; STe3eROLh62T5928 Sept ember 2004 1 MULTI - FUNCTI ONAL VI BRATI ON ACTUATOR
Background of the Invention: This invention relates to a nulti-functional
vi bration actuator generally nounted on a nobile comuni cati on appar at us,
such as a nobile telephone, and having a function of gengra&ditBgpar 26dWi NY
tone or a speech sound in a sound node and for generating t ctlFé Vi bration
in a vibration node. In a conventional nulti-functional vibration actuator,
a magnetic circuit conprising a yoke, a permanent magnet, and a plate is
flexibly supported by a suspension conprising an arc-shaped helical |eaf
spring fixed to a vibration transmttipg portion. The suspension of an arc
shape has one end fixed to an outer periphery of the yoke of the nmagnetic
circuit and the other end fixed to the vibration transmtting portion. The
vibration actuator furiMarmFONCTRISAR WBRATION AETRATCGRA a coi |l fixedly
attached to a vibrator U shaped portion of the vibrator nenber and is
arranged in a gap within the magnetic circuit. As a consequence, the coi
and the magnetic circuit are arranged on a single comon axis. The vibrator
U-shaped portion is fornmed at a desired position in a radial direction of
the vibrator nenber. Alead wire for the coil is extracted outward fromthe
vi brator nenber Backgrodad of the In¥eblifh and is attached to an inner surface

of an outer peripheral portiopn of the vi b er astic
nmenber such as aﬁﬂ'éd’ﬂ p@_re%ﬁ%s ?8?“'}5’2%@%@%5%%%&% %J%ﬁ%#gpﬁg&(la? rat or
menber is fix j [Welel Sz.{ﬁ?ta LB - m¥biRNididharel | 1S
applied w ugﬂecggratanﬁﬂfﬁ)é%ﬁbﬁlﬁ r'%a{r%@H e}%}g'néelﬁié%iarnguilt orafhhe coi l
noves towa ] S ot86Rertinga finbind téne 6t a dpeech sonnd ha seuhdat i on
transm’tti%gégghnla\(l)%msﬁpves gs a figed ﬁbg% Septerrbgr 2004 2 portion at a

| over frequpuiRyaribr g&neratitlgaatiile vitratien inea vibratiorheoder equency to vibrate
as a part of the vibrator nmenber. In a vibration node, the nmagnetic circuit
and the coil attbchednventional mubli-instionaviuation aectitalon A MagReCLIMses to
transmt the vibration to the outside throu

b h e.vibratio itting
portion. | GOMRESIHGA¥eKE & RAMATENE BIRARRE P ‘Pﬁf'?’ﬂﬁ‘éft%“@f?éf‘g@m tion
actuator, a distance between the vibr ic B aReL rﬁ.ﬁﬂ[%cﬁg ibPRpsur face of
t he magnet PESRGTRRN EORRESTH &N/, bsﬁ?gﬁgtrp%#%%qa MM UM va uée)bigﬁégst antially
equal to a;di e 8ionoiahase shbpk MasE@id fixed tcant and a
cover faceHgbﬁéﬁ{gﬁ%Peﬁéngn&g%p}%s?hﬂet gf t he rmvePrent of the magnetic
circuit andyidi@eriphedt orthagoRebf it inagnets eidciinand thesotheaendriixedde the he
magnetic circuit and/’or the suspension may be brought into contact with the
vi br at or neitsestiort amsmitiirg portibnor Tak vilwatieh acweioTdHRBeECOMBRERfIRNg upon t he
structure of the lead wire for the coil he vibrat nber me
unst abl e i NMboaer maraben anda §@&ﬁae%@@a0h?é %aiwﬁfﬁﬁ”gj'ﬁ%ﬂ%‘?%m&%ﬁ%ﬁg
increased or if the actuator is driven for_ a.l e Lhesl e ire for
the coi |l my{lPrafer ManabenAtly ARNge: ‘"ﬁ%apayftﬁlgttggqgéeg%%s&@gbe?gbé(\ne.
Summary of thn. ot 48t A OBIHFdn drhhSsingkvention to
provi de a ﬁéﬁ??dL&\lﬁﬁ%t#h%n% I é\/qdbrgtiﬁggﬁ%tgﬁ??gr&i n V\higﬁ a vi brgz'a%/or menber is
prevent ed tpamaFLAl, DTREMHraldi Lo sRaRE@sbrishlib farmEpakd Hesicad positioaird/ or
suspension even It vibration of the vibrator nenber and the magnetic
circuit isairagiataregidmoRtheivitratdronembde ahbadwink faritheleoilis Bxisaeed nenber
is stably operable in a sound node. According to this invention, there is
provi ded aoutvardtfram the vibsator msoniperi isiavgdial dirpetian and i akasiad Ry portion
form ng a peripheral portion of the actuatoy, a.magnetic, circcuit. formed by
the use of innessufane®f andyteserPherdlRaren Pré%é‘?‘b@??ramﬁmeéfhrauapgﬁance
fromone surface of, the qr}g%neti c.,Circuit and having an outer periphery

fixed to tR S\P‘FB’P%‘FP%S? : §ﬁptatqhﬁ_awﬁort ion, a coil arranged in a gap
within the magnethg (Ghsrptrprrarbdiion B VibRBHEmBRERSHL to HE Sept enber
vibration transmitting portion. When the coil is applied with an a.c. driving
current, the magnetic circuit or the coil moves towards or away from each other

in an axial direction. The vibration transmitting portion serves as a fixed



3 circuit and fixedly attached to the vibrator nenber, and a suspension
fixed to the vibration transmtting portion and flexibly supporting the
magnetic circuit, wherein the distance between the vibrator nmenber and each
of the one surface of the magnetic circuit and the suspeRsdfiieinbelbcd '
than the distance between the other surface of the magneti céag?r cﬁ?t and a
cover covering the nmagnetic circuit. THus, the nulti-functional vibration
actuator of this invention has a structure such that the di stance between
the vibrator nenber and each of the one f iR ienelteuit and
the susperRrianad adewar Epayenay a a%lﬁgteé%!’éirg rﬁgﬁx’%‘e%{ tgﬁcle ot hgd surface of
the magneti.c circuit angd.t t hgr A0heatid@odEbinetpagnelder i s
formed in ‘é{b?ri%ﬁ‘é as%rﬂogg\egﬁl?lfégqre@ﬁg@%? aﬁ‘;aucer shape, a curved shape, a
cor r ugat ed, b @ilCRERhBE b ViBRItEPMamiET dpetietsiin eeveradiphases to
curvature lﬁég@p%hda eaﬁ%'ar rmhlac distortion conponent is mnimzed. Wth this
struct ur e, yrhhsrhit tROSIBHAOR tbah@votsidatioagh et vibratint transmiding ReidioRagnet i c
circuit and tshe vi brator menber around.a resonance fr e ueﬁ%ﬁ in ? vi bration
node. Pref er abl yin thbstrabve ofrthe canveationalkmubirfupshigng! vibsaliiy 8ClyRi: 8| east

one kind of plastic filmmaterial selected from pol yether j.m ,

pol yet hy| edistareedyetwaen e vibreer mesds/ Ad.efe ‘én? ‘?Wc%lu H6 %‘ﬁ&ﬂﬁ"f‘é‘ﬁ@% fide
(PPS), polyarylate (PAR), polyim de_ (.Pl ] RPT. ly-

( par apheny¢iegiit arg MW&%OBJ)%S. a M’Q'FH%“ Pfgﬁ{%l ﬂ%ﬁlﬂbﬁﬁg&aeﬁuﬁ Tk?Pgt i on
actuator of this invention I ] pédit hxadoveptdorghed to
the vi br at StaRGFRE P@"It%?at@ﬁsﬁﬁgcémgi i@{agbgtﬁ%g Vibrator member in a Vv
shape, a U e, | ithBe ShRRPrertof 3he ATHYnedt ichouit krd doé and i s
attached tw%g@@ésilf%rgﬁwgﬁﬁ@'egﬁf%e vi brat or rreﬁrr‘lt?egr by the use of an elastic
menber, Sugl,@sr AErAskIas ineasdtbini tad vibratios puide, theemiagertio sircwit aRdiaDb| y,
the lead wre is attached to a point on the outer _BeriPher of the vibrator
member. @k Segpensiver mag®e broughtintoheantaeiwith theaVidERIoLME (doperation of
the vibrator nenber in a sound pode is sup

ressed to.r ' jon of a
gener at ed generste phnadaaksosRd. | FUMSeiBAS, gggeli](glngygg)g&ﬁg%ﬁﬁggjéé\tﬂ?ﬁié for the
Covel |5 s via e dpi ey porppleb P Sepa EnablefoRrator 1on,

evel is s n r1’s driven for along tinme. Fig.

an' enhod nBowe TR 1ol R erdese BTt e

characteri gti,&n RG E; tfh&; thd le@NirBifer the dali mapbarinterreytest so Hat the

mul ti-functional vibration actuator in Fig. 1 with a coil wire fixedly

attached t gcfuatbbedcnesiewperabléow, description will be nade of a

mul ti-functional vibration actuator according to an enbodi nent of this

i nvention wth r&ignmary JEHRENIOAWI ng. Referring to Fig. 1, the

mul ti-functional vibration actyator, . .is.of [ . SunPBSHEt type.

The multi-functi cbtn'ﬁIth%‘iefﬂrﬁtqnoqpl%@t‘ﬁé‘%"&rm‘fﬁ{gﬁg tﬁgﬁn‘é' %gcr‘@m@&nt conprising a

di sk-shaped. per.manent  nmagnet. [ Pertedt 9Fn beigbraughit e 3
ahien o apar et e B EL FraRperiiRele |

arranged orf aces manent nmagnet 2,

respecti vel, TRAHHES Meadricie Wrbuk BRERI Reéisplnsiopi avead Wipratiop-dtheas a
center hol ée{t\f.\j‘ﬁb?aal ce{rtféelp?as@aept 7 of a bolt-like or a pin-like shape
inserted arghhidrirREmbReEAEhe Fagnettteuis kdhtreased v ayiratien mack and
position the yoke 1, the permanent magnet 2, and the plate 3 as nmagnetic
circuit conpeeth the Vibeser megierissiabipeprrable i 2SqUNEHNOHS: t he center shaft

7 by staking or caulking. It is noted here that the .center 7 may be
renoved after thehcrardipgite this inventiopohsEn SRTOVIdPE &Y Sﬂtigﬁl%ﬁlg%é%ti oned.

comprising a vibration transmitting portion forming a peripheral portion of the

actuator, a magnetic circuit formed by the use of a permanent magnet, a
vibrator member arranged at a distance from one surface of the magnetic circuit
and having an outer periphery fixed to the vibration transmitting portion, a coil

arranged in a gap within the magnetic circuit at a distance from the magnetic



The magnetic circuit conponents are fixed by attraction force of the

per manent nmagnet 2, a conbination of the attraction force and an adhesi ve,
or caulking to the center shaft 7. The vibration actuator further includes
a 28 Septenber 2004 suspension 4 conprising an arc-sh ptémbepbossaf
spring. The suspension 4 has inner and outer edges fixed to an outer

peri phery of the yoke 1 and a vibratiomtransmtting portion 8,
respectively. As described above, the magnetic circuit 1-2-3 is of the

i nner magnet type. However, the magnetic circuit 1-2-3 ma

di fferent Giggod, af@ﬁﬁecﬁkaﬁﬁcﬁﬂ@rth@r\"tﬁiémfw&?r PR BUS 'Q?Peﬁ’ggq &’di al

| h f d
and port | oegfd fr:ta%eﬁ rsemitine oRprAgADEx b S pedrtin 18 BHhEEyCRHAR E?Ee?na”
the gener bt %”fr?"bﬁ‘te S tRthEtn e Pﬁiétéi*m%??@é dhd EESE51 B S Slrdcy 1! P
per nanent ‘?{1 @‘uéfﬁ:ycnk&?utcgn' PE%@JSbQH%BH |éj%fe%‘fér'tﬂan tH& gistarsdrepsiweierd i s

flxedtot peri phery of the yo y the use of an el astic nenber

18 such asth% StAEKSIRES GTARBmaghtRENCIt\eed @bover cowsiing the magmetios of
caul ki ng or staking. The suspension 4 serves to flexibly support t he

magnetic cgifguitit 1-2-3. In this enbodi ment, the suspension Is integrally
coupled with the vibration transmtti rgl port| on 8 by insert gD| di ng
wel di ng, adhesi ofhusyithe nasitiHfunstiomakvibn ﬁatﬂ‘-‘@#ﬂt%%@!so'f“’?%ﬁ‘qm St?orrprl ses a

i br at nb 5 d ab h f f.th t
1-2-3 i t hSENGURSHOTNAT &%@a%eﬁﬁ%gﬁ“qwﬁf%gf%m%bﬁ{ﬁ\?ra Bt Frenber 5
h d d t k d d | h ,
Cavcer snaps sifedH GERRAAASRA CERUAGE PRI SREREERTE gHEAGR Bhitf, O 1aPe: @
thereof. |geLas gﬁgtwégﬁtﬁé‘ﬁff‘%‘i’ sahae rr%m HemybRERd BfcureaREethébcdmy, have a

single radrus of curvature or a conbination of different radii of

curvat ur e. Fl#R&MSSIBDHR vibiEoMnBhtiepls foRimiearin a stepelsuch a5 a fdt sisapd, a
curvature such that the rigidity of the vibrator nenber 5 is increased in a

portion i nsastertshapeoa cubresishape; 8 cormigatedkshapeaofariambinatien thesaot
conmponent. Thus, the contact between the vibrator and each of the

magnet i c cwitk @ deqregtradms@ftqh@vaéusep@#m hata h"’%mg{?l?rﬁﬁtﬂmi'q{‘ ePPBRER 8n node
while 28 SePnlze Wltﬁ?hls structure, it is possible to avoid undesired contact

mini
between the magnetic circuit and the vibrator member around a resonance
frequency in a vibration mode.

Preferably, the above-mentioned vibrator member is made of at least
one kind of plastic film material selected from polyether imide (PEI),
polyethylene terephthalate (PET), polycarbonate (PC), polyphenylenesulfide
(PPS), polyarylate (PAR), polyimide (P1}, and aramide (PPTA, poly-
(paraphenylene terephthalamide)).

In the multi-functional vibration actuator of this invention, a lead wire for
the coil fixedly attached to the vibrator member is laid on the surface of the
vibrator member in a V shape, a U shape, a bellows-like shape, or a
combination thereof and is attached to a desired point of the vibrator member
by the use of an elastic member, such as an adhesive, applied ina spot-like

fashion. Preferably, the lead wire is attached to a point on the outer periphery

of the vibrator member.



a predeterm ned sound characteristic is obtained in a sound node. In this
enbodi nent, the vibrator nmenber 5 is nmade of pol yether imde (PEI).

Al ternatively, the vibrator nenber 5 may be made of another plastic film
material such as pol yethyl ene terephthalate (PET), polyggr Bek 2104

pol yphenyl enesul fi de (PPS), polyarylate (PAR), polyimde (PI'), and aram de
(PPTA, poly-(paraphenyl ene terephthal angde)). An outer periphery of the
vibrator nmenber 5 is coaxially attached to the vibration transmtting
portion 8, if necessary, through an elastic nenber such as a tackjness

agent, an Withdbisvauctureaan emistableopergtion b b vViRrafoaMeNRATdR a8/4NG ude of
the vibrator nmenber 5. The vibration transmttin {portriwgn Sai[ds.padﬁigf a
resin mat NP isupRIESsed tarediicaLlistortion ol ehaeRRIEMRG SN LD AdIAN,iSe g
fixedly attached to a surface of an.,U sh i f i brat or
menber 5 bROSHRUE (R Brejen ﬁ'%ﬁé‘gﬁe\@’m‘a ?ﬂ@?(sr?‘lﬁeé?ﬁéf ng&(!,‘:%]l I aff\}ielg‘qg?‘banged ina
gap within the,r i Sa bt § Widh thvaris: 98N ARG iR¥uckSr Bedriesh L O

pr event th'@pﬂﬁg{m’gagb@%q%éf%é’éhelﬂegérslg(?ugpgené?g Vi rt;rator menber 5 with a

hi gh reli afjLi ; vibration transmtting portion 8 is provided with a
bottom CO\?@:[ a&ﬁ%gma&t op cover 10 for protection of a functional body

exhi bi ting the vphéfabésintidhofbed Deawiplgver 9 is formed on the side of the

| oner surface of the magnetic circuit 1-2-3 Wth a distance (a) kept

t her ef rom whi | e Figel ia seotiemal Mew of adnuiidunetionaévieralioTACHARr upper surf ace

of the magnetic circuit 1-2-3 to cover the vibrator nenber 5. In order to
reduce t heatrardipgite am enbedimsant ebHhie@M8Pound a resonance frequency by

suppressi ng an unst abl e nonlinear operation ] {0 at or nber 5, the
bott om cover 9 ffi@ed 1§ BNENATIPH VY Bﬁa bg@ﬁ&[ﬁtﬂ%%&%}b%gbﬁ A" s provi ded
with at least ong sgund 4  HAMidHG GibRaRin sdusioRerRy, 1f or
attenuating air 5 ty- e Sound release hole 11 may have a Tormof a
east onggsaynd pﬁ& SR ol R ndil AN | 4 R f
circle, anyghld @6 19 BURLAE € BGAlator ri@heEn, or a combi nati on
t her eof . nghd%ﬁgé%tﬂ)eﬁr%ﬁ 4 7 bottom cover 9 nust have a structure
such that no ai rDes&iRice sfericahvibmnbodixoedt t hr ough the sound rel ease

hole 11 for attenuating ai r vi scosity. As cri bed above, the suspension 4
is fixed to the Nowedegarintiphevil befmatie of aireulii-furctipnal WhEghom, @ddalohaki ng of

the magnetic circuit t-2-3. In order .to prevent the net | I. it 1-2-3
1 om bei nggmwb@ﬁhianwéeﬁmt o thif ipveEtion f&‘?‘”ﬁﬂﬁ%ﬁ? ﬁg @rﬁg‘}"{"@u;n

excessi ve anplitydg upo ccuyrr.en : ; iMh & ation
transmtti ngpporllfila&ﬁr"sg ?%Elﬂ‘ gwg%eﬁw{%tcgﬁmﬁggss} tsgrﬁ]g&é{ag%ﬂdgp? ?g lﬁ:ﬁl(])(?{rned on

an i nner pg{h&}hgr ﬁ'lagﬁgg {r\/i?;%.e tHﬁb?ﬁ&fp-ﬂh&eﬁa@m%ﬁo%mmobaaé@rmiagnetic

t hr oughout e I'nner” heral surface. In this state, a driving current
is appli edci?&;iltd‘tﬁ'n?@sihg @ disieRapéd Berhanattonagretteintapbsetietwearne
vibration transmtting portion 8 and the nagnetic circuit 12-3 flexibly
suppor t ed {fyke heansis plats Banrahgeidomtower Bnd uppsr surfaees pEReRarMang hor tion 8

serves as a fixed portion at a |ow fre_quenc_i/ but., ﬁt @ hi%?j fr ncy, acts
as an el astiagnetabiespeaiivaly.vi Bhemagngsc sirput {heseinaier deRiPO Y Feebler 5. The

0Nt ¢ LU ol A0 P bt SO 8 S BFLUNG S MRy
refer TN L0k oreih A0S hailel 8nEh §:schostd RSIAIERAIION hEGoKEl at | on

node w | | efic circurt 1-2-3 the coi’l 6fixed|y

at tached g herd iRk B B0 BhaThé BlaRs acds ebheRastoult dumpashtsper at e in

reverse phases as nentio above. Therefore, as illustrated in the figure,

the di st angReédmdgnetic bombondnts are fixed toltht weater isheftv by atabingember 5 and
each of the magnetic circuit 1-2-3 and the suspension 4 is selected taking

i nt o accouphulking. atpisirotet:hefe that theoéentaeshafhciaxbe remaved aftet heang t he
vi brator nmenber 5. Specifically, a mninumdjstance (burin) is greater than
t he di st anowgrelicisbcuiteampese etGoaxially PeSHIoNe83 and the bottom cover 9

(a < burin). Wth this structure, the vibrator i ed from
bei ng brought i ni BeSEAIRRIC GHH Cpﬂéomﬁﬁeﬁecf?@dwaf-ﬁ@ f}org% %}t{ﬁ{eg
Suspens Onpé’fmangn %SBE&’E’,%{ cgrggﬁﬁation of the attraction force and an adhesive, or

caulking to the center shaft 7. The vibration actuator further includes a




8 As a specific exanple of this invention, a nulti-functional vibration
actuator having an outer dianeter (~) 17nmm and a height (t) 4.3nmm produces
a predeterm ned vibration accel eration around the resonance frequency in
the vibration node. In this case, an abnormal sound is 3@&& ¥ 2

undesi red contact when the anplitude of the vibrator rre?ber egglggdsag%out
50 a mand the anplitude of the nagneti® circuit exceeds about 600 a m
Therefore, the m nimum di stance between the vibrator nmenber and each of the
magnetic circuit, and the suspension is selected to be 50+600+ a." m and
the m ni mRHSPESBIRACLCOBPIBIBA andl criflaned; helicalIgah PN tﬁl& %%%Oﬁeéﬁ‘%’bger is
selected to be 600+ " . where a i . r o to Fig. 3
in additi d% GNer gnd 9}“‘%5@#6%3830%&@%@&%@3’29%w fle %‘rﬂ{eﬁ]é‘@@g‘%t of a pair
of |ead wl.es.,: I nnl v h [ with the driving current. In
order to e&?%é'éﬁ t{aglgnﬁg'g@ ﬁvédrﬁ%%hlgesﬁgbﬁ egy'outsi de, each of the lead wres
19 can be entire\y agbificRtal e i MhBliOEIremIPera s of thetigerinagnet nmenber
such as an adhesive to extend in a ndérnmal direction with respect to the

vi brat or ngpber Howelbr, 3he heagnetic cirouit H -bB8imay bbaiii difierent typs, suop@sat i on of

the vibrator menber in the sound node as described above. Furthernore, if
the i nput ah butengrperiphgrl magnet typeserda tadialfstiugturei bimeither idhadpegr | s

driven for a long time, line interruption may be. caused to qcc so t hat
t he vi br at magnatiynaesd the biersMAERRIEYRS) & eﬁéEPH@"tﬁZ‘ﬁS%@% | fg’t@e
consideration, the le Lres 19 are laid o . vi br at or
menber 5 i'ﬁ'agng’t'%ﬁ'é%ﬂ?ﬂg# s ©rmEd intg %\"I'%‘(ﬁ&‘%lﬁioﬁ E%é%ga%egﬁa\}é'q@gnbi nati on

t hereof so_a V.Oi i.nfl i i ir at or
rorber 5. RRUHSRITH fRAREKH BucbneRI SERAtOLOA hth Maghodc MRS DT o
out er pe”&éﬁ%i%(x Ofs hAgntidpSEYS the BRAhadentWhggetichdayiby aleradiis asyal |, by
the use of an élastic nenmber 20, such as an adhesive, applied in a
spot -l i ke fiipedtiopn, as illustrated in the figure. Each of the lead wires 19
may be 28 Sept enber 2004 9 adhered to any desired Eosi tion gf' he

vi brat or nmenber Bheisuspansien 4 fiefixed taothergteuprinhery pEhecyRk& LEY W@t h this
structure, the unstabl e operation %ln t he sound m)dte isqi%gpegﬁa to reduce
the di st or #$@Af an glagdigingroRer i3 SEC ﬁ‘ﬁ@r%%‘f’?ﬁ%agﬁré‘?‘g q b [iving

vol tage of a.nhi | evel and th LVl 0 bREBH IO R6E YakeLibior a
long tine &P Bg %F&%ﬁt"g&?‘“fﬁ’ﬁq ﬁé%t:ékﬁ’g; ;rg%i%ﬁsﬁéﬁ%'gbéga? nFg. 1, y?he

vi bration J@g}ﬁm I i ols PhaMisdefbadifient thelstispehsisnppiert 13
formed on % outﬁeerﬁngg?%éelt% ereof. The lead wires 19 gre connected to
the term nghedrhfy Bodfle@Wwith et \itsaitionltrapspiting pbidmy8 biénsestneidiagsol der 15.
The |l ead wres 19 and the connecting portion thereof are covered with a
prot ect or Weéldig, adihesidrhedtheblikee, according to this invention, the distance

bet ween the vibrator nmenber and each of the magnetic circuit_and {h
suspension i s gr&he éfbf@ﬂ*ﬁha@ﬂh@tq{if@ﬂ%ﬁc@%@'ﬂﬁﬁ@e&‘"ﬁ@%ﬁ&ﬁ&?@ B"PRUPY and

he b _ Furth he vibrator | i fl
Shape, o SBBOU Ui " Siripge p4ne adoetl oRby T sy wib g hBATRIE 0 2ol 2t on
Lher eof ang;PameAnd kebi fidrdificthy!s TAE \AGtR InErRBIS Rab idedifed iRRKRRSS ©

di storti on "¢conpon mnimze this structure, it is possible to
provide a gyhtd addwaatdranal serdibatiopnadiat URASE, csanmier ehape gy cuniedy t he
contact between the magnetic circuit and the vibrator nmenber around the
resonance éh@}ﬁb!@@o’rrmgatéb%huﬁbrmd arcombiratiohctberatif ngint casendfstherprsyed on,
each of the lead wires for the coil fixedly attached to the vibrator nenber
i s |aid onshapedheviratosimermber s bnay bavene single radius of G¥BlIre ShAY shape, a

bel | ows-11i ke shape, or a conbi nation there%f nd is attached to %egi red
portion of cembingtional slifferprbradiigf cup@tyrse Pﬂgﬁr@?%ﬁ?%v'ﬁéﬁﬂémerﬁtﬂ h>as an
dhesi ve, |ied i t-1i f it d
adhest Ve BB S B hobal e RN e g Yt b 47
nerrupt | D e b ROrRRTbAHe e LB bR B g e e

driving of c&nﬁo\ﬁjteh;atm&,%eﬁta&t b&tivedntRO Gibk4t6E memi2& S5ent eabhrof 2094 10
CLAIM5S 1. A multi-functional vibration actuator conprising:

magnetic circuit 1-2-3 and the suspension 4 is avoided in a vibration mode while



a vibration transmtting portion formng a peripheral portion of said
actuator, a magnetic circuit conprising a permanent nagnet and a nagnetic
yoke, said magnetic circuit haing a nmagnetic gan therein and said nagnetic
circuit having first and second surfaces opposite to ea?g é)éﬂggﬁ\beﬁzddﬁr at or
menber arranged at a distance fromsaid first surface of 'sar'd nmagnetic
circuit and having an outer periphery féxed to said vibration transmtting
portion, a coil arranged in said gap within said nagnetic circuit at a

di stance fromsaid magnetic circuit and fix attac Eg?éo sai d vi brator

dl
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of the vibrator member 5. The vibration transmitting portion 8 is made of a

resin material exhibiting an elasticity.

On the other hand, the coil 6 is fixedly attached to a surface of an U-

shaped portion 16 of the vibrator member 5 by the use of an adhesive or the

like. The coil 6 is arranged in a gap within the magnetic circuit 1-2-3.  The uU-

shaped portion 16 serves to prevent the coil 6 from being released from the

vibrator member 5 with a high reliability.

The vibration transmitting portion 8 is provided with a bottom cover 9
and a top cover 10 for protection of a functional body exhibiting the vibration.
The bottom cover 9 is formed on the side of the lower surface of the magnetic
circuit 1-2-3 with a distance (a) kept therefrom while the top cover 10 is formed
on the side of the upper surface of the magnetic circuit 1-2-3 to cover the
vibrator member 5.

In order to redube the harmonic distortion component around a
resonance frequency by suppressing an unstable nonlinear operatioh of the
vibrator member's, the bottom cover 9 fixed to the vibration transmitting portion
8 is provided with at least one sound release hole 11 having a desired diameter
for attenuating air viscosity.  The sound release hole 11 may have a form of a

circle, an ellipse, an elongated circle, a polygon, or & combination thereof. The



said vibrator nenber is fornmed in a shape selected froma flat shape, a
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'porﬁon 8 serves as a fixed portion at a low frequency but, at a high frequency,

acts as an elastic member which vibrates as a part of the vibrator member 5.

The magnetic circuit 1-2-3 and the coil 6 fixedly attached to the vibrator member

5 interact with each other to operate in reverse phases.

Next referring to Fig. 2 in addition to Fig. 1, an operation in the vibration
mode will be described.
The magnetic circuit 1-2-3 and the coil 6 fixedly attached to the vibrator

member 5 interact with each other and operate in reverse phases as mentioned

above. Therefore, as fllustrated in the figure, the distance (bi {i=1, 2, 3, ..., n})

between the vibrator member 5 and each of the magnetic circuit 1-2-3 and the

suspension 4 is selected taking into account the amplitude of each of the

magnetic circuit 1-2-3 and the vibrator member 5.  Specifically, a minimum

distance (b, is greater than the distance (a) between the magnetic circuit 1-2-

3 and the bottom cover 9 (a < b.,,). With this structure, the vibrator member 5

is prevented from being brought into contact with the magnetic circuit 1-2-3 or

the suspension 4.
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actuator having an outer diameter (¢} 17mm and a height (t) 4.3mm produces
a predetermined vibration acceleration around the resonance frequency in the
vibration mode. In this case, an abnormal sound is produced by an undesired
contact when the amplitude of the vibrator member exceeds about 50 4 m and
the amplitude of the magnetic circuit exceeds about 600 £ m. Therefore, the
minimum distance between the vibrator member and each of the magnetic
circuit and the suspension is selected to be "50+600+ & " £ m and the minimum
distance between the magnetic circuit and the bottom cover is selected 1o be
"800+ a", where a is an allowance.

Next referring to Fig. 3 in addition to Fig. 1, description will be made of
an arrangement of a pair of lead wires 19 for supplying the coil 6 with the driving
current. 7

In order to extract the lead wires 19 to the outside, each of the lead
wires 19 can be entirely adhered to the vibrator member 5 via the elastic
member such as an adhesive to extend in a normal direction with respect to the
vibrator member 5. This, however, will bring about an unstable operation of
the vibrator member in the sound mode as described above. Furthermore, if
the input driving voltage is increased or if the vibration actuator is driven for a
long time, line interruption may be caused to occur 0 that the vibration actuator
becomes inoperable.

Taking the above into consideration, the lead wires 19 are laid on the
surface of the vibrator member 5 in a V shape, an U shape, a bellows-like
shape, or a combination thereof so as to avoid adverse influence upon vibration
of the vibrator member 5. Then, each of the lead wires 19 is adhered to one
point on the outer periphery of the vibrator member 5, where the vibration is
small, by the use of an elastic member 20, such as an adhesive, applied in a

spot-like fashion, as illustrated in the figure. Each of the lead wires 19 may be
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function is achieved. With this structure, the unstable operation in the sound
mode is suppressed to reduce the distortion. In addition, line interruption due
to the input driving voltage of a high leve! and the driving of the vibration
actuator for a long time can be prevented.

Furthermore, as illustrated in Fig. 1, the vibration transmitting portion 8 is
provided with a terminal support 13 formed on the outer periphery thereof. The
lead wires 19 are connected to the terminal plate 14 on the terminal support 13
by the use of a solder 15. The lead wires 19 and the connecting portion
thereof are covered with a protector 17.

As described above, according to this invention, the distance between
the vibrator member and each of the magnetic circuit and the suspension is
greater than the distance between the magnetic circuit and the bottom cover.
Furthermore, the vibrator member is formed into a flat shape, a saucer shape, a
curved shape, a corrugated shape, or a combination thereof and has a desired
radius of curvature such that the harmonic distortion component is minimized.
With this structure, it is possible to provide a multi-functional vibration actuator
capable of avoiding the contact between the magnetic circuit and the vibrator
member around the resonance frequency in the vibration mode.

According to this invention, each of the lead wires for the coil fixedly
attached to the vibrator member is laid on the surface of the vibrator member in
aV shape, an U shape, a bellows-like shape, or a combination thereof andis
attached to a desired portion of the vibrator member by the use of an elastic
member, such as an adhesive, applied in a spot-like fashion. With this
structure, it is possible to provide a multi-functional vibration actuator capable of
suppressing an unstable operation in the sound mode and avoiding line
interruption due to an input driving voltage of a high leve! and the driving of the

vibration actuator for a long time.
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CLAIMS

1. A multi-functional vibration actuator comprising:

a vibration transmitting portion forming a peripheral portion of said
actuator,

a magnetic ¢ircuit g_o_mpxmg a permanent magnet

a vibrator member arra.nged at a distance from said frst surface of
said magnetic circuit and having an outer periphery fixed to said vibration
transmitting portion,

acoil arrangedin  said gap within said magnetic circuit at a distance
from said magnetic circuit and fixedly attachéd to said vibrator member, and

a suspension fixed to said vibration transmitting portion and flexibly
supporting said magnetic circuit,

wherein the distance between said vibrator member and
said first surface of said magnetic circuit is greater than the
_space between the second surface of said magnetic circuit and
said cover .and

2 A multi-functional vibration actuator as claimed in claim 1, wherein

said vibrator member has a radius of curvature such that a harmonic distortion
component is suppressed, said vibrator member having a shape such that the -

contact with said magnetic circuit is avoided.

3. A multi-functional vibration actuator as claimed in claim 1, wherein
said vibrator member is formed in a shape selected from a flat shape, a saucer

shape, a curved shape, a corrugated shape, and a combination thereof.
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4. A multi-functional vibration actuator as claimed in claim 1, wherein
a lead wire for said coil fixedly attached to said vibrator member is laid on the
surface of said vibrator member in a shape selected from a V shape, a U shape,
a bellows-like shape, and a combination thereof and is attached to a desired
position of said vibrator member by the use of an elastic member appliedina
spot-like fashion. '

5. A multi-functional vibration actuator as claimed in claim 4, wherein

said desired position is a point on said outer periphery of said vibrator member.

6. A multi-functional vibration actuator as claimed in claim 1, wherein
said vibrator member is made of at least one kind of plastic film material
selected from polyether imide, polyethylene terephthalate, polycarbonate,

polyphenylenesulfide, polyarylate, polyimide, and aramide.




