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30 transducer. \Were the mcroactuator was to be fornmed by thin-film

‘waf er techni ques onto the ginbal, the entire ginbal assenbly had to
be redesi gned WO 98/ 20487
PCT/ US9710w6Yeross7 ¥TIUSYMITIe  because

the m croactuator required a si I I con substrate support and conventi onal
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'VENTI ON 15 enough, the IHGEaEPELL APerpld Hith dawer natprileHedusRey thagnvayy

mechani smin agddirsifle %a&acksemgﬂémacmddfrﬁ&eﬁee,uﬁwa sEd udes a
rotatabl e disc, an actuator arm and suspensi on | oad beam connect ed
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di sc. components. BRI EF DESCRI PTI O\I OF THE DRAW NGS .
__\FIG 1is a plan V|ewof apmggfmmulustratmgahead
15 The present invention is a head positioning mechamsm in a disc drive

system. The disc drive system includes a rotatable disc, an actuator arm, and a
suspension load beam connected to the actuator arm. The head positioning -
mechanism includes a motor attached to the suspension load beam. A gimbal
has a first end attached to the motor. A slider, supporting a transducing head,
20 s attached to a second end of the gimbal. Control circnitry generates electrical
control signals to operaté the motor to selectively adjust the radial position of the
transducing head relative to the rotatable disc.
BRIEF DES TION OF THE DRA
FIG. 1 is a plan view of a portion of a disc drlve, illustrating a head
25  positioning system.

FIGS. 2A and 2B show top and side views, respecﬂvely, of a high-
resolution head positioning mechanism according to a,_.._fi_rst embodiment of the
present invention. -

FIGS. 3A and 3B show top and side views, respectwely, of a high-

30 resolution head positioning mechanism according to aqq;}xer embodiment of the

present invention.



25" positioning system FIGS. 2A and 2B show top and side
views, respectively, of a high- resol ution head positioning nechani sm
according to a first enbodi nent of the present invention.

FI GS. 3A oy oghosgyOW top and side views, respectively, Ofpcgnidotiérne30 -

resol uti on head positioning mechani sm accordi ng to anot her enbodi nent of

t he present invention. WO 98/ 20487
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FIGS. 4A and 4B show top and side views, respectively, of a high- -

resol ution head posx@smrﬁdmm'wpmcgwwmt sectively,6F a di ment of
t he present Invention. DETAI LED DESI PTI O\I C]: E PREFERRED
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hi gh-r esol ut | $8BPFS 15i OARSspd a3 one fad a cwator arm |18 and atjits qther endfe r esent

i nventionygs %ﬁﬂb?@le&&e%%ﬁx&ﬂﬁ?ﬁmwﬂs slider 24! lnARAGORTERETS Js0ad beam
22 and gi nbal A and 2B show:t he hi gh- res%l ution

head positi ole?gfaﬁ’ééhmVS r%Pt“atOf arnbis &1@5&%68#%0"& a gelectesd wack
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.. resolution of VCM 16 may be insufficient to position shdet 24 at a precise
locatlon ‘over a selected: track.  Therefore, a hlgh-resoluuon positioning -
15 mechamsm is-also desnable The present invention is dlrected t0 a microactuator
attached between load beam 22 and gimbal 23.

FIGS. 2A and 2B:show the high-resolution head posmomng mechamsm
of one embodiment of the _present invention. A rotary motor 38 having stator
38a and rotor 38b (deplcted symbolically in FIG. 2B) is attached to and between

20  head suspension load beam 32 and gimbal spring 33, preferably with stator 38a
attached to load beam 32 and rotor 38b attached to gxmbal 33, for example.
Slider 34 carries a2 transd;jqing head 35 and is mounted to glmba! 33 near a distal
end of slider 34. Suspension load beam 32 applies a pre-load force against slider
34 via pre-load tip 31. |

25 Gimbal 33 is preferably shaped with an arcuate g}end portion 33a at a
proximal end, and arm portions 33b and 33c extendmg toward a distal end,

forming an aperture 41 between arm portions 33b and 33_(; Slider 34 is attached
to tongue portion 37 at a distal end of gimbal 33. Arcuaté ortion 33a of gimbal
33 is attached to rotor 38b of motor 38, so that movement.

Of rotor 38b causes

. 30 rotation of gimbal 33 about axis 36.



20" head suspension | oad beam 32 and gi nbal
attached to | oad beam 32 and rotor 38b attached to gi nbal
Slider 34 carries a transducing head 35 and is

end of slider 34cTisoReRs on | oad
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33, for exanple.
nount ed t owpiogledsy 33 near a di st al
beam 32 applies a pre-load force agai nst slider
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PCT/ US97/ 07710
Rotary notor 3gmbal 3395%Pi!ﬂ°¥/§4tf@a@ohaﬂ&ea@ 33ridides W%hth@mrsurfaeﬁ oftuitry 39

to accurately Sh&e 4t #@r 38a, thereby noving
gi nbal 5 ﬁ%ﬁ%ﬁﬁ )‘gcfag smg'rsﬁ?’tlon slo?ﬁ‘;jsover a selected track
of a disc. B@mmmﬁmm&kadmre@Mmmmaepm&mm&?gml i des

across the top Pﬁ%aﬁﬁggsm%z bge§3 34 ai{s%rg? t‘ﬂ%?%%ss‘lg-gséede
a IS a

aperture 41 of®
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thermal notors, each of which is known in the art. ‘For exanpl g,

M cromotors f ogs bR 6BFRP Microrob Gl'dbé %%S%ﬁmﬂﬁi'ﬁg{ RB-72] 1

an el ectrostatic moronotor 1's disclose gy‘.
M croposi ti onesn felectrostatic midrometor isTdisclosetn

15 Mcro Bl eghik8pdéhiohaN ok DistotSHvel® TehBIRKfhal %Rtgﬁﬁuonlﬁw&%oﬁ or20: 1997

15

20

30

Micro Electro Mechanical Systems, Nagoya, Japan, Jgnuaty 26-30, 1997. -

Generally, such micromotors operate via paralle! plates axtached toa ﬁxed outer .

ring (stator): and mobile inner ring (rotor) of the motor m opposing pairs. A
control signal, such as a voltage, is applied to the palrsof plates to rofate the
central rotor with respect to the stator by motion induc_'ed' in the plates. The
design flexibility of the present invention, which per_l_"f_nj_ji_:'ts'the use of several -
existing micromotor designs, greatly simplifies the desigI; of high-resolution head
positioning mechanisms for disc drives.

In a preferred embodiment, gimbal 33 has a length sufficient to amplify

the radial movement of slider 34 in response to rotauonal movemut of motor -

38. Gimbal 33 also preferably has a length sufficient to maxntam transducing
head 35 a sufficient distance away from motor 38 to ‘minimize electrical
interference between motor 38 and the transducmg head It is therefore
advantageous to position motor 38 and slider 34 at opposxte ends of gimbal 33.

FIGS. 3A and 3B show a high-resolution head. posmomng mechanism
according to another embodiment of the present mvenuon "Linear motor 58 is

attached between head suspension load beam 52 and gxmbal 53, which in turn

spring 33, preferably with

g end of
ttached to rotor 38b
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Generally, such micronotors operate via parallel plates attached to a fixed

‘out er ring (stator) and nobile inner ring (rotor) of the notor in
opposing pairs. A control signal, such as a voltage, is applied to
the pairs @Wodshaisgs to rotate the central rotor w tgpereepesie L0 the
stator by notion induced in the plates. The 20 design flexibility of the
present invention, which permts the use of several.: exi sting

m cronotor designs, greatly sinplifies.the design<of high-resolution head
posi tioni-ng mechani sns for disc drives. .. In a preferred

enbodi ment, gi ¢xids shidelSuSconédsiio Hormaut fpbRio B df imbAl 53 rkar a distal bkt T adi al
novenent of slider 34 in_response to rotatjonal novenent of notor 25 38.
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of ginbal 53 ngaibaks3liand slideesd. Sus ensﬁfl 164d bk $2+appHet wzloﬁdlf&aéwes
transduci ng head 55 near end. 53 IS

d :
preferably congtdFﬁéféHPWllﬂt‘flsFBLst%;‘gﬁ@ﬁ apertyes 61 of gimbgl 53. A’re-ﬁmd P bxi mal
end, and 3pm Pidet REFSssIRE 1R WrRR OrSRlESH &Qiné&%hﬂoﬁslﬂéﬁ&%ccﬁ&d 5

form ng aperture 61 between arm portions 53b and 53¢c. Rectangul ar portron

53a of gi marL@@rrnptmisatmmwemmWﬁ%mmserw%%at linear

moverment of g%emm&péﬁ% 8 B difcPhion. ISIEE 54 Bikfaded bk Saf | 01 0 body

| i near m)verrentfo Suspension | oad beam 52
. appl i es pre-| osull foercE8bt @eplcted symboluteﬂy BﬂFKi %&)ealld)&cpr@fﬁpbbrlafrwsedje )

_.aperture 61 Ofgmg,gd 531 atthcnSd hf.ﬁgdg,eaﬁg é%oéésb@eartsmwest op.

surface of sli as novenen oCC Li near '
."notor 58 i1 respakesi kmeat alispiacement ofi tptar 585 rresu!tsan*’ igiti-body cuatiany 069

transducing head 55 .

transducing head 55. -Any two-dimensional movemen__'___‘_-
can be achieved by selective displacement (such as expanslon or contraction) of .
motor 58 in the X and Y directions, controlled by sxgnals from control circuitry
59. __

20 Again, because motor 58 is a discrete component separate from the design
of head suspension 52, gimbal 53 and slider 54, an'y. Sﬂﬂl-scale linear motor

technology (many of which are known in the art) may be used. Linear

micromotors may operate via parallel plates attached to a fixed stator and a

mobile rotor of the motor in opposing pairs. A contro ial such as a voltage,
25  is applied to the pairs of plates to move the rotor w1th ect to the stator. The

motor is preferably configured with parallel plates to caus inear motion in the
X direction, and parallel plates configured to cause p'

in the Y direction. The design flexibility of the presen:t__

dicular linear motion
ention, which permits
the use of several existing micromotor designs, sim_'p?l:' $-the design of high-

30  resolution head positioning mechanisms for disc drives:




to'linearly expand in the X and/or Y directions. Mtor 58 includes stator
‘58a and rotor 58b (depicted synbolically in FIG 3B), and is

pref erably arranged with stator 58a attached to | oad beam 52 and
rotor 58b whleged@s to ginbal 53, 15 so that linear dis fﬁﬁﬁﬂﬁ@h f .rotor
58b results in rigid-body noti on of t ransduci ng hng 55. Aﬁe

t wo- di nensi onal novenent of transducing head 55 can be achi eved by
sel ective. displacement (such as expangion or contraction) of not or 58
in the X and Y directions, controlled by signals fromcontrol circuitry

59. 20 - AJRIGS. 4heaﬂwsm @ highPrebolutionhead pBsifofiRs RRBRMIsS EPar at e
fromthe design of head suspenmgﬁoﬁr 52, qi nbalp%53 and slider 54, any

smal | -scal e |mf@aﬁdma)tocﬁﬁmheremh@mﬁbpﬁgrparmwnmm%‘hlsmommh in the

i hched (o a ey R0l deognelbaPIRICRGR MohR Bkl ity 1 P 715

opposi ng pai r s73.ASlidert #ais attachedh tol ;ongun:pnmm Woﬁgmdgb’,n 26a distat eappf i ed to

the pairs at.e go nove the rotor with respect to the stator. The
notor is p efe?ﬂhﬁs/ configured with parallel plates to cause |inear notion
in the X dir eThe gmbamnoﬁnaadalringl popticai 805 anchof dngclszdttdohed:mwd

er pendi cul ar | ne \ Y di.re [
£l exi bil i ty of %@8&@@ oF Adhsive & ““%W%P?Jﬂfﬁﬁgtfgmmpﬁ) hg&ss of .
several existi sq 89 SddOS® LétinedtdSi r{HES80 0 dibd 81.1 Gimbile730i8 % Witafif flBhugd- 30

resol uti on head positi oni ng nechani sns for disc drives WD 98/ 20487
PCT/ US97/ 07710f0rmmg openings 90, 92 and 94 ‘around disc 82 and between hingesR4, 86 and

FIGS. 4A gy s M t
accordi ng to ag? ul?qﬁ/er enﬂhﬁa N ?Oftshieleag%@e)ﬁitd ?ﬁ\%ﬂ?l?ﬁﬁm%hl s enbodi mant
i ncl udes a speattaghingntdo slidendd. MeBséc%ﬁ and % Hhaviepeek portiens 355153&94 nmbal -

2t o diStal enddperReh i) hd stemBobA6 1 Rut thenf YRR I repoil of 1031 1
“portion 80, : analface dpplred&e hingen84) 86 dnd 880aAl pair of p:dzedmﬂ?@el@hynmﬁbds or. . :
adhesive at at} a(f %EB n'%% t?achesd tofh%geg $3 QPJ @g rw%e&n fy,nﬂ:edsare actuated -

15 by an applied- voltage fr.om control circuitry 79 to _s_electlvely expand and .

contract, thereby bending: hinges 84 and 86, which in tm forces bending of -
hinge 88. Piezoelectric elements 76a and 76b may- alternatively be integrally .
formed, or embedded, into hinges 84 and 86, respectively. Gimbal 73 may be
constructed of steel, for example, or alternatively may be a flex circnit assembly

20  having control circuitry 79 and appropriate connections formed directly thereon.
The bending of hinges 84, 86 and 88 elastically distorts ring 80 to alter the
position of slider 74 with respect to tracks of a magnetic disc. Gimbal 73, and
slider 74 mounted thereon, is thereby effectively rotate('_l_'--.;in an arc about axis 81 -
of anchor disc 73b.

25 Suspension load beam 72 applies pre-load forc_e:.;fto slider 74 at pre-load
tip 71, inside aperture 79 of gimbal 73. Pre-load tip 71 slides across the top
surface of slider 74 as movement of slider 74-occurs.

Piezoelectric elements 76a and 76b are oppositels;E actuated in response to
an applied voltage, so that they actas a complementary palr to distort gimbal 73

30 in a common direction. - In ﬂus embodxment, mtegrat:on with gimbal 73 is

achieved, although the nature and stxffness of gimbal 73 ‘is not affected.




_,84,‘ 86 and 88 connecting ring 80 to disc 82. Gnbal 73 is a unitary flexure
form ng openings 90, 92 and 94 around disc 82 and between hi nges 84, 86 and
10 88. Tab 77 is formed on ginbal 73 at a distal -end thereof in opening
90 for  wo9stdgrhnent to slider 74. Hinges 84, 86 and $@rfushanBioneck

portions 85, 87 and 89, respectively, that ate narrow to pernit them
to bend readily in response to a force applied to hinges 84, 86: and
88. A pair of piezoelectric el enments 776a and:76b are rigidly attached

to hinges 84 and 86, respectively, and are act uat_e_'_:'cf_jj 15 by an applied
vol tage from contr decause che preyent Gnveaticre lovates \acsmalkbscalznmlownavhere the contract ,

t her.eby bendi ng_hi,nges 84 .an 6, which in turn forces bendin f

hi nge 88. Pi e%&?ﬂ@gﬁ%ﬁgt&@%ﬁgﬁ%gﬁl 9 ?‘ya"c"@?‘ﬂ%‘ﬁ?aﬁé""gﬁl
integrally is affécosdeRbe nticrosctingtidg afbtoricai thefefdte operdtd abdRigh Greqidaspect i vel y.
G nbal 73 may be: constructed ,of steel, for exanple, or alternatively
may be a fl ex SHcpthenamuraldequengy stgociated yath thegimpal ds high. Also; 2 1elatiyelynd
appropri at® CQafqbice i réghiréPfiolith S eqdi g9 of

hi nges 84, 86 and 88 el rea cal | fﬁ‘%‘t‘??s riﬁlgf?'é"o?f’%‘?'gﬁe'%b?hﬁewﬁ

posi tion of sltheiémaly masg eﬁmthpeypétandehdqr-aémd tiom ‘the flyiagiheight of theG nbal - 73,

arc about axj SUR 1ol 1P KGR ofSisblo HoaEhbEF ol blele T o5

beam 72 appl i qimbalantl beatl fuspension doasll beamr 74 at pr el oad tip 71,

i nside aperture 79 ,mpal 73. Pre-load tip 71 slides. across the top
surface of slider f%&%‘ﬂ@\?ﬁﬁ?{“ giveataty %ndlé&ﬂbggthh reference 0 '

Pi ezoe: _ecgimi clmémbadimamﬁw&ﬁ&s akilled pp e irtle#vﬁlmbgﬁieeﬁaﬂ &ah@ﬁponse to
an applied voltage, sp that t act . as con menfary pair to distort

gi nbal 73 30 gy be mg nfnwﬁﬁwﬁmtﬁmﬁwﬂeﬁwﬁaﬁ?fmm%i on with
gi mbal 73 is the inventi@hi eved, al though the nature and stiffness:of ginbal

73 is not affected. WD 98/ 20487
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Because the present invention |ocates a small-scale,.motor where the

gi mbal attaches to the head suspension | oad beam “enly nmovenent of the

gi nbal - is affected. The m croactuati ng notor:can therefore operate at
a high frequency, ’




sifce the natural frequency associated with the ginbal is high. Also, a
relatively 5 small} I Mdfromthe smal | scale notor to nove
the ginbal, due to \\“ﬂlﬂﬂﬂlﬂlﬂlﬂ“ s of the ginbal and slider. In

addi tion, omshbagrng hei ght tof "t ht. * slider is unaffgeted by o he
addition of discrete m croactuator notor between the gl n%a and head
suspensi on | oad beam ' Al t hough the present invention has been

described wth reference to 10 pregerred enbodi nents, workers skilled in
the art will recognize that changes may be made in formand detail

Wi t hout depar tWHAT I® IS:it and scope of t he i nventi on.

-8 .- T 1S CLAIMED IS, | 1., . mechani sm for positioning a
transduci ng head vviﬁfwg?‘@é"d@?f’rE‘E“‘&“’é‘g!aé@@ﬂf’mgﬁ?dmihrfmcw agelectadat abl e
recordi ng di sardcR of aiofetabllf te¢srdingMsclinS£ digé tiiee, tRC Uid dAe fHidluding an  2Ct UAL OT
arm and a suspension | oad beam connected to the actuator arm the 5
mechani sm conpciusfoigrm and a suspension load beagh conseeieditd the acotator st #hehed to the
suspensi ongl ogg ising: a ginbal having a first end and a
second end, the first cgﬁlgn%lgi%ng attached to the notor;
a slider supporting highreselutionimoton gtténhedito thh euspeasiter lobdbewn;at t ached to the

10 : f | | d . cont rol
circuitry generati ﬁf@ﬁ%@@?ﬁfggﬁﬁégﬁé ?‘gq “qgs%fﬁ’aﬁ“&aﬁﬂsﬁﬁbs?%‘feénﬁw or

to nove the ginbal rel atothe matof,he | oad beamto sel ectively
position the transduci,ng hea [,OXI e the | ected {rack on the

rotatabl e recordind % pg%upaggnfgem%ﬁggmgwisgw ing attached to fcr i n t he
hi gh resoligiti on notor cgedhd 8MEof the gimbal; and a fixed stator attached to

t he suspension | oad beanm and ) . a rotor attached to the first
end of the ginbal, PHE!CHEYEY generiing slestsical control signals to operate the motqy; ¢

respect to the stator igp nRVEOME Gikiball i & thd Godd GART td selectively
position the transducing head proximate the selected track on the
rotatable recording disc.

i5 2 The mechanism of claim 1, wherein the high resolution motor comprises:

a fixed stator attached to the suspension load beam; and

a rotor attached to the first end of the gimbal, the rotor being movable
with respect to the stator in response to the electrical control
signals generated by the control circuitry.

20 3. . The mechanism of claim 2, wherein the rotor arcuately rotates with
respect to the stator in response to the electrical control signals generated by the
control circuitry.

4 The mechanism of claim 2, wherein the rotor is linearly displaced with
respect to the stator in response to the electrical control signals generated by the

25  control circuitry.

5. The mechanism of claim 1, wherein the gimbal and the high resolution
motor comprises:
an anchor disc for attachment to the suspension load beam;
an outer ring portion around the anchor disc;
30 first and second hinges connecting the outer ring portion to the anchor

disc;



si gnal s  generated by the controt-citcuitry. 20 3. The mechani sm of

’cl_ai m 2, wherein the i atel vorotates with respect to the
stator in response tom"ﬁlmi“amml ﬂ!ﬁontrol signals generated by the
* L :_._:H

control ciwowshedg? hani sm of cl ai m 2, pehRiSerrighe ot or

is linearly displaced with = respect to the stator in response to the
el ectrical control signals generated by the 25 control circuitry.

5. The mechani sm of claim1, whecegin the ginbal and the high resolution
not or conpri ses: an anchor disc for attachnent to the
suspensi on | oad beadngue portion for attachriéht @/'iiR/slilérNY porti on around the anchor
di sc; 30 first and second hinges connecting the outer ring
portion to the anc R&irst piezoelectric element operatively icagpled to the first hinge;

9 - ; [ : t ' .

a first piezoel ect ??g&g?gﬁ%?&g%%gg?%g y %‘fﬂ%l{!@%ﬁ%ﬂo@tﬁgﬁ | rds@ﬁ#f’nge,

a second piezoel ectric @denent operatively coupled to the second hinge;
and 5 t | QQQS i ti c el enents being
r esponsi ve to appl ?‘gdﬁlJstr &id d ﬁ%@ﬂcﬁc%ﬁ%@égﬁf&a repRpnIe E%f‘?ﬁ‘@f?y expand
and contract to bend t heolfagesstd selectively expand and contract to bendsthe @ingt sl nges,

o Eon M «eopmcc” BN M Bt e s e e o
portion wi respect to can e

of the slider with respgsrion withfrespect!te ehecshchorodikc aifd diffing MePoditbe 10
recordi ng disc. 6 A gi npbal assenbly for positioning a
transduci ng head with r%%ﬁéé!‘d?’ow‘éh respect to dhe gelected track of the rotatable at abl e

recordi ngigli sc in a di sfecshding®isct he di sc drive i ncl udi ng an actuat or

arm and a suspensi on | oad beam connected to the actuator
6. A gimbal assembly for positioning a transducing head with respect to a

selected track of a rotatable recording disc in a disc drive, the disc drive
including an actuator arm and a suspension load beam connected to the actuator
arm, the gimbal assembly comprising:
15 : an anchor disc for attachment to the suspension load beam;
an outer ring portion around the anchor disc;
first and second hinges connecting the outer ring portion to the anchor
disc; _
a tongue portion for attachment to a slider supporting the transducing
20 head; _
a piezoelectric element operatively coupled to the first hinge; and
the piezoelectric element being responsive to applied voltages to
selectively expand and contract to bend the first hinges, thereby
distorting the outer ring portion with respect to the anchor disc
25 and altering the position of the slider with respect to the selected
track of the rotatable recording disc.
7. The gimbal assembly of claim 6, further comprising a second
piezoelectric element operatively coupled to the second hinge, the second
piezoelectric element being responsive to the applied voltages to selectively
30  expand and contract to bend the second hinge to complement bending of the first
hinge, thereby distorting the outer ring portion with respect to the anchor disc



arm the ginbal assenbl y risin an anchor - disc for
‘attachment to the suspf m‘ m)““ﬂﬂ\mHm an outer ring portion
around t he anchor discl irst and second hi nges connecting
the outer wiovgnesttion fo fhe" anchor PCHVURSTI0TIIO -

a tongue portion for attachnent to a slider supporting the transdu0|ng 20

head; a piezoelectric elenent operatively coupled to the
first hlnge and the pijgzoel ectric el ement being responsive
to applied voltages to sel ectively expand and contract
to bend the f iahdfalt&im‘g;]ﬁa ;positiéd 6Dihe slider with respect to the selectéd aékk bf e t he outer
ring portion wt t to the anchor disc 25 and
altering the g% FP#HH ing dI5C.5| i der with respect to the sel ected

track of the rotatable recordi ng disc. 7. The gi nbal assenbly of
claim 6, further conprising a second pi ezoel ectric el ement
operatively coupled to the second hinge, the second pi ezoel ectric

el enent being responsive to the applied voltages to selectively 30 expand
and contract to bend the second hinge to conpl enent bending of the first

hi nge, thereby distorting the outer ring portion with respect to the anchor
di sc -10- and altering the position of
the slider with respect to the selected track of the rotatabl e recordi.ng

di sc.



