is supported on said vibration
transmitting portion.

10 8. A vibration actuater as claimed in claim 7, wherein said vibration member has a

flat shape, a saucer shape, a curved shape, a corrugated shapc, or 2 combination thereof.

S. A vibration actuator as ¢laimed in claim 7, wherein saild vibration member is mads
of at least one kind of plastic film material selected from polyether imide, polyethylene

15 terephthalate, polycarbonate, polyphenylenesulfide, polyarylate, polyimide, and aramide.

10, A vibration actuator as claimed in claim 7, wherein sald vibration member is faced

to a plurality of surfaces of smd coil and adhered to these surfaces by an adhesive.

20 11, A vihration actator as claimed in claim 1, wherein said sound release hole serves

to exhibit vibration attenuating function utilizing air viscosity.



