;e3eh, h(()t+R*+p, 6, T, Zg -a , .13 MAR 2003 Specification Title of the
Inventlon Plezoelectrlc sensor, nethod for fixing the sane, actuator, disk
unit, and nmethod for checking connect i ons Det ai | ed Description of the
I nvention: [0001] [Field of the invention] The present inyeati es to
a piezoelectric sensor, an actuator whose distortion infoxﬁghhgaﬁgzﬁﬁg
detected by this piezoelectric sensor, and a disk unit used for suppressing
the distortion of the actuator according to the detected distortion
information, nore particularly to a netlhod for fixing the piezoelectric
sensor to the actuator, as well as a nethod for checking the status of the
el ectrical connection at the fix¥pqidricasaon .13 MAR 2003 2 [0002]

[ Background art] Conventionally, electrodes have been forned on a thin

pl ate-1i ke piezoelectric elenent by plating those electrodes with such a
conducti ve natSriaI as gold, nickel, tin, or the like. CGenerally, a pair of
el ectrodes -t °dame material In such a case. However, anong
those el ectrode materials, there have not been any material excellent in
bot h wet t abidiletzyen eguif €dsédorsoheniong randradhesi e reoid, r edthatobondi ng
wi th an adhegiye.,,fp003]4 E&@eseh%l Ifxr 2o A0NRSIvenks LI G red to have the
foll owi ng characteristics: he adhesive nust flow snoothly. (2) The
adhesive must flow into snall spaces (3) The adhesive nust get el ectrode
materials wet properly. (9) Finally, the adhesive nust be set so as to form
a tough |l ayer and keep a high adhesion. More concretely, an adhesive nust
be fluid once. For exanple, it should preferably get the object electrode
material wet with a | ow surface tension of |iquid.

Detailed Description of the Invention:

[0001]
[Field of the invention]

The present 1invention relates to a pilezoelectric sensor, an
actuator whose distortion information is detected by this
piezoelectric sensor, and a disk unit used for suppressing the
distortion of the actuator according to the detected distortion
information, more particularly to a method for fixing the
pliezoelectric sensor to the actuator, as well as a method for
checking the status of the electrical connection at the fixed

portion.
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[ 0009] For exanple,gold is excellent in wettability but not excellent in
adhesi on so nuch On the contrary nickel is excellent in adheS|on but not
exceldent in wettability so nuch. is SO [0005] Conseque t y CRZB@E of
such the conventional technique, if alead wire is to be sol der e ne

el ectrode of a piezoelectric sensor and the other electrode is to be bonded
and fixed at a predeterm ned nenber thereof, either of the work properties
nmust be sacrificed. , 13 MAR 2003 3 [0006] [Rel ated art] Under such the

ci rcunstances, the inventor et al. haveZcone up with an idea of a nethod
for bondingxgzplezoelectrlc sensor to a distortion detecting spot of an

obj ect nenber and exam ned the idea as follows. The piezoelectric sensor
was provided with two el ectrodes, which are plated with nickel excellent In
adhesi on E¥af isowded atth distortion detecting spot of the object nenber
with an adhesive as shown in Figures 9 and 10. (The configurations of the

pi ezoel ecty \Pedxsc R$QR 1 §NOWL 1 FL G eshgvgndbggnar goppEaknewn vel lygl. They
are not |nc in a.% convent i on i ezoe ectrléisensor

B shown F1r - g 001 S EPRER OF o KB art nELt B i Bee « Eheehr tdete. o

t he pi ezd&i@ttﬁﬁ@h ekerentustiavareaipdricdd dfet yleh mickeEl plEted @ eehe odes.
The el ectrpele. f awdRd 200yt he boPr sdif faGe tirsdusedr @sf ameautptih ehecssmde 51b
of the pigzoglactrig sehser andsihe el gellode TaniRg ohsfie RoLLemgurface

is used to a ground el ectrode C er eo 51c is used as a
ref er ence™pot Erfthi® altgﬁFFaéﬁ”Gf“PﬁeaﬁﬁgzﬁgﬁegF l§£n§6?e THE st 13%E of the
ground electtradde BYc ietordedian ao Histioct |%ﬁﬂ dedletiqry spotinfd t frer obj ect
menber S57padinaniadhesi ¥éhdHivd.n such a structure of the piezoelectric
sensor, however, the adhesive surface of the ground el ectrode 51c is hidden
conpl et el To av0|d this, therefore, part of the ground el ectrode 51c is
ext ended ﬁ% D the top surface of the piezoelectric element and a | ead 54
for taking out the reference potential is soldered at this portion. [0007]
I'n such asgeonddigurat iaan, aa@hdhorgh isher ggound elcect hade 3te i Sogtouhaed
surely vi MP&&&%%&% thw etk W iR STWst mggtspi&ers%ottmgm ebectgodes of

bot h outpué el ectrode 5%? round el ectrode 5%@ #g gbtlon a speci al
process i 3°heeded Toit %ﬁdf% paPH bf SRHE Sgr ouhd! el BRt ABHESBYE TPSto the
top . 139%AR 200 dsur fraterbfls he'i ersePettyic el ehentinAddy. sokke nore
measur es adieefind helistheededet osbnmpsowe hoirdm wordalyH i tayesandhedste«af 4 he

pi ezoel ecLiig $QRIQ%on. More concretely, an adhesive must be fluid

once. For example, it should preferably get the object

electrode material wet with a low surface tension of liquid.

[0004]
For example, gold 1s excellent 1n wettability, but not
excellent 1n adhesion so much. On the contrary, nickel 1is

excellent 1in adhesion, but not excellent 1n wettability so

much.

{0005]

Consequently, in case of such the conventional technique, if a
lead wire is to be soldered on one electrode of a piezoelectric
sensor and the other electrode 1s to be bonded and fixed at a
predetermined member thereof, either of the work properties

must be sacrificed.



[ 0008] The bondi ng method shown in Figure 10 is based on an idea that at

| east the predeterm ned distortion detecting spot of the object nenber 65
is formed with a conductive material and the predeterm ned spot is
grounded. The piezoel ectric sensor 61 is structured so fhdt MAR 2088 and
bottom surfaces of the piezoelectric element 6l1la is placed between

ni ckel - pl ated el ectrodes. The el ectrode fornmed on the top surface is used
as the output electrode 61b of the piezoelectric sensor 61 and the

el ectrode fornmed on the bottom surface 8s used as the ground el ectrode 61c
thereof. [fhgegl ectrode 61c is assuned as a reference potential surface of
t he plezoelectrlc sensor 61. The surface of the ground el ectrode 61c is

t hen bonded and fixed to the distortion detecting spot, which is fornmed
with a coR@ligt¢der et erial of the object menber 05 with the use of a
conductive adhesive 69. [0009] Because the ground el ectrode 61c is grounded

to the objget gﬁgﬂeEh@SCQféﬁgdaylcb@ tlehé 9§§@ntarheemeatlh0@llak}@s cagvappages
that it is Bo nee he el ectro

an
gener al - fafpo&s g%io% eﬁtWFEh%% éﬁﬁ %?Q%ﬁEIS gﬁone#LCtrlctéeBFth 8, the
met hod st 4lﬁﬁ%§ﬁaéésd&ﬁeéﬁkﬂét§P°beééu§é ﬁﬁ@e@FoﬁW@béFe@Pﬂo&@aﬂiéeﬁs
possi bl y tshoriced wad hfbhecwut putThe! getandde6ibidueehsoanwadhesiovaedexdt r uded

fromthe end @ft QQePQPQ&é‘Q PGt dhoré’ret @qaﬁgadwgh %&&e ed&@qlé%caﬁl ! y
carefully. Wien in accor g$ e Wt

Figure 1@thﬁé°ﬁ|dﬂg¥ Pre S§Fbl?lf§58?rgh%ﬁtdg??86+ngéggﬁES tﬁ thlnner
t he pi ezobbeetr membreneathbesomedesiva 3afpARN2BO315 F@@ﬁ@fs[@rébﬁeﬁﬁ to be
sol ved byrthbhe camendioin]iddsdenfsuchet hei«€ddeeretrancesenddr | Shamnmobjiact of

t he pfes%ﬂbuk@¥99t39@ i® £Hé“Hd@ekﬁthe%&EL%&kf'CT%@QSQEe that ﬂH@ﬂ%ﬁed
sacrifices for exanpl e, evenh when a lead wire is to

be soldeﬁgdapg Sﬂﬁy%ﬁtﬁéﬁé; eSkn%?%éirodes of a piezoelectric sensor and

the other electrode is to be bonded and fixed to a predeterm ned nmember
wi th an atkesiiveocec] 80dd]c | ferisprabat BapwobpectFiofir¢ he py esentctiumeensoon to

make It efficignt 4 band ghe oar %@@aeggcgko@ﬁe%lw@em&zr%l el sensor
to the c§qduct|ve ggé% on_o an hesi.ve 59 4as to be

fi xed and CoRAEcPé e%????%ﬂI%fCQF%e?é%fﬂgggﬁgﬁ |§ a shor t=dTEaE t hat
m ght ocdgrmset aeehlt heok wotidlaset r6dBEedURS 133! OUtPUdell! efer Steuck Padhesi ve.
[ 00l 2] | tchies plieebheecanot hemnsolj eotl oOhe tdleeqiresientornge@ntn orhed doprtowi de an

easi er methedcEor;destddg %emergrgnnaotelté&rgeeunﬂlcel %QEEQQ? IS @genect ed

electrlcall to.th conductlve ortion of the obj [ 001
further ano%éﬁerdobgl 5t YFhe p?esentglnven BRA-T'0 g%lal Suﬁeace o?h%% for

si npl i fy.pﬁg‘—zssﬂﬁcm? n@e%ﬁmf -as setfbl T d 2k6r reé fBF ar%&% S FHede Slc
pi ezoel edtsr iprgiedsdro to @ tagttuanodedbfchini skeamief wilteh dtheafsaeneotetrhe
above netgvod.ift@019}) [ SUABEBLYe Ofsd he i nventsueR] a structure of the

piezoelectric sensor, however, the adhesive surface of the
ground electrode 51lc is hidden completely. To avoid this,
therefore, part of the ground electrode 5lc 15 extended up to
the top surface of the piezoelectric element and a lead 54 for
taking out the reference potential 1s soldered at this portion.

[0007]

In such a configuration, although the ground electrode 51c is
grounded surely via the lead 54, the lead wire must be soldered
to two electrodes of both output electrode 51b and ground
electrode 51c. In addition, a special process 1s needed for

extending part of the ground electrode b5l1c up to the top



13 MAR 2003 The pi ezoel ectric sensor, which is a first invention in this
application, has a first electrode forned on a first surface of a thin
plate-like piezoelectric elenent and a second eIectrodeL?o g second
surface of the sane piezoelectric elenent. The first et th@% 2@D§orned
with a conductive netallic material of nore wetting properties than the
second el ectrode and the second electrode is fornmed with a conductive
nmetallic material of nore adhesive properties than the first el ectrode. For
exanple, the first electrode may be plaged with gold and the second

el ectrodgef:@/c@e | ated, i ek V\}Fn C;}&QA@ A d's%gnet%o&@eln@sgbpgsf or

fixing t i ezoel ectric sensor, IS anot invention In

appl i cat #6f, fPﬁt%?HeWeqq?dbéﬁdJﬁﬁEOﬁFe?BEhe%??5QPl§éﬁ§o?nﬁnFﬂ55n05d5%§|ve to
an obj ecpraerbercwhioseedsstortion is to be detected, a predeterm ned
portion of the object menber is formed with a conductive material and the
second elsgﬁ gde of the piezoelectric sensor is bonded to the predeterm ned
portion &A non- conducti ve adhesive, then pressed with a predeterm ned
pressure so as to be hardened and connected electrically. In this case, the
adhesi veThaybbedang anagrabistiophot.o- segtingl bne HaBU6nThe adtaatbat which
is furthge anothercidvenbiore in i saapRlriceahi Qbree@Ryi SPStaActyat or arm
hel d rotaglongllgm thg@ a preggg r 1ﬂ?d rg&QSIQEQ Cﬁ§E8?§€ agnéegﬁ%
partlally con%uctlve na{ novi Ng . COI i %e actuator arm
a_statorPﬁﬁﬁﬁ%$r%ﬁﬁﬁbﬁ§¥$ngSmﬂfﬂuWﬁﬁinnﬁ”ﬁgp&SFPe%%ﬂﬁﬁﬁb6§§sarvéﬁcésCO|
not or andtrotateed hesactiuattor tdvem tapd theé aboVeonpi ezadlagetsri efsenhksor. The
second ebgetbodecofid hapiezeel ecsrits seNsEkd spbeneed t.0 Apredetean ned

conduct 1 ¥§ BOLLLEN. T offed Whohhe, Sandlet] (acpberLal i 03 ca L3 M R

2003 non-cond det er i neg gressure
so as tothe ﬁéFH%ﬁe%ﬂ%ﬁﬁf99§nﬁéEt@8 %h%xﬂ%qa9§ﬂF9tr{?KﬁQHSOFhéldP§Q Rft
whi ch i seflarthede afiothet onveéhei ontiomt husfappl icatson, asnchadgsottheé above

act uat or candtacgoOntgiel eid @i, forrneondrRlddrbag a1GUr L entaskhwiingd nat he
movi ng C%‘% SQné‘é ;p%t%%%%fs%utr%cg' sfor i on gL &Qfeﬁﬁ}l%atg’%n&ffn agcording

to a detec iezoelectric term ned

conduct i V&€pott |soﬁr6Uﬁd§6°UP60F§FCFE??%eFﬁﬁrés d?&ﬂ?d?ﬂ@d?% #RE net hod
for checKimgdconnebti dnstomhiah degeturbhespanotwiarch nverfoiroad| ALthi 8
anIicagb@ﬂduatleétmae@iuélcﬁft@ﬁaahg@gkig@gbaenﬁecﬁhombbﬂém$§@ bheaseﬁogd
electro i tri,c sensor bonded with the above fixing netho
and the %Fg 8?2?%?&2 péﬁ%l%h of the object nenber is fudged by the
conparison of the capacities, capacity between both el ectrodes of the

pi ezoel edt0¥P81sensor before connection with capacity between the first

el ectrode of the piezoelectric sensor and the predeterm ned portion of the

obj ect W%%*a%ﬁs@ft@{e cg@@&@&lgmecip&ﬂéldﬂ qéerg&qne@taodamegi Rrguee 1

shows a to K unit ment the p

of r nt
Cnvent Foftonetg P Bl N HaEEEPhe DM oRnae rat A A an COF tan
act uat or igr mi-8 tivat nhefddca fpEiecopny1@dead to the electrode and a

general-purpose plezoelectric sensor 1is employable. In spite
of this, the method still includes an anxiety; because the
ground electrode 6lc is possibly shorted with the output
electrode 61b due to an adhesive extruded from the end of the
bonding portion, the bonding must be done specially carefully.
When 1n accordance with the bonding method example shown 1in
Figure 10, the higher the possibility of short-circuit becomes,

the thinner the piezoelectric element becomes.



[0020] In Figure 1, a disk 2 Zs held unitarily at a hub 5 of a spindle
notor 9 di sposed on a base 3 and the disk 2 is rotated by the .13 MAR
2003 . spindle notor. Actually, there are a plurality of disks 2, which are
di sposed in the axial direction of the spindle notor and' §tMR1 A h a
spacer (not illustrated) therebetween respectively at prede 1 spaces.
[ 0021] The actuator arm 8 conprises a suspension arm assenbly 6 (Figure 2)
and a coil support assenbly 7. In the suspension arm6 are fornmed arns 6a
(Figure 2) in six layers with a space therebetween respectively at
predet erm ned spaces and hold a suspension unit 6b (Figure 1) at the tip.
The actud?®t®arm8 is held rotationally by a rotary shaft 9 inplanted in
the base 3 and erected therefrom [0022] At the coil support assenbly 7 are
formed coblolsURROIES bes sanded b ahehehdéngidie flat coil 10 at the opposite
side of the suspension armassenbly 6 with respect to the rotary shaft 9.
[ 0023] The flat coil 10 configures a voice coil nptor rTéher eafter, to be
ref err edUB8eas SRR VER) CRLACEBOPEI S ontwith & sPRIGTE magnkbe (RoESent
illustratedinfined to aproapper s atprezragrettrhol deentdr (Fibare feveirxed to
the bases3dcabpyved hgnf!l atr GRIdk LranRdtaes] atror ragRGle 16 iexed. i aal over
stator magngt,hol der A7 (Figing 3) o he deserpbed [atar.. [00231 ;The VOM
arm 8- rn the directi ow A"or B. Thi

rot at es € actuator ction of e ar s VCM

i s conmbi REBZAFIIF HHE atetERAora et e t oF oo EPd4ctifat ot 29. PYRECUpper
stat or magdefited der al bregsehetrched akmbhe wpperanmaidhepovéi on as shown in
Figure 1 and the external shape is .13 MAR 2003 a indicated with a broken
i ne. A|§78 ynder the flat coil 10 is disposed the | ower stator magnet

hol der 1 90r hol di ng the stator magnet 16 on the base 3 as shown in Figure

3. The magnet hol der 17 holds the stator nagnet 16.
It 1s another object of the present invention to make it

efficient to bond the ground electrode of the piezoelectrac
sensor to the conductive portion of the object member with an
adhesive so as to be fixed and connected electrically, thereby
preventing a short-circuit that maight occur between the two

electrodes due to extruded and stuck adhesive.
[0012)]

It 1s further another object of the present invention to
provide an easier method for testing whether or not the ground
electrode 1is connected electrically to the conductive portion
of the object member.

[0013]

It 4is further another object of the present invention to
provide a method for simplifying both wiring and assembling
works for disposing the piezoelectric sensor to an actuator of
a disk unit with the use of the above method.

[0014]

[Summary of the invention]



[0025] A slider 13 is held at the tip of the suspension unit 6b (Figure 1)
hel d by the arm 6a of each of the six layers. At the predeterm ned position
of the slider 13 is disposed each head (not illustrate r . r.eading and
witing signals. If the actuator arm 8 rotated in the giéLiﬁAt%?@bgthe
arrow A noves onto the recording surface of a rotating disk_ 2, each slider
13 fl ees above the recording surface of the corresponding one of a
plurality of the disks 2 so that each head faces a recording surface at a
predeterm ned space. [0026] A lamp 19 (&igure 1) disposed on the base 3
[ecel ves ghile J.ah k3.8, £ sebhafien,hng, aclual gf -at M ba: ol oadedyand stays

at the hone 6%SI tion forned at Ip o each suspensi on uni t
6b. The 6P@%68FEE@?1Ch%%ﬁ§6Prf§ 8%?%%?%“%%ﬁ5ﬁ§908 of %bﬁ?%é%{ f§ficoP a
portion wherernt ipdatei-Likeipporiocpdts idi spesen; and henscormverdlsctiheddet ect ed
distorti %rh@daﬁnaaecslé’d-o%dsisglrl}&lacéOol@e taut puhe Phezegidcisupparitenéhti s the

obj ect mapher <\ sposel Lo e descrihedd aper, [00%%119@:?% %%qéﬁnem of

conflguratlon t he a Figure n an e

t he preséﬁFthéenPﬁoﬁwr?o“@FﬁbP?f9rPH%r?¥qﬁnﬁW%ﬁ|?ﬂ? e SusHETSE8Aar m
assenbl y a@d( Rilgurseecbndofe liekké rad¢ uas ofoamed 8wish om toedhdterve, meataddditi on,
al t hough r@rlky it hec stadQr JRERele 1frdperthbusthat ecthd FaifFkgueeedsragt.ual ly a
het er opol ar stator magnet is al so disposed on the upper stator magnet

hol der 11 ( Figure 1 ) as describhed above so as to face the stator magnet
16. via a forrate’edPLe10.rehd et Stect1givnRe 2088 Raghet 16 hs9Refd2af the

| ower st dther seagneét e ot tderdel fadi spasied egnwihe bagel3 (Figure 1). [0028] The
flat coil 10 conprises sone portions; side rins | 0a and 10b extended al ong
different oqRes in the radial direction so that its center becones the
rotation cent r of the actuator arm8, an outer rim 10c extended

approxi mately along an arc whose center is the rotation center of the

act uat or Paromr8rnandoanthienneetiradn 49d éxtendedhapproxéaiedadiry calemgoan ar c
whose ceRfralcni 14 hensoiat i oRveeniter of thes aebgm@atlaﬁm 8in Theaepi |t010 i's

coi | ed appy, %XI % e Xeéé?ﬂ}éé@&%% assehns%rf %l@ha é:ljl Ogﬁgegﬁ} %t Eﬁt Q)%j

descri bed above. e cal rOX|nateI trape20|d

with |ts“fedﬁ§>vefsi“&é%%e[6eéé?rrﬁﬂ'r?él|ba/er ta?ordeﬁﬁgﬁe‘f‘ hél d@?e%teﬁf&l% t he
st at or nmEgpyetions ¢h tthe | obkkecpomenbnrofis hdotihad coith 16. Jridicgtator
magnet ldtsrhannecdsaHehaledohe sihdetrbad bOarpadplOboefedthe of isathseei | 10

cover st Sboldil [ cIDKDO 3e8es esRSCt sl and dhe, N.pol e dfa.and the S

pol e 16b are united l6c er ebet ween own I n Figure 3.

The upper*¥¥EEt8F ndghst p.resa?%owzsb?rpasBae%tet%ne&nerﬁaﬁur? nSPhit§ ¢&se,
however, Xéhéradpoke #rdfommedtsd asettorfcadévythe |ower S pole and the S pole
is formed so as to face the |l ower N pole respectively. [0030] As descri bed

above, the flat. cohkl. 1045 digposad 2% 8t Qnoengrabs; an,ghestsQmagnetic
action between the stator magnet 16 and itself. Therefore, if a current

flows intHe flat coil 10 in the direction of the arrowm then a force is
applied to each of the side rins 10a and 10b in the direction of the arrow
E which ifdiledtes its rotating direction. The actuator 8 can 13 MAR 2003

The actuator, which 1s further another invention in thais
application, comprises an actuator arm held rotationally within
a predetermined range and composed at least partially of a
conductive material; a moving coll held at the actuator arm; a
stator magnet cooperating with the moving coil to compose a
voice co1l motor and rotate the actuator arm; and the above
piezoelectric sensor. The second electrode of the
pliezoelectric sensor 1s bonded to a predetermined conductive

portion formed with the conductive material with a



thus be rotated cl ockwi se. On the other hand, if a current flows in the
flat coil 10 in the direction of the arrown, the side rins 10a and 10b of
the flat coil 10 receive a force respectively in the direction indicated
with the arrow F (rotating direction), so the actuatog 3 bgﬁgq&ﬁggd
counter-cl ockwi se. The flat coil 10 cooperates with the s r net 16
such way to rotate relatively to each other. This is why the coil 10 is
also referred to as a noving coil. [0031] The rotary actuator arm conposed
as descri bed above has a resonance point referred to generally as a
butterfly node. Figure 9 is an explanatory view for how the actuator arm 8
i s di stortEIBYIresbHancdE e Ytr e 41D Eﬁ%ﬁée heéd&t udt oP AP ThE™BEEEre it
i s distomtredsand ¥ g ec0pb) hahdewed hedacrbatorearmh®twarpeétdyto the left.
Figure 9(c) shows the actuator arm 8 warped to the right. [0032] The
piezoeleq%bhg]sensor 18 fixed to the coil support 7b is set so as to detect
expansion in a left-warp and out puts an expansi on/contraction signal from
the output electrode to be described |ater. The signal includes a plus
vol t age dmea deviel uocotr espordi ngs t duribeexparrsihen. Tieergersor 1118 tdetsect s
]g:ont r aﬁt ia%lilaa@lfxil ,ghlnt\é\ﬁfc&_lgﬁ-rtdleplétblé?tefs aa:augx@@nm@né cont i aat i@&c@ilgral |
romthe output .electrode. e sig i.nc a age qn eve
correspoﬁ%ﬁn&opgrfﬁgl%%n?rgg f%ﬁﬁ ?ﬂi?% ﬁ#bﬁ?f §Q$§H§ %ﬁgékggigérgﬁlfor an
exanpl e GMPRIESAL IB1e sYETEMFOR cOnt FBFI i45d eheT actWat dFCAF 100t FQured as
descri bedledbotedi n smdrarld diskn unitheof piregeleséntci nwemtsicon. The Taet uat or
12 out putssedeteph ol td ausikgnal pst feceisvadofingma. 13 MAR 2003 12 a head
20 and an expansi on/contraction signal sl output corresponding to the
expansi on/ contracti on of an object nenber detected by the piezoelectric
sensor 129948 racking control circuit 22 takes out tracking error
information fromthe reproduction signal s2 and outputs an operation signal
s9 to an raddeerR3dre Thecopeliald o signdlet3ddl Fousedet 01 69ONEEMhedthe s, acki ng
accordi ng, 1ot is f%!r“cﬂ%r' QRQ{M'B{ben[t%ﬁ“]mAftPEQk!ag%l&%‘éfo‘?ﬁ', Gl neuit 21
recei ves the expansion/contraction signal sl fromt pi ezoel'ectric sensor
18 and odtSFits ar®foper'it i di-eSitgnar ! s5CPBPEhE Hddere 2% Mt hdiéby TG ol | i ng
t he actuatlectidso s tloe spppreskedtre cexpargironpeottd act flonthghekadder 23
adds up theiegerattiof Siaghal sns9 paade s&rmimer epyrgener atfi nghan Addictd on
signal s Redriiui NG ELECHLT (74 OUEPILS & Qi ViAg GUEESPLeS3 éﬁopatélec_y
actuator 12 accordlgg tg this addltloq S|%ﬂgl s? so as to be f own 1N t he
flat coi IPTHePhe?®by SrEvihg the VOMST HEZQELEAL G 15 FBH351° R Eor di ng
to the cEHMMEICtayst evatdf tdr@cacvudiedmes2 confi §ured ascdesedd bed atheve, the
act uat or pghi2zeanesuppt esseridre resonaice @firetibechuiret f lppronde tder evfe and
control s dfhekrackibng Ofcdhefaededisk unit ordinarily. [0036] Next,
anot her configuration of the piezoelectric sensor fixed to the coil support
7b in an enbodi nent of the present invention, as well as its fixing nethod
will be dé¥drilbed. The external size of the piezoelectric sensor 18
conposed like a thin plate and used In this enbodinent is small as shown

bel ow. Lengtdel) ¥ MWt ¥ Thi ckness(T) - 9.0 x 1.6 x 0.19(mmj

Figure 1 shows a top view of a hard disk wunit 1 1n an
embodiment of the present 1invention. Figure 2 shows a
perspective view of the main portion of an actuator arm 8 that
holds a flat coil 10.

[0020]

In Figure 1, a disk 2 1s held unitarily at a hub 5 of a spindle
motor 4 disposed on a base 3 and the disk 2 1s rotated by the



13 MAR 2003 13 Figure 6 shows a perspective view of the piezoelectric
sensor 18 fromthe position indicated with the arrow h shown in Figure 2.
And, .Figure 7 shows a cross-sectional view of the sensor 18 at the line A
shown in Figure 6. [0037] As shown clearly in Figure 7, the pi | ectric
sensor 18 is structured so that the top and bottom surj &W\ﬁff‘mﬁ

pi ezoel ectric elenent 18a are placed between el ectrodes plated with
different netals. As to be described later, the electrode on the top
surface is plated with gold and used as8the output el ectrode 18b of the

pi ezoel egtr | e r..and l.ectr f d o t ceg IS

pl at ed w%%ﬁhﬁ%ékgﬁggﬁd uégggﬁglghe‘3%%Snghgfé%t?%%ggE§§% ﬁﬂ}%ﬁ5§§ gésuned
as a ref @PdRtepbt EAEPAFCEUTT AW e PirEzbePectti TS et G038 | f
this pi ezoel estatkedensiorh 1& | sphicked atofa prlddeterftaed porndiortweent he
coi | suppekbedbiforyred, freteeXxanPhen sMatBsconductive al um num and grounded,
the surface of the ground el ectrode 18c of the piezoelectric sensor 18 is
bonded to the predeterm ned portion with a non-conductive adhesive 23. At
this tind00Rflthe | ayer of the non-conductive adhesive 23 is thinned
enough, the roughness of both adhesive surfaces functions effectively to
directly gg@nt getuang canpect tdgpe@iksSUPPRLELPERs 16h t hengr osdhielectr ode

18c electrically. .[0039]. To nake the.a i | gyer .as in Qssi bl e, an
anaerobiéEEHBF%-gétFW%gE%dﬁ%@?V%?ﬁRg%ﬁs%E%%#ﬁgyaghesf@% %i%l%ﬁ%%%%g&chosity
and fl ui @8nSughicak@rBReef FBht 63 nt Kt EEbA) i £, SEOr L @%&HI 8, h32619%R09¢ (tr ade
nanme) nankkaebaredehy re€CdtTEdInc. aw bkedetsuitral| esrassesucdnd heoadhesi ve.
The g_roug@\iﬁlﬁgiégd@n;@c%s(pigaheéi W tde nirekelup Whighe i wexeek! ept ign

adhesi on, & dSUCQa%QognP€J b!%iRQQ%%&S%BSEEQ9QQHS§£A%%A %ﬂﬁ%%%‘basblg MAR
p

2003 14 fﬁb An “anaer obi oto-setting adheSive 1s an adhesive having
bot h anaer éBFcefranaet obic<d HarPleni ng) and photo-setting properties. Epoxy
(meta) acrylate, etc. are well known as such the adhesive. Anaerobic

(anaer obi[@ohagdeni ng) nmeans a property that adjacent two surfaces are

pol yneri zed and hardened when the air is shut out from between them [0091]
This is why such the photo-setting property is used (for exanple, by

i rradiat ifftg @§ FottasSYPBPEE #E5ETV) ) 133 ShdPdBR%t Re et MpHETY of tHE' obj ect
menber (eXpoSed poldiron Wi chlits notl hdp dehedhet vaosste aniest pddeade

por tion) sdshenebynshut td NEreul they & redspemt be obj ectcarpnbrirsoot hat the
anaer obi ¢ adhesive is hardened and the nenber is hardened and adhered
entirely. Such an adhesive having bot h anaerobi c (anaerobi c hardeni ng) and
photo-setW%Wﬁ]properties will thus enable things to be done favorably.

The flat coil 10 configures a voice coil motor (hereafter, to
be referred to as the VCM) in cooperation with a stator magnet
{not 1llustrated) fixed to an upper stator magnet holder 11
(Figure 1) fixed to the base 3 above the flat coil 10 and a
stator magnet 16 fixed to a lower stator magnet holder 17
(Figure 3) to be described later.

[0024]

The VCM rotates the actuator arm 8 1n the direction of the
arrow A or B. This VCM 1is combined with the actuator arm 8 to

compose an actuator 12.

The upper stator magnet holder 11 1s notched at the upper main
portion as shown 1in Figure 1 and the external shape 1s



There is al so another nethod enpl oyable as a conpl enentary neans so that

bot h photo setting property and thernosetting property are enployed to rise
the tenperature to nake the adhesion perfect after the object is photo-set
quickly. [0092] As a result of testing, it was found qhstNVﬂgégj trical
resi stance between the coil support 7b and the ground‘ c becane
about 0.5 to 0.9[S2], which was enough to satisfy the requirenents on those
conditions when a | oad of about 1.9[N] was applied to the adhesive surface
whsl e t he adhesive was setting. 13 MAR 2003 15 On the ot her hand a |lead
wire 24 vas solq§red to the ' ,out put ¢ el ectrade 8b tggefhe@d e, yas used to
| ead t he exb5%5|onycontrac{|on Si naI escrﬁbe addt t|on °t he
adhesi ved26Pedser &8 car g tﬁ*‘ea‘é‘%ﬂ dB? &R hoFPLORC 367 sfocfo b‘PJe%ﬂéiﬁ the
cut-of f etatbe hegdewi re&. crhi sheubpat &l ecd r sdewri8bhnwasgpkat €d w rhegol d
excelIenhapgeweﬁgfggg|lﬁyhgﬁd§oUQ§gﬁa&gQ4§L gfSt described above, in case of
the piezoelectric sensor 18 of the present invention, one electrode is
plated with nickel excellent in adhesion by an adheS|ve, and the ot her

el ectrodeéOP8Spl ated with gold excellent in wettability of sol der.
Consequently, the sensor 18 allows the bonding and sol dering works to be

donftegSthsle% welt as nﬁéﬁiggth?degﬂ%'F¥'ﬂgthQ§§x§#ﬁ%hrgﬂ§§;t@obe
omtte ince y y col ared __di re ol d.an ray

t hus not ﬁp r%ozg BFig % gﬁﬁcérgrESrg |ﬁafﬁe Eaﬁu?agfﬁr}ﬁ goceége but
also to ﬁééuéﬁeﬁﬁéeﬁﬁh@#%c?ﬁ?lﬁgnbo%i tP@OQh}d¢mr%ﬁe#ﬁnﬂéspbé@éu§écbhe
pi-ezoel edkbtdc (sensorl it dadhedpr €ésenteaditentanan wirs t f hxedh g itshat 1tthehgr ound

el ectrodg 18g¢hs QQHd@dr@k%%8&|XnaQﬂeC%ﬁ@@eEﬁgheL§CEBéC§kL¥th tes

conductive, co n-cor Y hesi v short-circuit
occur s bgpﬁﬁekk? %?e%%ﬂm&ﬁ@ﬁf?ﬁg %g esiVé ﬁggex%rgdgd ?m% Sqﬁ'é}ieén “of the
bonded pdértEenabnde stk adverengosasiace cdniéet ceree gruulididelcaet péde 18c to
the out pghuekectyode 18b. chORYSp Nextthaan ealcecCtidacalfacennecticonrdghgcki ng
net hod ofs the.present, idventiPR-Mdl e described. This nethod is applied
for whether or not the piezoelectric sensor 18 is connected electrically to
the conductive coil support 7b after both itens 18 and 7b are bonded with a
non- conduéPrée adhesi ve. Q13 MAR Q03 Because it is very difficult to
check an electrical resistance between the coil support 7b and the ground

el ectrode Ji%ﬁpdmetmcyuﬁ@ 13S dtlgpggggkofsum tkﬁ%eebe%ééi?\?’és cGeRnNeGhL @B

Lher ebet ugens sLe GARACLLY, belusen Lhg bead whig, ag]gt*}%y%ugeutche
el ectrodé 1 Ef
home p051t10n The tab 1s formed at the tlp o each suspension
unit 6b. The piezoelectric sensor 18 detects expansion or

contraction of a portion where the coil support 7b 1s disposed,
then converts the detected distortion to an electric signal to
be output. The coi1l support 7b is the object member disposed
to be described later.

[0027]

Figure 3 shows a configuration of the VCM of the actuator 12
(Figure 1) 1n an embodiment of the present ainvention. To
simplify the illustration, the suspension arm assembly 6
(Figure 1) of the actuator arm 8 is omitted here. In addition,
although only the stator magnet 16 is illustrated in Faigure 3,
actually a heteropolar stator magnet 1s also disposed on the
upper stator magnet holder 11 (Figure 1) as described above so
as to face the stator magnet 16 via a flat coil 10. The stator



As descri bed above, because the piezoelectric sensor 18 is structured so
that the top and bottom surfaces of the piezoelectric elenent 18a are

.pl aced between the output electrode 18b and the ground el ectrode 18c, the
pi ezoel ectric sensor 18 al so has a capacitor property. The capacity of the
pi ezoel ectric sensor 18 Itself configured such way i 4 3bMAR6ﬁﬂﬂ3 pF] .
[0097] On the other hand, if the |ayer of the adhesive 23 is too thick to
connect the ground el ectrode 18c to the coil support 7b electrically, both
ground el ectrode 18c and coil support Tl with a non-conductive adhesive 23
t her ebet ween .have a capaciLfo roperty.r ect | I.S st gggps t hat
t wo capégﬁygﬁéqéféSc%ﬁggc?%d&gng§ﬁ¥y%gg?§geﬁ£%%§!¥g¥ﬁgéuézo?%§% and t he
ground ePecirodesesé. (Fh@Gapdcity between the coil support 7b and the
ground el ectrode 18c thus becones several tens of [pF]. [0048] Like this,
the capaghdysipbetween the lead wire 29 (or the output el ectrode 18b) and the
coil support 7b is reduced to a very small fraction of the normal value if
the electric connection between the ground el ectrode 18c and the coi

support e iSldthpedifledf. COBRMSEftferftoly, PREF&P1E hesY%eZd8Fedt i tnee¥or 18 is
fixed, té&etaapacidlprngetdigenréhe | aas win etk eghatlheioat putn et @ctiragde 18b)

and the £oil -SypPOrteddhdsS tiRasWedi8nd 6REPAr 86 Whihatheacapasht g bet ween
t he electrode%§18b.andé%80 e.the Qlezoelgftrl sensor 18 is, fixed,

bef or.

t hereby fuddng t Heth iﬁégen?ﬁ% PRRT 20017 Pestift7%f “Fhe’sl etitical
cannect i ean bRt ween thhe rgtatine ereetebdef 188cafd tHRECEoRFNs $ppatd 7 [ 0099]
[ Advant agese of ritel ddvertdraiel Apeoogimgrdly arloewbad rent wobse heeptreasent
} nvené' O!ﬂ? h@g_@?%"é@a@lt&@'{er&ferlelo%(:tt:h@d?%ctjzggt@f‘eapd} e%.olel @f’é r&@%ﬁem?fs are

ornmed w eren rials, selecte ropriate 0, externa

connect | SRELC o%%P%F%%¥383é5%6§ﬁ§ esgoﬁﬁégggdggglt%ef%o%%%n?%ﬁbay%%h
sacrifickhg ef¥ier dsscrreehor kePropert ités, €9eh when ohe "lMéct FOHREEY s to be
sol der edapptothe: tatllyen 1 ek ect roge zios dt @1be bondedrwstea. adhesi ve. [ 0050]
Furt hernore, according to another enbodi nent of the present invention,
because @ggzgiound el ectrode of the piezoelectric sensor is bonded to the
conductive portion of the object nenber using a non-conductive adhesive,
extruded adhesive never causes any short-circuit between those el ectrodes,
t her eby the boweh ngtamenk megnebehdoirer édsibloydantdhé hetavork methieti eéhcyni s

i mprovedtppr @owéQO%}tf&ét&erm es1ecause 1toh]§ piraz0ekeebki Ga§easors of ht he
present invention 1s .haon t e or e . t he
above enbodi ren QWT%HQPﬁe%ggegbégt%Q&%gg%eaﬁgt%%%,Ogﬂég?g?éEeEQEE %?entia
surface 6PVEhe™BFEzGdl dCHE c "S¥AEBr &2 r SGABBTC N ectanf vilf thePrdf |
support Tbaofanhe tdot ust opohe mléBneagk thertdche witber & allowaid rvhuséde

om tted, thhesebywd h Wshbg andassenBly works can be sinplified. [00S2]
Furt hernore, because it is possible to fudge whether or not the

The upper stator magnet is also composed in the same way. In
this case, however, the N pole 1s formed so as to face the
lower S pole and the S pole 1s formed so as to face the lower N

pole respectively.
{0030]

As described above, the flat ce1l 10 is disposed so as to
generate an electromagnetic action between the stator magnet 16
and itself. Therefore, 1f a current flows in the flat coil 10
in the direction of the arrow m, then a force 1s applied to
each of the side rims 10a and 10b in the direction of the arrow
E which indicates its rotating direction. The actuator 8 can



, 13 MAR 2~~3 18 ground el ectrode of the piezoelectric sensor is connected
electrlcally to the conductive portion of the object member, to which the
.pi ezoel ectric sensor is to be bonded by neasuring the capaC|ty bet ween t he
out put el ectrode and the above conductive portion, operation failures to be

caused by such an inperfect connection therebetween 1: Rpﬁ@&anted in the
hard di sk unit that enploys this piezoelectric senso n1the above
enbodi ment. - f Brief Description of the Drawi ngs: Figure 1 is a top view

of a hard disk unit in an enbodi nent of'!the present invention; Figure 2 is

a per spe%hyeb\él eﬁ&t%ftehh%l%@kalggrtl & oéheano@céwaﬁ@fm armg for cnekghag a
flat coil; Figure

confl rati the main rtion of a VCM of an
act uat or L RTgurR Eh?lfh% raties § dlsggFtﬁéﬁe%¥l?he ac ua@gfogrn18g%2used by
resonanc€ief tH@shutGer iy rBBe:of Fguiéab i91a Hilocke i ‘egr a PL&e cont r ol
system f eespeat 1 wily ngrt hehactdataartiohi guneér ntiesl awpehspeed i vervivewrof the
p'ezoe'eQEBtQtéﬁfsoQu&%cEE8H3the:&PS'EhQn 'éE%dE%ﬁ%d wth £$e kel in
Fi gure 2; ? IS & Crogs- gitlona]_v%FM/ % %gf ctric _sensor in
an enbodi” eEﬁc%3ﬁ§“BF§senF Fnvehti ot Fi GF@pﬁr?FT sty *héW t8 fi x the
p|ezoele@?@hétsb%s%#ckﬁwﬁwu§0pﬁé§éh? i?ﬂﬁ%ﬂyeéﬁ tri gaele Sha-ust'hatesshow to
bond thewayez@@l@mmrlun 3enadso of e tdrercar €5€at 4 nwenhigoBoon. t he basis of the
inventor's idea; and .13 MAR 2003 Figure 10 illustrates how to bond the
piezoeleﬁé g%sensor of the present invention on the basis of the

| nvent or' [ Description of synmbols] 1 ... Hard disk unit 2 ... Disk 3
Base

The rotary actuator arm composed as described above has a
resonance polnt referred to generally as a butterfly mode.
Figure 4 1s an exXplanatory view for how the actuator arm 8 1is
distorted by resonance. Figure 4(a) shows the actuator arm 8
before it 1s distorted and Figure 4 (b) shows the actuator arm 8
warped to the left. Figure 4(c) shows the actuator arm 8
warped to the right.

{0032]

The piezoelectric sensor 18 fixed to the coil support 7b 1s set
so0 as to detect expansion in a left-warp and outputs an
expansion/contraction signal from the output electrode to be

described later. The signal includes a plus voltage on a level
corresponding to the expansion. The sensor 18 detects
contraction in a right-warp and outputs an
expansion/contraction signal from the output electrode. The
signal includes a minus voltage on a level corresponding to the
contraction.

{0033]

Figure 5 1s a block diagram for an example of a control system
for controlling the actuator 12 configured as described above
in a hard disk unit of the present invention.

The actuator 12 outputs a reproduction signal s2 received from



4 ... Spindle notor 5 ... Hub 6 ... Suspension arm assenbly 6a ... Arm 6b

Suspension unit 7 ... Coil support assenbly 7a ... Coil support 7b ..
.Coil ,support 8 ... Actuator arm9 ... Rotary shaft 10 ... Flat coil 10a ...
Side rim10b ... Side rim10c ... Quter rim10d .. ner . Upper
stator magnet holder 12 ... Actuator 13 ... Slider gr Abﬁ%dﬁ3 . Tab
16 ... Stator magnet 16a ... N pole 16b ... S pole 16¢c ... Boundary 17
Lower stator nagnet holder 18 ... Piezpelectric sensor 18a ..
Piezoelectric element 18b ... Qutput el'ectrode 18c ... Gound el ectrode 20

Head, 1214 zoBﬂﬁ&i”%. OQ&thSQbﬁﬁéBﬁtﬁ%%tlon Ts apkiing sgontebugi reui t
23 ... Adhesive 3 q} Wre q: Adhe5|¥e zo 13 MAR
2003 . corresponding to the expan51on/contrac 1on of ‘an objec

' detected by the piezoelectric sensor 12. A tracking control

circult 22 takes out tracking error information from the
reproduction signal s2 and outputs an operation signal s4 to an
adder 23. The operation signal s4 1s used to contrel the
tracking according to this error information.

[0034]

A braking control circuit 21 receives the expansion/contraction
signal sl from the piezoelectric sensor 18 and outputs an
operation signal s5 to the adder 23, thereby controlling the
actuator 12 so as to suppress the expansion/contraction. The
adder 23 adds vup the operation signals s4 and s5, thereby
generating an addition signal s6. A driving circuit 24 outputs
a driving current s3 to the actuator 12 according to this
addition signal s6 so as to be flown in the flat coil 10,
thereby driving the VCM of the actuator 12.

[0035]

According to the control system of the actuator 12 configured
as described above, the actuator 12 can suppress the resonance

' cf the butterfly mode thereof and controls the tracking of the
hard disk unit ordainarily.

{0036]

Next, another configuration of the piezoelectric sensor fixed
to the «c¢o1l support 7b 1in an embodiment of the present
invention, as well as 1ts fixing method will be described.

The external size of the piezoelectric sensor 18 composed like

a thin plate and used in this embodiment 1s small as shown
below.

Length(L) x Width{(W) x Thickness(T) = 4.0 x 1.6 x 0.19[mm]



.13 MAR 2003 -21 Cainms: A nethod for bonding a piezoelectric sensor to an
obj ect nmenber with an adhesive so as to detect its distortion, said
.pi ezoel ectric sensor conprising a first electrode forned on a first surface

of a thin plate-like piezoelectric elenent, and a secfadbﬁgﬁgayxge f or med
on a second surface of said thin plate-like piezoel ec wher ein
said first electrode is formed wwth a conductive netallic material with

nore excellent wettability than said second el ectrode, and said second
electrode is formed with a conductive netallic material with more excel |l ent

adhesi onFtlgapeS@' drblist, SlechEodese Said, et Nodk coIpIdetieRdribesheps of

formng a _predeterm ned porti o onductive naterlal

of said obj
bondi ng 481 4TSBCOMA B SHrR0de OF CB i Sy SOFeat PP LerOr 68 Lapnre
pr edet er @i-ne@nPgor Fiowrani t Fshewson- @éﬁﬁiﬁﬁﬁqpéoaéhegi%% 1% Yreoviedecn bdnded
portion; aandnpr essd g ssakel handegiqors.i on with a predeterm ned pressure so
as to be hardened and connected electrically. 2. A nmethod dependent upon
claim11 far _checking connections for testing an el ectrical connection
bet ween s3°°d’$econd el ectrode of said pi ezoel ectric sensor and said
predeterm ned portion of said object nenber, bonded using said bonding
met hod, sai dheheckirg et hed momRe S, ng;hTehQn&TzeBl@f:tridjdgérﬁ’tg)ra t@estsresult

of said %'t%t:qlf@é conn Aton%xe”&%gcoqna“ﬁe?&&{ g@%ghggesofcaeﬁg'ty

bet ween bot h el ectrodes sai i ezoel.ectri c sensor connection with

capacity p&&?ﬁﬁ%ﬁcg%ﬁ%iﬁ%?%ﬁn H@@tﬁ6&epﬁfcgglBEEV%?béfg%FFPSe§eﬁ%BFe%nd sai d
predeteerﬁéddp@ftr@ﬁ:0$ﬂsdﬁd oBpett pembmcrabedr lebenectticosle8trdfie net hod
accor di ngnt anel aiof buefalde WBEpEhtesSalttd idsiad elnectusede aiss tpkabedpwtt h gol d

and said -igg_g?gdg' §GLr ogle kﬁepmgggemml@ C@sor ad® MAR w1231364.4 The

met hod acc n an al s rei i'd adhesive is an
anaeroblgoﬁﬁ8?og§eFPFnéogﬂﬁ%sﬁWﬁ§aQRnléc?&ﬁf%ﬁ W éhnﬂﬁ%ﬁ g?"4n“aetudfor arm
hel d r ot d&hieonat dynani ?hﬁﬂtao®¢edéterwﬁn€@-ramgésahme@oﬁﬁos@dl&ﬁetéaS@

parti al | yoaknaigonsuctdase cratpei gz @AY KDY ©oidorhel d at sai d act uat or
arm

{0038]

If this piezoelectric sensor 18 1is fixed at a predetermined
portion of the coi1l support 7b formed, for example, with
conductive aluminum and grounded, the surface of the ground
electrode 18c of the piezoelectric sensor 18 1s bonded to the
predetermined portion with a non-conductive adhesive 23. At
this taime, if the layer of the non-conductive adhesive 23 1s
thinned enough, the roughness of both adhesive surfaces
functions effectively to directly contact and connect the coil
support 7b to the ground electrode 18c electrically.

[0039]

To make the adhesive layer as thin as possible, an anaerobic
photo-setting adhesive 1is wused. The adhesive 1s low 1n
viscosity and fluid enough and excellent in workability. For
example, 326LV/UV (trade name) manufactured by LOCTITE 1Inc.
will be suitable as such the adhesive. The ground electrode
18c is plated with nickel, which 1s excellent in adhesion, when

such an anaerobic photo-setting adhesive 1s used.



a stator nmagnet cooperating with said noving coil to conpose a voice coi
nmotor and rotate said actuator arm and a piezoelectric sensor conprising a
first electrode formed on a first surface of a thin plate-like

pi ezoel ectric element, and a second el ectrode for rred£3 mgﬁmsurface of
said thin plate-like piezoelectric elenent, wherein vd ectrode is
formed with a conductive netallic material with nore excellent wettability
than said second el ectrode, and said second electrode is formed with a
conductive metallic material with nore!&xcell ent adhesion than said first

el ectrod éoM@frein sai d second el ectrode of said piezoelectric sensor is
bonded t0 a predeterm ned conductive portion formed with said conductive
mat erial using a non conductive adhesive to provide a bonded portion and
connect ednehpegtrolwal |phaniot- ket prededlersnveed spressgihesappl hedi i Isa@tild bonded

portion. z8ae A48 ACT MM HorACC U LidReihE) Cladimgnotwheket thgabdopbFsie £] ectrode

is plated with ohg and saig secao % elgggrowglﬂslggated gntQ q%c&g%. 7. The

act uat or %%%%rd ﬁbeyo éfarm 5 'or " 'whérei n"sai d adhesi Ve i 5 an anaer obi c
phot o- sed @il dthesi ve. 8. A disk unit, conprising: an actuator, conprising
an actuator armheld rotationally within a predeterm ned range and conposed
at leastapactdidld V(Lfacdo62RAUELEME: AL 8dadls, aa JRRYERYy COLLt hghdaadnsai d
actuator arm a.stator ng%ﬂet cog grg&iggnﬁ%%hds%hg npying coil to conpose
a voi ce EBPI Y IF AR D063 Y95 Mot or End YSTare §ATE 5%t uatbr*ariitand a
pi ezoel e¥Fi Er¥emkediveennpresing a first el ectrode formed on a first surface
of- a thin plate-like piezoelectric elenent, and a second el ectrode forned
on a secepgysprface of said thin plate-like piezoelectric el ement, wherein
said first electrode is forned with a conductive netallic material wth
nore excellent wettability than said second el ectrode, and said second

el ectrodélig flor me@ywi $¥a EBRMURTIIWAe SREEANY | CIRREEFY al* Wi ticfor ef@xcel | ent
adhesi onekhaplsailsly fimsidiekecd radeyltwherebhesaia; s@vondtel ectdadetiod sai d

pi ezoel egtErignSENSOE ihebonded: t RednrdF edeltfrdisnes canducid.ve portion forned
with said conductive, maierial using.a nonsconductiye adnesive to provide a
bonded porflon and connecTedne?ecErléaﬂ?y Wi th' a ed%ternlne ressure
appl i ed thesaig Héﬁﬂeah%oPPﬂ%ﬁF member s¢ that the anaerobic adhesaive

is hardened and the member 1s hardened and adhered entirely.

Such an adhesive having both anaerobic (anaerobic hardening)
and photo-setting properties will thus enable things to be done
favorably.

There 1is also another method employable as a complementary
means so that bkoth photo-setting property and thermosetting
property are employed tco rise the temperature to make the
adhesion perfect after the object 1s photo-set quickly.

[0042]

As a result of testing, 1t was found that the electrical
resistance between the coil support 7b and the ground electrode
18c became about 0.5 to 0.9[Q], which was enough to satisfy the
requirements on those conditions when a load of about 1.9[N]
was applied to the adhesive surface while the adhesive was
setting.



a control circuit for controlling a current flowing in said noving coil so
as'to control a distortion of said actuator arm according to a detected
~signal from said piezoelectric sensor, wherein said predeterm ned
conductive portion is grounded. 9. The di sk unit acc \ in18,
wherein said first electrode is plated with gold andolg (’MA&ZGQ el ectrode
is plated with nickel. 10. The disk unit according to claim8 or 9, wherein
sai d adhesive is an anaerobic photo-sekélng adhesive. .A9. A .Aa. ALu . A9

.A"u. ALa r. AN Au . Au. A9u. Au. Al . A . ALu A3r . AF_. A9. Ah2+. A& . As9. A95723" gs
~yt01e[ cqlgcal Gal.cal cal cglcal al,cal cal ] cal C ] cRa] c
Rha] cra] 4] Aol f shagcelealasl oal sekealael sghggledl ool ealodatbeda
/ 6f hsvNRRLGGEEDT 9Q] %ﬁca]caFB%]céFé%]CH}E%]cﬁT%a]Eéf%a]g%]céfé?aUFEGa]ca]ca
]ca]ca]cakpabsa@m%ﬂqnxk@alcabc&agﬂa%kﬂaﬁikaapda?baW#L\ n addition, the

" $83I YN &BB&8ESE x e8I, d & | 1aGal.eal cgléza]s@ah@aé@a]@@k@ahc(ﬁd calcalgal cal ca

[l cal o(31cahe 62l SHLC81 FobsaL 78] oL SaLEFLCR) SISl AR B8, L0 M O 2

* 444+

£++ _}18b_was P}%&%%CW?T]F@éﬁd%YEéP@QFCth&T@é?&éP&&]@5]%§T¥§]ca]ca]ca]ca
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directly and connected electrically to the conductive coil

support 7b with a non-conductive adhesive, no short-circuit
occurs between them even when the adhesive is extruded from the
end of the bonded portion and stuck there so as to connect the
ground electrode 18c to the output electrode 18b.

[0045]

Next, an electrical connection checking method of the present
invention will be descraibed. This method 1is applied for
whether or not the piezoelectric sensor 18 1is connected
electrically to the conductive coil support 7b after both items

18 and 7b are bonded with a non-conductive adhesive.
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Because it is very difficult to check an electrical resistance
between the co1l support 7b and the ground electrode 18c
directly so as to check such the -electrical connection
therebetween, the capacity between the lead wire 24 (or the
output electrode 18b) and the coill support 7b is measured.

[0046]

As described above, because the plezoelectric sensor 18 1s
structured so that the top and bottom surfaces of the
piezoelectric element 18a are placed between the output
electrode 18b and the ground electrode 18c¢c, the piezoelectric

sensor 18 also has a capacitor property. The capacity of the
plezoelectric sensor 18 aitself configured such way 1s about
600 [p¥F] .

[0047]

On the other hand, if the layer of the adhesive 23 is too thick
to connect the ground electrode 18c to the coil support 7b
electrically, both ground electrode 18c and coil support 7b
with a non-conductive adhesive 23 therebetween have a capacitor
property respectively. This state means that two capacitors
are connected serially between the coil support 7k and the
ground electrode 18c. The capacity between the coil support 7b
and the ground electrode 18c thus becomes several tens of [pF].

(0048]

Like this, the capacity between the lead wire 24 {or the output
electrode 18b) and the coil support 7b 1is reduced to a very
small fraction of the normal value if the electric connection
between the ground electrode 18c and the coil support 7b is
imperfect. Consequently, after the piezoelectric sensor 18 1is
fixed, the capacity between the lead wire 24 (or the output
electrode 18b) and the co1l support 7b is measured and compared
with the capacity between the electrodes 18b and 18c before the
piezoelectric sensor 18 is fixed, thereby judging the checking
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result of the electrical connection between the ground

electrode 18c and the coil support 7b.
[0049]
[Advantages of the invention]

According to an embodiment of the present i1invention, because a
pair of electrodes of the piezoelectric sensor are formed with
different materials selected appropriately to external
v connections, both electrodes can be connected to their
counterparts without sacrificaing either of the work properties,
even when one electrode 1is to be soldered and the other

electrode 1s to be bonded with an adhesive.
[0050]

Furthermore, according to another embodiment of the present
invention, because the ground electrode of the piezoelectrac
sensor 1s bonded to the conductive portion of the object member
using a non-conductive adhesive, extruded adhesive never causes
any short-circuit between those electrodes, thereby the bonding
work can be done easily and the work efficiency 1is 1improved
more.

{0051]

Furthermore, because the piezoelectric sensor of the present
invention 1s bonded to the actuator of the hard disk unit in
the above embodiment with the use of the above method, the
reference potential surface of the piezoelectric sensor 1is
grounded directly via the coil support 7b of the actuator arm.
One of the line materials can thus be omitted, thereby both
wiring and assembly works can be simplified.

[0052]

Furthermore, because it is possible to judge whether or not the
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which the piezoelectric sensor 1is to be bonded, by measuring
the capacity between the output electrode and the above
conductive portion, operation failures to be caused by such an
imperfect connection therebetween can be prevented in the hard
disk unit that employs this piezoelectric sensor 1n the above
embodiment.

; Brief Description of the Drawings:

Figure 1 1s a top view of a hard disk unit in an embodiment of
the present invention;

Figure 2 1s a perspective view of the main portion of an
actuator arm for holding a flat coil;

Figure 3 1s a configuration of the main portion of a VCM of an
actuator;

Figure 4 1llustrates a distortion of the actuator arm 8 caused
by resonance of the butterfly mode;

Figure 5 is a block diagram of a control system for controlling
the actuator;

Figure 6 1s a perspective view of the piezoelectric sensor 18
from the position indicated with the arrow h in Figure 2;

Figure 7 1s a cross-sectional view of the piezoelectric sensor
in an embodaiment of the present invention;

Figure 8 1llustrates how to fix the piezoelectric sensor of the
present invention;

Figure 9 1llustrates how to bond the piezcelectric sensor of
the present invention on the basis of the inventor's idea; and
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[Description of symbols]

1 . Hard disk unit
2 . Dask
3 ... Base
4 . Spindle motor
5 . Hub
. 6 . Suspension arm assembly
6a ... Arm
6b ... Suspension unit
7 ... Coil support assembly
7a ... Co1l support
7b ... Coil support

. Actuator arm
... Rotary shaft
10 ... Flat coi1l

10a ... Side rim

10b ... Side rim

10c ... Outer raim

10d ... Inner rim

11 ... Upper stator magnet holder
12 ... Actuator

13 ... Slider

14 ... Lamp

15 ... Tab

le ... Stator magnet

l6a ... N pole

1éb ... S pole

l6c ... Boundary

17 ... Lower stator magnet holder
18 ... Piezoelectric sensor

18a ... Pilezoelectric element
18b ... Output electrode

18¢c ... Ground electrode

20 ... Head
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21 ...

22
23
24

Braking control circuit

. Tracking control circuit
. Adhesive

... Lead wire

25 ...
26 ...

Solder
Adhesive

10% 0¥ 13 MAR 2003



10s510%@& () -9

+110%@&' ()- @ (10%@& ()-& 10%@& ()- | 10%&& ()-!Yz&10%&' () -] hhhhhhhejjbC 10F
109%& ()-& 109%&' ()-s,f10%& ()- 10%& ()-m 10@ 10@

10@Q.7! 10%a&' ()-j ] Akkk=I | aBbC 10L3+! 109%& ()-1d $10%&" ( QaQ&ﬁma

110%& ()-L!10%& ()-9!109%& ()- | nr mmmmmbC 10109’ () - 0 ) 0 10

10" 6! 109 ()-L2! 109%& ()-L.!109%& ()- nnnnnodEbC 10" Lgl0%® (

("Lglo9%& ()- (" Lgl09v&' ()- (LglOo9& (y-" (| L109%&' ()-9!109& () ooJoo

p2pVpdEbC 10" Lgl0%&' ()- ( Lgl0%& ()- (- LglO%&' ()- (" Lglooa&' () -

("Lglo% ()- ( Lglo% ()- (VpvpppgqqqgxmbC 1010%& ()-" 10 10

10 Lgloo/@'la(h)né_ ("Lgl0%& ()- ( Lgl0%& ()- ( Lgl0% & ()- (q9qcqgqqqgqgqdYNC 10

1. A method for bonding a piezoelectric sensor to an object member with an
adhesive so as to detect its distortion, said piezoelectric sensor comprising a first
electrode formed on a first surface of a thin plate-like piezoelectric element, and a second
electrode formed on a second surface of said thin plate-like piezoelectric element,
wherein said first electrode is formed with a conductive metallic material with more
excellent wettability than said second electrode, and said second electrode is formed with
a conductive metallic material with more excellent adhesion than said first electrode, said
method comprising the steps of:

forming a predetermined portion of said object with a conductive material,

bonding said second electrode of said piezoelectric sensor to said predetermined
portion with a non-conductive adhesive to provide a bonded portion; and

pressing said bonded portion with a predetermined pressure so as to be hardened

and connected electrically.

2. A method dependent upon claim 1 for checking connections for testing an
electrical connection between said second electrode of said piezoelectric sensor and said
predetermined portion of said object member, bonded using said bonding method, said
checking method comprising the step of:

judging a test result of said electrical connection by the comparison of capacities,
capacity between both electrodes of said piezoelectric sensor before connection with
capacity between said first electrode of said piezoelectric sensor and said predetermined

portion of said object member after connection.

3. The method according to claim 1 or 2, wherein said first electrode is

plated with gold and said second electrode is plated with nickel.
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5. An actuator, comprising:
an actuator arm held rotationally within a predetermined range and composed at
least partially of a conductive material;
amoving coil held at said actuator arm;
a stator magnet cooperating with said moving coil to compose a voice coil motor
and rotate said actuator arm; and
a piezoelectric sensor comprising a first electrode formed on a first surface of a
thin plate-like piezoelectric element, and a second electrode formed on a second surface
of said thin plate-like piezoelectric element, wherein said first electrode is formed with a
conductive metallic material with more excellent wettability than said second electrode,
and said second electrode is formed with a conductive metallic material with more
excellent adhesion than said first electrode;
wherein said second electrode of said piezoelectric sensor is bonded to a
predetermined conductive portion formed with said conductive material using a non-
conductive adhesive to provide a bonded portion and connected electrically with a

predetermined pressure applied to said bonded portion.

6. The actuator according to claim 5, wherein said first electrode is plated

with gold and said second electrode is plated with nickel.

7. The actuator according to claim 5 or 6, wherein said adhesive is an

anaerobic photo-setting adhesive.

8. A disk unit, comprising:
an actuator, comprising an actuator arm held rotationally within a predetermined
range and composed at least partially of a conductive material, a moving coil held at said

actuator arm, a stator magnet cooperating with said moving coil to compose a voice coil
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formed on a first surface of a thin plate-like piezoelectric element, and a second electrode
formed on a second surface of said thin plate-like piezoelectric element, wherein said first
electrode is formed with a conductive metallic material with more excellent wettability
than said second electrode, and said second electrode is formed with a conductive
metallic material with more excellent adhesion than said first electrode, wherein said
second electrode of said piezoelectric sensor is bonded to a predetermined conductive
portion formed with said conductive material using a non-conductive adhesive to provide
a bonded portion and connected electrically with a predetermined pressure applied to said
bonded portion;

a control circuit for controlling a current flowing in said moving coil so as to
control a distortion of said actuator arm according to a detected signal from said

piezoelectric sensor, wherein said predetermined conductive portion is grounded.

9. The disk unit according to claim 8, wherein said first electrode is plated

with gold and said second electrode is plated with nickel.

10.  The disk unit according to claim 8 or 9, wherein said adhesive is an

anaerobic photo-setting adhesive.



