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actuator assenbly for an information storage nedia. In particular,

relates to a rotary el ectromagnetic actuator assenbly for s use in
positioning read/ wite heads on a data storage device. BACKGROUND OF THE
| N\VENTION I n information storage systeits, for exanple, in a magnetic disk
recordi ng system or a hard disk drive (HDD), nagnetic read/wite heads are
used to re r to the data storage disks. The
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for storing data information. The read/wite heads are supported close to
the corr es by a head positioning/turning assenbly,
e.g., ﬁ@@@d‘?ﬁq'*ﬁimw ﬁ‘he read/ wite heads are carried by the

act uat or assenbly and are novabl e above the di sk surface for
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of the number of flux reversals per unit length of a track (i.e. linear bit
zo densit nmul tiplied by the nunber of tracks per inch (TPl). Presently,
the co PAGROQUNDIOFKTHIE SNVENSTION t he narket, which commonly enpl oy a

conventional planar noving-coil actuator assenbly as shown in Figure 1,
g ?nerall have a track density of 6000 ~ 8000 TPI. The head positioning
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resonance vibration in the actuator assenbly io about the pivot nenber in a
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of a commonly used HDD supported by the conventional actuator assembly has a

25 cross-over frequency of only 500 ~ 700 Hz, which can only support the track
density up to 12000 ~ 14000 TPIl. Achieving high track density (25000 TPI or




A simlar approach to this problemwas first disclosed in U S. P& &nEtiNozig4
zs 4,620,252 issued COctober 28, 1986 to R C. Bauck, et al. There, a twin
pl anar coil was first adopted. The twin coils are rigidly fixed and

di spl aced symmetrically at the other end of the carriage of a head
positioning nmechanism A simlar appr o?h to adopting a twin planar coil
attached to the other end of a carriagéarmwas also disclosed in U S

Pat ent No. 5,486,965 to Yoshida, et al. However, it is 2 2 ;ig"' 200a 3
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the actuator system such as to excite resonance vibration in the actuator

systemw thin m d-band of frequency. s Also, it is a conplex structure in a
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carriage armassenbly so that the QR body vibration node can be

substantially suppressed and an i nproved servo bandwi th can be zs obtai ned.
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. disclosed has a voice coil and correspondi ng nagnets whi e structurally
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et al., U.S. Patent No. 4,635,151 to H. B. Hazebrouck, et al., U.S. Patent No.
9,027,242 to H. Nishida, et al., and U.8. Patent No. 5,566,375, disclose different
} techniques and methods to improve operating characteristics of rotary actuator
20 systems, respeclively, the constructions adopted and embodied in the
corresponding patents will inherently excite the reaction force exerted on the pivot
member. Thus, there is unexpected variation and deterioration of positioning

characteristics of actuator system.

A similar approach to this problem was first disclosed in U.S. Patent No.
25 4,620,252 issued October 28, 1986 to R. C. Bauck, et al. There, a twin planar coil
was first adopted. The twin coils are rigidly fixed and displaced symmetrically at
the other end of the carriage of a head positioning mechanism. A similar
approach to adopting a twin planar coil attached fo the other end of a carriage arm
was also disclosed in U.S. Patent No. 5,486,965 to Yoshida, et al. However, it is




According to the first and second aspects recited above, the pre torp 200/
. . . b ) ?.ez?ot. t
i nvention discloses an actuator assenbly for positioning a plurality of
read/ wite heads s above an information storage nedia, such as a data
storage disk. The actuator assenbly conprises a carriage arm assenbly
nmovably nmounted on a pivot and having a voice coil nmounted thereon, and a
magneti c device having a plurality of ﬁoles for generating a nagnetic
field. The voice coil further conprises at |east one effective portion for

i nt ti 1 t net | fiel t { t | t i i f
oo et yRAcH et 8 BB ik oLt o T SRS e it
di r ect i orthalf thehactustielf Wrbé & dhesstsd bvmer@t%@?tt\ivé,Jﬁe%iiﬁ@%ﬁfd?%r%ﬁﬂgpﬁhﬁ.es a

first mag;gﬁti C regi on and a second nagnetic region, second magnetic
regi on b&PAS NAL REMERdicUiasto dhp seeking wirectien bf thet actugioe systemegicinaand t he

voi ce coi [ | t e effecti.v ortion crossing
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dat a stof‘é‘i}ﬂé’@%‘?ﬁ@‘)ﬁs IBRNARITBEIYARY BRd@9sembiE DRAW NGS zo Figure 1 is a
schematic view of a prior art actuator assenbly. Figure 2 is a top view
showi ng the separate el ements of the actuator assenbly according to a first

embodi meAtOHeT fiMflat apRropck of | s Miohlane wass disdlesast ini eweofoft ke

act uat or ARSI [ figr [ t e present jnvention.
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The foregoing and other objects, features and advantages of the invention will be

better understood from the following more detailed description and appended
claims.

SUMMARY OF THE INVENTION

20 It is a first aspect of the present invention that the actuator assembly disclosed
can generate pairs of forces substantially orthogonal to the moving direction of the
read/write heads and therefore generate substantiaily no reaction force to the
pivot member of the carriage arm assembly, so that the QR body vibration mode
can be substantially suppressed and an improved servo bandwith can be

25 obtained.

It is a second aspect of the present invention that the actuator assembly disclosed

has a voice coil and corresponding magnets which are structurally as simple as




ys carriage arm 10 and a voice coil 20. The carriage arm 10 corrpr_'25%55-5‘.&D 2004
first end 11 and a second end 12. A plurality of read/wite heads 122 are
nounted onto the carriage arm 10 t hrough a suspension 121. The carriage arm
10 carrying the read/wite heads 122 is adapted to be pivotally nounted and
i s novabl e about a pivot 13, so that tgre read/ wite heads 122 can be noved
and positioned above the zo disk 40 (Fi'gure 4) on a predeterm ned | ocation
for reading/witing data. The voice coil 20, being substantially a

quadri | atenaknid i } i ngmg 1 j [ ffective
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and a se@dﬁi@ddbmaymfavteripgmiamaaaatoﬂaesémbmofethémééemimmmibﬁn 21 further
conprises a first effective section 2la and a second zs effective section
21b. The second effective portion further conprises a third 2 Z St? ?C
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per manent nmagnets are arranged in an alternating configuration suc

the per m@RSAtONmGHEEtves pogions grpssinge thiopgh dhe fisbtandythensesngn mdgnetiogi ons
31 ), 32 4aue a second polarity opposite to the first polarity. As shown
in Figure 2, the zo polarity of permanent nmagnets 3la and 32b is in a
direction into the paper plane, and the polarity of the permnent magnets

31 b and 4S9 i } LNg. .of .th a | ane ef erri_.ng now
to P gur aoepeialdh sReBERTb 8% FRIAPREhRL i SRuBRETY SeR mlBnssang
42a are hiaredachring amdyefkestivbly ifproves thepred@ninstetiiridel pusitidrimgadcli@cys
generate.a r%qne%i c field, defining four magnetic regions 311 a, 311 b, 321
a and 321" B 959 FAREPE¥EPVL pol arities shown in Figure 4. The carriage arm
,as)'fserrbly is pivotally fixed on to the pivot 13 in such a position that the
ef

‘ ectiv ' 21b, 22a and 22b of the voice coil 20 are
posi ti ongtﬁ%?oég%za%#ﬂ?ghbqpmﬁ BINSS egions 311 a, 311 b, 321 a and
321 b, respectively. Preferably, the 2 2 SE(' 200u

20 Figure 1 is a schematic view of a prior art actuator assembly.

Figure 2 is a top view showing the separate elements of the actuator assembly

according fo a first embodiment of the present invention.

Figure 3 is a front view of the actuator assembly according to a first embodiment
of the present invention.

25 Figure 4 is an A-A cross sectional view of Figure 3.




7 geographical dinensions of the first and second effective secti n? @@@ 2004
and 21b are substantially identical, and those of the third and fd&ufth-" ¢
effective sections 22a and 22b are substantially identical. The
orientations of the effective sections 2l1a, 21 b, 22a and 22b are
substantially perpendicular to a line 100 connecting the s pivot 13 and the
read/ wite head 122. As shown in Figur& 4, when an electric current is
applied to the voice coil 20 in a direction as shown, a first

el ect r oNEgHGd i M, | nerated in a direction substantially

ort hogonal "to ?ﬁg%ﬁﬁﬁé"éﬁ%’ﬂgﬁﬁéﬁ%ﬁ the read/wite heads 122. Simlarly,
a second el ectromagnetic force Flg, a third magnetic force F2ZA io and a

fourth I € F I I Ll taneous! v. Accordingly, the
First mond e fornaepidtss SeetE AR e AR Tod cafcl am & i o
subst ant ifis$tipositibamt i cal in value, but in the directions opposite to each
other. The third magnetic force F2" and the fourth magnetic force F2B are
al so substantially identical in value, but in opposite directions to each
ot her. |riglres7 ésrbndi-Aeerdss isectidal afesly 62 Figuré 3 Wheh ehs BRiade’ £Fh iLh aand
F1B and E2B are in the sanme direction. The magnetic forces F1", Flg forma
pur e tor(fﬁgoF%pPﬁg'OEarri age arm assenbly and hence generate substantially
no reaction force to the pivot 13. Simlarly, the nmagnetic forces F2A, F2B

forma pyre torgue to the carrjage arm assenbly, and hence generate

subst ant FA9Y'¢ Ko 1 eAclaroryiewr ek t?‘@ apiiagary gssambly; ascaising eoman @econdgnet s
31 a, 31cmbctimennf BrebrBBYNRv&RL ructed from four nmagnetic pieces of
magnets with one polarity per piece, or two magnetic pieces having two

pol arities per piece, or one magnetic piece having four polarities per

pi ece. Thggurt®id 8ltoffandh : t : ealr: r nt
magnet naIF?‘geri al Isucﬁﬁc'f‘s hﬁ&ﬁ%&l‘ﬁ@%%ﬂ@giggda an%‘%ér{foé{ gfﬁ-'aes‘?ﬂé?g%ﬁiqggﬂﬁow to
Fi gure 8aciualecasatneblpadcorling tf thehmeaettintentionssenbl y of the present

i nvention conprises a nmagnetic device having one pair of pernmanent nagnets
231la and 231b, and a voice coil 220 nounted on a carriage arm ~ 2 ~~P
2u-2b~ 8 drdgirabl§ i k0 tap tevorshoelfifige dhé \ematiosrt vanatddlopkias @dicer 8sisiofighé hr ough
the pair er manent. magnets 23la and 231b. A pair of el ectronagnetic

act uat i n&'%i"lﬁ?‘are?%@fnq&y a,ggor "&%ﬁ)%@@'@ﬁ@?t&{ﬁ‘é‘?ﬂt%-t he effective portion 221
of the voice coil 220 and the forces are orthogonal to the seeking
directio i S pure torque is therefore applied
to the c%f%@@b%é@@rﬁﬁwgﬁﬁéﬁﬁ%w E&%\%pﬁlw'ﬁ%ads 222 above
the di sk 240. Dependent on the design of the actuator assenbly, the shape

of the vgege coil cag bg. varied. Figure 9 and Figure 10 show a variation of
the voi ce®BIMNNYoMOPhd0 JEIBYER of FBcEFWRIRY e§Semblypaesaiging foent Pirierede t wo
pai rs of epddRiferHeoPPit i : ' qﬁﬂ} a and
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or near theiagd armdiGmmoaghod suBgepsivet12ENtTRe. cafiggEBdfi OYcasyiRg thee
effective Eg{i}rtjons of the voice coil are the sane as the first ‘enbodi nent
descri beft2HByée hgads deeie adapted ipbsdivdalie mauated ants mepvabie eboihaa

di recti o t bl eki ' [ f

reads wr i P hazugd N g rerdaRo Naagt 122 000 DR Bh R o the
deswmr i bedjska#dl (fogiire €domatpretetefmimdainiecatidn fob veadifigalritingiaté. t he i nvention
as applied to various enbodinents, it ao will be understood that various
om ssions and substitutions and changes in the formand details of the
syst em i [Mhes tvoidee doitag0 b evaimglesubstartizdly akgLhddateral ptareirt shapé hiputthis

embodiment, comprises a first effective portion 21, a second effective portion 22,

a first connective portion 23 and a second connective portion 24. The first
effective portion 21 further comprises a first effective section 21a and a second

25 effective section 21b. The second effective portion further comprises a third




departing fromthe intent of the invention. 2 ~ S-s~ 2L~wr _ g7 ELMNEGL
1. An actuator assenbly for positioning a plurality of read/wite heads
above an information storage nedia, conprising: s a carriage arm assenbly
novably nmounted on a pivot and having a voice coil nounted on one end and a
plurality of read/wite heads nounted @n t he ot her end; a magnetic device
having a plurality of poles adapted to-generate a magnetic field; to
wherein the voice coil further conprises at | east one effective portion

adapt ed tefffécm@rﬁiloﬁ" 33h e TegRh SrddiRkd 5&9%& ?g@te Pi’hatsf%at "iﬂf 2 %’?Sne

pair of equal and opposite driving forces’in a

or t hogondlortien“ahesey refersdior thet voine ozfont ;bmtmwdﬂwadtlﬁﬁ heittd $he éb%rr%gpa'ﬁtﬁng
e magnetic device

act uat or | ai ned |n cI 1, wherein t

further Cr@ﬁ %e)sﬁegbssf% ‘?&] rBRongie é‘cgl@é'ﬂﬁdfwﬁgﬁet i e dgiran, t he
second rrﬂgmmecmvéepbm&nh%régre?erﬁo't@rthéy dpgb EAl BStho'nQ” %g@&siﬂélte théhe
first manetlcrelon and the voice c0|Y ei ng 03|t|oﬂ

| east zo figld; hﬁf‘cﬁdﬁq Btm‘tr@rrmehg aptuahmg Hotdes e rmneeatéd tdmetheeeond

magneti c S enb s claine 1, wherein
the carr |Fgog€éﬁ§r1m_rg§s%n'ﬂ1% fﬁl%s pltr@(g? gﬁﬁ/ én‘ﬁsﬂfﬁ%‘ag ‘?q?%t”%'wt gpngctngss.
zs 4. Th@fhctivmpomoassteIpind)\ydamethatbé&éry 8sleetridy ditclits WSV dlcé Bejl.voi ce coi
is a planar voice coil having a voice coil plane. 5. The actuator assenbly

as claimed in claim4, wherein the voice coil plane so is parallel to a
seeki ng flheneoioé doile20 éneikapicdetdhbedied o e tREIdahRElR aff 6 36T the
:”) carriage arm assembly. The carriage arm assembly is mounted on the pivot 13
10 and is movable between a first position corresponding to a first predetermined
disk track and a second position corresponding to a second predetermined disk

track, as shown in Figures 6 and 7, respectively.

A magnetic device 30 comprises a plurality of permanent magnets for generating
respective magnetic fields. In this embodiment, the magnetic device 30
15 comprises four permanent magnets 31a, 31b, 32a and 32b defining four magnetic
regions 311a, 311b, 321a and 321b, respectively. The polarity of the above
permanent magnets are arranged in an alternating configuration such that the
permanent magnets 31a, 32b have a first polarity and magnetic regions 31b, 32a
"-} have a second polarity opposite to the first polarity. As shown in Figure 2, the
© 20 polarity of permanent magnets 31a and 32b is in a direction into the paper plane,
and the polarity of the permanent magnets 31b and 32a is in a direction coming

out of the paper plane.

Referring now to Figures 3, 4 and 5, four pairs of permanent magnets 31a, 32a,
41a and 42a are fixed on to a yoke 50. An air gap 60 is therefore formed to
25 generate a magnetic field, defining four magnetic regions 311a, 311b, 321a and
321b with respective polarities shown in Figure 4. The carriage arm assembly is
pivotally fixed on to the pivot 13 in such a position that the effective sections 21a,
21b, 22a and 22b of the voice coil 20 are positioned crossing through the
magnetic regions 311a, 311b, 321a and 321b, respectively. Preferably, the




22~ EP? QUM - 10 6. The actuator assenbly as claimed in claim 1 amhepebs
t he nagnetlc device is fornmed fromrare earth permanent magnetic materials.
7. The actuator assenbly as clained in claim®6, wherein the rare earth s
pernmanent magnetic materials conprise NdFeB or SnCo based materials. 8. The
actuator assenbly as clainmed in clain1% wherein the magnetic device has
alternatively arranged magnetic fields'wth two south poles and two north
pol es, and the voice coil conprises two effective portions for to
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pl aced coaxially about a |ongitudinal axis of the carriage arm assenbly.
12. The actyator assenbly as clainmed in claim211l, wherein the |ongitudinal
axis 2s %rﬁl&% in higure 4dmbentan alestric curtenttis applied tothd heice aoili2igie ar m

13. Th I m 1, _wherein the effective
porti oﬁ gﬁ EHﬁ(ﬁerP\r/aos? %@8%1 Iya %%l?%ggg%%eg?ﬁg B8 Fedaswilk k’@nge'& ReGURed as an
i ncl uded daegﬂm saﬂstannanwertmgm @6 ties seakhy oﬁﬁecﬁbﬁ'o'rf%’e rBadrhvitdhddds
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’Vﬁ §|m|Far . @ second electromagnetic force F1B, a thlrd magnetic force F2,

10 and a fourth magnetic force F2p are generated simultaneously.

Accordingly, the first magnetic force F1, and the second magnetic force F1g are
substantially identical in value, but in the directions opposite to each other. The
third magnetic force F24 and the fourth magnetic force F2g are also substantially
identical in value, but in opposite directions to each other. In this embodiment,

15 F1a and F24 are in the same direction, and F1s and F2g are in the same direction.

The magnetic forces F1a, F1g form a pure torque to the carriage arm assembly,

and hence generate substantially no reaction force to the pivot 13. Similarly, the
2 magnetic forces F2, F2g form a pure torque to the carriage arm assembly, and
hence generate 'substantiaily no reaction force to the pivot 13.

20 The permanent magnets 31a, 31b, 32a and 32b may be constructed from four
magnetic pieces of magnets with one polarity per piece, or two magnetic pieces
having two polarities per piece, or one magnetic piece having four polarities per
piece. The material of the permanent magnet may be rare earth permanent
magnet material such as NdFeB or SmCo based materials.

25 Referring now to Figure 8, a second embodiment of the actuator assembly of the
present invention comprises a magnetic device having one pair of permanent
magnets 231a and 231b, and a voice coil 220 mounted on a carriage arm
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heads above an infornation storage nedia, conprising: s an informatfoftr Y
storage nedium a carriage arm assenbly novably rmounted on a pivot and
having a voice coil nounted on one end and a plurality of read/wite heads
mounted on the other end; a nagnetic d@vi ce having a plurality of poles
adapted to generate a io nagnetic field wherein the voice coil further
conprises at |east one effective portion adapted to interact with the
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orthogonal force generation, angles o andBp may not be exactly equal to, but
close to, 180 degrees. Figure 10 shows another variation of the voice coil of the
actuator according to the present invention. The voice coil comprises a small
partial section along or near the outer diameter of the pivot member. The majority
15 of the effective portions of the voice coil are the same as the first embodiment
described above, and serve the purpose to generate driving forces in a direction

substantially orthogonal to the seeking direction of the read/write heads.

While the above detailed description has shown, described, and pointed out the
} fundamental novel features of the invention as applied to various embodiments, it
20 will be understood that various omissions and substitutions and changes in the form
and details of the system illustrated may be made by those skilled in the art, without

departing from the intent of the invention.
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An actuator assembly for positioning a plurality of read/write heads above

- an information storage media, comprising:

a carriage arm assembly movably mounted on a pivot and having a
voice coil mounted on one end and a plurality of read/write heads
mounted on the other end;

a magnetic device having a plurality of poles adapted to generate a
magnetic field;

wherein the voice coil further comprises at least one effective portion
adapted to interact with the magnetic field and to generate at least
one pair of equal and opposite driving forces in a direction
substantially orthogonal to a moving direction of the read/write
heads.

The actuator assembly as claimed in claim 1, wherein the magnetic device
further comprises a first magnetic region and a second magnetic region,
the second magnetic region having a polarity in a direction opposite to the
first magnetic region, and the voice coil being positioned with the at least
one effective portion crossing through the first and the second magnetic
regions.

The actuator assembly as claimed in claim 1, wherein the carriage arm

assembly is pivotally mounted through its center of mass.

The actuator assembly as claimed in claim 1, wherein the voice coil is a

planar voice coil having a voice coil plane.

The actuator assembly as claimed in claim 4, wherein the voice coil plane
is parallel to a seeking plane of the readfwrite heads of the cartriage arm
assembly.
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10 10
north poles, and the voice coil comprises two effective portions for

10 interacting with the alternatively arranged magnetic fields.

9. The actuator assembly as claimed in claim 1, further comprising a yoke for
supporting the poles of the magnetic device and providing magnetic paths
for fluxes generated by the magnetic device.

15

10. The actuator assembly as claimed in claim 9, wherein the yoke further
comprises a top plate and a bottom plate defining a space for containing
the poles of the magnetic device and the voice coil.

20 11.  The actuator assembly as claimed in claim 1, wherein the effective portions
of the voice coil are symmetrically placed coaxially about a longitudinal axis

of the carriage arm assembly.

12.  The actuator assembly as claimed in claim 11, wherein the longitudinal axis

25 connects the read/write heads and the pivot of the carriage arm.

13.  The actuator assembly as claimed in claim 1, wherein the effective portion
of the voice coil comprises two effective sections configured as an included
angle.

30

14.  The actuator assembly as claimed in claim 13, wherein the included angle

is substantially 180°.
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: S mounted on the other end;
a magnetic device having a plurality of poles adapted to generate a
10 magnetic field;
wherein the voice coil further comprises at least one effective portion
adapted o interact with the magnetic field and to generate at least
one pair of equal and opposite driving forces in a direction
substantially orthogonal to a moving direction of the read/write
15 heads across the information storage medium.




