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(57) Abstract

Apparatus and method for
increasing sweep angle of a ro-
tary actuator (110) in a disc drive
(100). The actuator (110) sup-
ports a head (118) adjacent a sur-
| face of a disc (108) and an ac-
tuator coil (126) adjacent a per-
manent magnet assembly (130).
The actuator coil (126) has first
and second active lengths (166,
168) which magnetically inter-
act with adjacent first and second
magnet portions (154, 156) of
the permanent magnet. assembly
(130), with the permanent mag-
net assembly (130) generating a
magnetic flux reversal at a transi-
tion zone (158) between the first

actuator coil (126) to continue to tove in the selected coil direction.

(54) Tite: EXTENDING ACTUATOR RANGE THROUGH MAGNETIC FLUX REVERSAL DETECTION

168

and second magnet portions (154, 156). The head (118) is moved by applying current in a first direction to move the actuator coil (126) in
a selected coil direction, thcreby causing a selected one of the first and second active lengths (166, 168) to cross the transition zone (158).
The polarity of the current is then reversed so that the current is applied in a second direction opposite the first direction, which causes the

*(Referred to in PCT Gazette No. 35/2000, Section II)




20 the actuator assenbly is imersed in this magnetic field. Application

of current _ to the coil establishes a second nmagnetic field which

i nteracts Wydediazagnetic field of the magnetic cir cpttukéy Hassse
the coil to nove laterally, pivoting the actuat or about a pivot
‘shaft adjacent the discs. As the actuator pivots, the heads _ are
noved across the disc surfaces. Position i-pformation is detected from servo
25 data written to the tracks and.used by a servo circuit to control

t he bidirectional application of current to the coil. A typical

No. 5, 262, 88??23&1?@#3@@%%"@?5@%@ HROTEH SRECR IR O

Wien the disc drive i s deactivatdtEY DETEST&O%S. are brought to a

stop 30 and the heads are noved to a parked position, such as a
texturized | andi ng zone WO 00/ 1 9427

PeTlUS22 1 719%ield of the Invention o o2

near the i1 nnernost dianmeters of the discs, and the actuator is latched to
prevent i nBhisdnventionrelatesegencraily itp gherHeld o lisc drive stomgedieyices,

surfaces. Wile the heads re advant ageousl y provided w th

aer odynani ¢ f cBRd mate WEWQXaB‘Ftem(t%g 'Waﬂéﬁlf.‘ggnén’sto.m'%r?‘fe&mﬂdﬁs %‘t}&? cl ose
proximty to gxﬁﬁnﬁ&tiﬂwm&a Hhssbis MU 4984sUhe Sutthdel of AFBiaM@bINdsc.
significant adhesive forces ("stiction") against the snooth discs should
t he . heads . conme to rest on the discs when the discs are not

rotating. Such_stiction can_be sufficiently great to prevent the
di scs frifh s_taalﬁkﬂgﬂﬂ?gaqfdﬁg—Mnent of the : _

' ' Hard disc drives are commonly used as the primary data storage and
retrieval dévices in modern computer syStems. _In a typical disc drive, user data
are magnetically stored on one 6r more discs that are rotated at a constant high
speed. A rotary actuator supports a plurality of read/write heads that fly adjacent

15 the surfaces of the discs to write data to and read data from tracks defined on the
discs. : .
A voice coil motor (VCM) is u_sed to _rotate'the actuator, with a typical
VCM comprising a magnetic circuit which uses an array of permanent magnets
~ and magnetically permeable pole pieces to generate a magnetic field. A coil of
20 | the actuator assembly is immersed in this magnetic field. Application of current
to the coil establishes a seconc_i magnetic field which interacts with the magnetic
field of the magnetic circuit to cause the coil to move laterally, pivoting the
actuator about a pivot shaft adjacent the discs. As the actuatori pivots, the heads
are moved across the disc surfaces. Position information is detected from servo
25 data written to the tracks and used by a servo circuit to control the bi-directional
application of current fo the coil. A typical processor based digital servo system
is described by U.S. Patent No. 5,262,907, assigned to the assignee of the
present invention. ' ' )
When the disc drive is deactivated, the rotating discs are brought to a.stop

30 and the heads are moved to a parked position, such as a texturized landing zone



heads out onto the nonrotating disc surfaces can result in a-catastrophic.

failure of the disc drive. 10 " Accordingly, disc drive
manuf act ur eV ¥A27at t enpt ed t o provi de ever great er |REST931798i sc
drive non-operating mechani cal shock resistance, including t he

I npl-ementation of ranps at the outernost dianeters of the discs which [ift
t he heads up off of the disc surfaces when the disc drive is
deactivated. Since the heads are aerodynam cally supported above

the rotating dimeas the inneimestidignasenyenf thédiscs, anid thérecmatopss lxdheddo prdvepy er
at least a portjion of the outer&vﬁt di aneters

di |1
the actuator tona¥EEisnt MOVRRERSOIFHE heg %@n&ba{eﬁﬁsq%eq owllﬂll?st%i heads
final ‘parked poa%tah%htgg@a&gng Brovidkl vl defol AR rlalel Wi B h 8 TRAS! &, Of

t he di scs ranps typi y requires an ac

operate over a fiy aavéry close proximsitgtd thb rbatlge discsereh featates willt iadce hat
nmerely required to access all of the : tracks on the disc surfaces.

| ncreasi ngd t he ssmﬁpararaghesrm faregs (aéttm!%('ﬂ} against the speethyslisos ishauldythe heads

dosign 0" ol 1R P SHS s o M oo SHEB st o BE e
extra nagnet, Sﬁﬁﬁéle 1 great to Itarev%.‘mrtﬁe dRtS friogd stﬁﬁﬂigl dgath, s6/méverhdift b a® NI

t he mass of the coil. ects the size and 25 al'ance of the actuator,
whi ch can adverheatly oihente thepenratatipg dliscpurfagescancesult in a catastrophtie faihire af or .
There is a need, theregfore, for a way to i'ncrease the operational sweep
angl e of an acttaeolfiE?F ‘ﬁ'ﬂzhout using nodifications that add size and decrease

Rk i
' greater levels of disc drive noni-operating mechamcal shock resistance, xncludmg
the implementation of ramps at the outermost diameters of the discs which lift the
heads up off of the disc surfaces when the disc drive is deactivated. Since the -
heads are aerodynamically supported above the rotating discs, the leading edges
15 of the ramps extend out over at least a portion of the outermost diameters of the
discs to allow the actuator to sweep the heads over to and up the ramps to the
final parked posmon which is typically beyond the outermost dlameters of the
discs. Thus, use of ramps typxcally requires an actuator to operate over a greater
angular range ("sweep angle") than that merely required to access all of the
20 tracks on the disc surfaces.
Increasing the sweep angle of the actuator can be accomplished by
. increasing the dimensions of the magnetic circuit or the coil, but such design
modifications typically result in greater costs due to the extra magnet, steel and
wire material required. Also, increasing the mass of the coil affects the size and
25 balance of the actuator, which can adversely impact operational performance of |
the actuator. -
There is a need, therefore, for a way to increase thé operational sweep
anglé of an actuator without using modifications that add size and decrease
operational performance of the actvator. It is to sﬁch improvements that the

30 present invention is directed.
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to an apparatus and nethod for noving a head across a surface of a
rot at abl e di sc. In acco\r/ﬁaance with preferred enbodi nents, a
disc drive includes an 5 actuator whilth supports a head adjacent a

surface of a digc and ap actuator coil ' adj acent a pernanent nagnet
assenbly. The a@ﬂwmn rst and second ~ active lengths
whi ch magnetically i ] | [ C. .

Fhe pPéskntbrly Bnclf ﬁ%{}&eavtm& 3h agggaggran@gkgg@% r goving a

portions of the permanent magnet asse ma
assenbl y headgensssal surface ofagomtible fiscx reversal at a transition zone
between the first and 10 secqond magnet portions. ' The

head i s noved by applyasgrdance avith preferrad smbodiments; 3 discidriveuigaludeean

actuator cgil tgo : il .direction, .
t her eby causi ngi“:t&g‘%reWlhﬂ:g1 sg@)glg% ggle%ﬁgh%#&{ %gﬁ&ﬁ‘?egé’ﬁgﬁlgsgsa@gcﬁo& o1 il
| engths to crosgijadest b ipefifidrien® tagfitteassembly. Theliteuatsy &dil has Bfst bh& seddngent
I's then reversed ' so that the current is applied through 15 t he actuator

coil in a secomttivedengthowhishgosgneticaliieintéracttwith pdjacens firstcangssecgnd nmgnet
actuator coil toqfontifla\e? to m)%/]_g in tCFe se cteg_‘n oil direction.
Preferably, thePUHSEs Bt MyPFMATTY MLERt LTI NTa T HE® STERRHIY MARNShatsembbt
the disc, so ”‘fénefﬂﬁifﬁ@ﬂxfagﬁgﬁctﬂh& felktsal it 4 BEniEOPESRDbRELD mgrgﬁ& b

causes the eads t0 nove between a parked position an

operati ondd possecomhmagnet porHoR0 di sc surface. Hence, the nethodol ogy _
can be sed [0 Unl o34 | e DS, A uppyingcon iy Al BeBBRot bOBBEHLS "
the pol ar 1y of RPHSIEEAF® 1adfe WeAEHASMER Eselocted cotl flScioft B Lalsiy
can be advant agesledtad ené¢ efthedinsi aridosecond agtivei leangthhengmss the trivesitieciaiei. cal
The polarity of the current is then reversed so that the current is applied thrdugh
15 the actuator coil in a second direction opposite the first direction, causing the |
| aCmatpr coil to continue to move in the 's_elécted coil direction. _
Preferably, the disc drive includes a ra.x'np near the outermost diameter of
the disc, so that movement of the coil in the selected coil direction causes the
heads to move between a parked position and an operational position over the
20 disc surface. Hent:e, the methodology can be used to unload the heads onto
ramps at a position beyond the outér diamet'gr of the discs. -
By moving a selected active length of the .coil across the transition zone
and then reversing the polarity of the coil current, the sweep angle of the actuator
can be advantageously extended without requiring changes to the mechanical
25 configuration of the disc drive. | |
These and various other features and advantages which characterize the

present invention will be appa_renf from a reading of the following detailed

description and a review of the associated drawings.

30



25 configuration of the disc drive. These and wvari ous

ot her features and advantages whi ch characterize the - pr esent

i nvention wvbleohes2apparent froma reading of the fol I ow ng deprariusedo/21798
description and a review of the assom ated draw ngs. 30 WO

00/ 19427 _
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Brief Description of the Draw ngs FIG 1 shows a top plan
view of a di sc gd b BEEHRADFAwiAgC or dance with preferred
enbodi nents of héeﬂ/]gersggmt I nvent 1 on. - FIG 2 provides a

functional bl ock di dflGarh shows asmpv[damme@uofadfsctdnyedqosmcﬁed in actordamcef

FIG 1. A 3 I‘OVI t.[?x ﬁ@g‘l an.representation of a .
per manent rragné'Y“hPrefe“e Sasll ﬁ@'“?fﬁ VERHAR ot or (VOM) of FIG 1,

showing a transiti onggep I'?zeprowdes a mﬁ@i@naﬁﬁlo@k laﬂé?ﬁﬂrdf abs%%@ﬂcxﬁgbﬁgferﬁlsc

per manent nagnets. raphi cal representation
magni't ude Sand piriveroftBIGofl. nagneti c 10 fI ux of the VCM showi ng a fl ux
reversal at the transition zone of F |G 5is atop

pl an view of the perkHheRro Hﬁ’&ﬁéth?La&FSPEFSS‘FmW@fBPFﬁnmn t magnet

assembly of the voice coil motor (V CM) of FIG. 1, showing a transition zone
- (TZ)ata boundary between adjacent permanent magnets. o
| FIG. 4isa graphxcal representation of magnitude and polarlty of magnetic
10  flux of the VCM, showing a flux reversal at the transition zone of FIG. 3.

FIG. Sis atop plan vjevf of t.he pe‘n’nanent' magnet éssembly of FIG 3in
conjunction with the actator coil of FIG. 1, ‘with current being appliéd to the
coil in a first direction to move the heads of the disc drive to a parked position.

FIG. 6 is similar to FIG. 5, excépt that one arm of the coil is aligned over

15 the transition zone and no current is being applied to the coil.

FIG.'7 is similar to FIGS. 5 and 6, except that the arm of the coil is now
past the transition zone and current is being applied to the coil in a second
direction fo continue movement of the heads to the parked position.

FIG. 8 is a flow chart for a HEAD UNLOAD routine, representative of

20 steps carried out by the disb drive in accordance with preferred embodiments of
the present invention to move the heads to .the parked position.

FIG. 9 is a flow chart for a HEAD LOAD routine, representative of steps
carried out by the disc drive in accordance wiih preferred embodiments of the
present invention to move the heads away from the parked position.

25 |
Detailed Descripti |
| In order to provide a detailéd description of various preferred
embodiments of the pl_'esent'invent_ion, reference is first made to FIG. 1, which
provides a top plan view of a disc drive 100 of the type used to interface with a

30 host computer to magnetically store and retrieve user data. The disc drive 100



~conjunction with the actuator coil of FIG 1, with current being applied to

t he oil  jiJ3 a first direction to nove the heads of th ' jye
to a par ked" odsollltgiugn. FIG 6 is simlar to FI G%c@{n?sg)g(}gyg%‘
that one armof the coil is aligned over 15 the transition zone and no
current is being applied to the coil. 5. FIG 7 is simlar to
FIGS. 5 and 6, except that the armof the coil is now past the

transition zong cyrrent i ing. applied to-the coll in a,second

i recti ont o conTsa e Ahk TorR FisARRREE ehpinttes thibg' Beimve 100 are
FIG 8 s a [l RMuRRAr ALGE cdver0 CAIGNG patihl Aflawi M) bBbbetted Wil
steps carried out by the disc drive in accordance wth preferte

ermbodi ment s of the base deck h@2 tr fogmrdn interaal, sealed environendri dohediisd drivd)e _
par ked position. ) 'l:1IG 9is aflgw,chart,for a HEAD LOAD
routine, representafy$pindle motepshown generally at106) is proyided g refateca pluralityi n

accordancg wt . . e i : . re Lpventiop to
nove t he ﬁeadsg%%?flfrﬁé%dhg&g‘gr e%ﬁﬁpxg?}ﬂrgﬁxg dﬂ%“ 108 di'd %It ﬁ‘@g speecP
Description  (in thousands of revolutiofeper minute)\inde aagdiat diteetbrl@endtedby afroRf
various preferred ~enbodi nents of the present invention, reference
is first made 1QP.Fliser data@pg Whitten to and regdofypractsacks (ngt designateidy an dhe disch sc

drive 100 of t u i ] 0. t conputer .to
mmanet i oal |y 50 iFRTa BEheb Br al aBiuat Sellubely 81 wpich (fits, GHR 8 vehrib
00/ 19427 %haft assembly 112 positioned adjacent the discs 108.

PCTI U899,182179 -5 -

The actuator assembly 110 inclugles a plurality of rigid actuator arms 114
~which extend toward the discs 108, with flexible suspension assemblies 116
(ﬂexur‘e_s)éxfcn&ing therefrom. Mounted at the distal end of each of the flexures
116 is a head 118 which includes a slider assembly (not separately designated)
designed to fly in close proximity to the corresponding surface of the associated
15 disc 108. The heads 118 are preferably characterized as magneto-resistive (MR)
head_s:._each having a thin-film inductive write element and an MR read element.
| When the disc drive 100 is not in use, the heads 118 are moved over and
come to rest upon raxﬁps 120 at the outermost diameters of the discs 108 and the
actuator assembly 110 is secured using a magnetic latch assembly 122. For _
20 purposes of the present diséussion, the heads 118 are said to be "unloaded” when
parked on the ramps 120 and "loaded" when the heads 118 are over the surfaces
of the discs 108. ' .
The radial position of the heads 118 is controlled through the use of a
voice coil motor (VCM) 124, which includes a moveable coil 126 which is
25 attached to the actuator assembly 110and a stationary magnetic circuit 128
mounted to the base deck 102." The magnetic circuit 128 uses a permanent
magnet assembly 130 to establish a magﬂetic field in which the coil 126 is
immersed. It will be noted that the rﬂagnet_ic circuit 128 includes an additional
magnetic flux path disposed above the coil 126, but has not been shown in FIG. 1

30 for purposes of clarity. The heads 118 are moved across the surfaces of the discs



~are said to be

I ncl udes a base deck 102 to which various conponents of the disc drive 100

are nmounted. A top cover 104 (shown in partial cutaway fashion)
cooper at es WPtOp19427 t he base deck 102 to form an internal PCEUSPUA798
environment for the disc drive. A spindle notor (shown

generally at 106) is provided to rotate plurality 5 of
axially-aligned, rigid, magnetic record'lﬁg di scs 108 at a constant high
speed _ (in t housands of revol utions per mnute) in an angul ar

di recti on denotl68 tln;oughlthﬁmpphcatlon ofi@grentde thegenibl2fr.e wri tten to and read

et uat or  assenbl ydf?o%n FRetERg 137 BLOviG e seqpisi dlgpirical confecsioR Rata | y
112 posi tioned AR08 agsﬁﬁbg‘ BPwhilS alldWing pivotal movemé_ﬂeoﬁﬁ%@ﬁxg{ assemply

110 includes a ra Ity of rigid actuator "arns %xt end
toward the di sasseilrfwy 110 diring epetatien.s Thedtexi assembly d3BlineladdslH

(flexures) extend therefrom I\/gf%d at tgifbdl st.al end of each of the
flexures 9 ifiex/dgivap eHCuif Te3mp) WhichapphessWrigh-pursents ko the writs
separately deS| d to t
correspondi ng su?r?eg’%eafo € aedsalsl(s%g@*rg{ée w&@ Bbé(rgh gﬁcggﬁpl%ﬁgx%‘gé}é cﬂrgngr e

preferably chaiaiesviRzedd %ltniweﬁ the headss118/éurind) read operatidhea¥e pisbnp
having a thin-filminductive wite elenment.and an MR read el enent.

Wen the disc d34fertheyamplifiesreadback signals obtainadsduring aread aperationand and

Ther 10 "o o BAARE bl bisk OFvE LB ER S RIS helfmldiipeied §ﬁ s dfe *¢
assenbly 1$22. Hfive %Pinted RO @CB) @teh&s & ihe Und6RR! 6iMthe bb& pl18
oaded arked on the ranps 120 and "I oaded

when the heads 118 6. a\sbows Iaéuwmabb ck diagram ofa setio cireuits14M6f the disc
The el poshLlo ol FiE. RS e MBSk 0B e 2 s
o eS8 38R el P okt SO Wl LS f 120
magnet assenbl ¥18,3fresrophifiechby thehpreampdiddi and proviideditn avdemdduldtiorcairduitl P& i s
ASTJF »[ ,Sgﬁ &pl t lehkchbc% g?t}o%(sj tﬁehgéwct) gatar%g g?c;[ciegsixggl {))(': g Is;[:rv%.)zlggroi:t;]s(s:clnEJ 9245» aﬂich
preferably comprises a digital signal processor (DSP). The DSP 144 uses
. programming steps stored in DSP memory as well as commands issued by a top-
level disc drive processor (not shown) to output current command signals to coil
driver circuitry 146 which, in turn, adjusts the amount of current applied to the
20 coil 126. | |
The diagram of FIG. 2 further shows a magnetic flux transition sense
device 150 which is rigidly affixed to the actuator 110 in close proximity to the
coil 126, as shown in FIG. 1. The sense device 150 preferably comprises a hall-
effect sensor or similar device configured to detect changes in VCM flux density
25 as the actuator coil 126 moves relative to the magnetic circuit 128. The analog
output from the sense device 150 is converted to digital form by an analog-to-
digital (A/D) converter 152 for use by the DSP 144. Use of the sense device 150 -
~ during head loading and unloading operations will be discussed below.
FIG. 3 illustrates the permanent magnet assembly 130 of FIG. 1 in greater

30 detail, and shows the assembly to comprise two adjoining magnet portions 154,



magnetic flux path di sposed above the coil 126, but has not been sh'(f)wn I n

FIG 1 30 yposes of clarity. The heads 118 are noved
surfaces of Y{%gﬁ%ﬁgcs WO 00/ 19427 PEFRRSs
-6-
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108 through the application of current to,the coil 126. A
fl ex assenbly 132 provides the requisite electrical connection paths for

the actuat Ly, 110 whi | e al | aui ivot al t _of the actuat
ascentl y 110 dudigvipansensipnerle (P AP pilbon TS SR Hest kes idicpied Uy
preanplifier/drpuienQineClss). THhé mapneaEBlx WhhnabrerRAk] SOt hidhef dsefdi 136

the wite el ements of the heads 118 during a wite operatio
appl i es read bi are itlustrased by curve 160 indFIChet, ipidttegdaagainse ar x-axinl 62 heditrpd of118

ot abt o ncROUR At 574016 g ox at Midd G S0Bu | B S92
dissc drivescont fyQlnBeacis it i ditel 166 R MVebRYEHenE, il & find Jeversdll |V

printed circuit boa PCB) attached to the u ase deck 102.
FIG 2 shows a (iungaitransitiohdlabangt mgflwnpaolarity) secwmingi at ahe trafsifion zohd1€58li SC

control ' the BUGT SebAvEHe eSS attembl 1 AE FLG, 3 db ganinatien with th
aneduces by, e8] U ) b i J560Pb S GHRBEEGAL
servo data for (sucitas gianghdwn)a terque forpe@O2ee indirédd upbni aétive lengths 166, 168
Pref er abl Yo COMPs e vonl 126 1n accordasbe with the Lorens relation. The cofl 126 will <
accordingly rotate in the direction indicated by arrow 170, sweeping the heads
118 across the surfaces of the discs 108, o
Application of current in the opposite direction will likewise provide
~ torque forces in the opposite direction, resulting in movement of the coil 126 in
15 the opposite direction as that shown by arrow 170. Thus, during normal
operation the position of the heads 118 is 'accufately controlled in relation to the
polarity and magnitude of the current applied to the coil 126. '
Maximum torque is achieved from the VCM 124 by maintaining the
active lengths 166, 168 of the coil 126 on each side of the transition zone 158;
20 that is, the active length 166 interacts with the magnet portion 154 and the active
length 168 interacts with the magnet pbrtion 156. The purpdse for the change in
flux polarity at the transition zone 158 will now be apparent: operating both of
the active lengths 166, 168 in a magnetic field with the same polarity would
result in opposing torque forces, since the applied cﬁrrent passes in one direction
25 along the active length 166, but in the opposite direction along the active length
168. | | |
'Contrawise, substantially zero torque can be obtained when a selected one
of the active lengths 166, 168 is disposed over the transition zone 158, as shown
for the active length 166 1n FIG. 6. However, as discussed below, sufficient
30 momentum can be initially imparted to the coil 126 to. allow the coil 126 to
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progranmm ng steps stored in DSP nénDry as well as comuands issued by a top-
| evel disc drive processor (not shown) to output currént command signals to

coi | wodiore€x7 circuitry 146 which, in turn, adjusts theP&EQi$a%217P8

current applied to the 20 coi |l 126. The diagramof FIG 2
- further shows a magnetic flux transition-sense device 150 which is

rigidly affixed to the actuator 110 in-8l-ose proxinmity to the coi |

126, as shown in FIG 1. The sense device 150 preferably conprises a hall -

- effect sensor ebntihwe toamodein dmeaiimmfih@inaﬁed bycthdatremlmmmst‘pasvm\dfl ux

~density 25 as the actuator COI| noves re.I}t tothe magneti c
circuit 128. Tn@nawg@ne 158 to theeg lﬂm’f‘ W8 18dilSe 7devi ce 150 i s

converted to digital ﬂ?ﬂ t erter
. 152 for use by the § f%gct%qk%hs}gﬁgzmewﬁtcoe 1%&%3 %’ﬁ?ﬁeg head
| oadi ng and’ unl1ggdindds ap®Idisposed ovér the magliesportiond Sbe i the magnet portion 156
FIG 3 illustrates the permanent nmagnet assenbly' 130 of FI G I n greater

30 det & |, avas madsergeenongh dopesommodatepethactivadengthisol 66, d@S pihgnet

portions 154, g actuator coil 1\% co%&gétgztxally become "stuck" in such a position, 7smce

156, with a tranprsi9arEeile 4d@ioRtoil 126 el péneritb oppbihyesiqué fsrcii cat ed
"~ by broken |ine 158% The magnetic flux characteristics of the

magnet -assenbl-yadBof the active lengths 166, J68y dt will by netedy thougb, that mecmagnet
DL oLt o agal s AL et 165 i pos @A PR RSl 2 °
10 ~magnet portion 156. This essentially lumts futther magnetic mteractlon between
. - these two elements, as the effects of magnetic frmgmg will typically beata
| minimum level beyond the edge of the magnet assembly 130.
_ Continued movement in the direction of arrow 170 can be obtained if

current is now appliéd to the active lengths 166, 168 in a second direction

15 - opposite the first direction (shown previously in FIG. 5). Less overall torque
will generally be obtained for the same magnitude of current since only one of
the active lengths (i.e., length 166) is over the magnet assembly 130, but
sufficient torque can nevertheless i)e | getierated to rotate the actuator 110 in this
configuration. ' |

20 The foregoing sequence of applying cufrent in a first direction, coasting
over the transition zone and then applying current in the opposite directio_n to
increase the angular range (sweep aﬁgle) of the actuator 110 will_ now be
discussed more fully with reference to FIGS. 8 and 9. FIG. 8 provides a HEAD
UNLOAD routine 200, representative of programming utilized by the DSP 144

25 of FIG. 2 to move the heads to a parked position (i.e., unloaded onto the ramps
120 shown in FIG. 1). It will be readily apparent that the use of ramps 120 is
merely illustrative in nature and the present invention, as claimed below, can be
ﬁsed with other parking schemes such as, for examplé, texturized landi'ng zones
at the innermost diameters of the dis;ﬁs 108.

30 As represented by step 202, after a period of normal operation for the disc



5 it can be seen that the curve 160 is inversely symetric, with a flux

‘reversal sfi-e., atransitional change in flux pol arigafhyesyosi NY
at. the trangy ?I on zone 158. FIG 5 shows the magnet
assenmbly 130 of FIG 3 in conjunction with the actuator coil 126.

As current (1) is passed through the coig_in a first direction
(such as that shown), torque forces (F) "are induced upon active |engths

The coi | 126 ufrire 100, Tafivh sl o taARAREC Rt SobaFubBler s Einfo e by
arrow 170, - swegpidig &ﬂ?@eshﬁﬁfb%ponse to the rei:id?laﬁ@f aﬁnﬁllb@@owf foagfizetthd he discs
108. flcatlon of current e opposite direction wll

| i kewi se pr ovi rbtational momamm@é theospirming dlSFhéO%ppgmm'ﬁe@Dmmfomshomsul ting
i n nmovenent of the cojl 6_in 15 directi as that shown
by arrow 170 oot Qﬁﬂ%é 3 Wred mllhxsecogggﬁﬁf nth? ﬁ§°§)3§§ CPES 1812 PR
heads 1184 ﬁHrtﬂfsﬁo}gx{e?%g sﬁ& Fétﬂ& a2 drivel 10 for a deachﬁ?écﬁﬁ%%e and

magmtude of t e cur app col | 126. Xi mum

torque is achingifiing ﬂﬁrmtbwiméﬁﬁbf ﬂ%dads b8 to thiepiarkpd fusition. Of comst)j s
| engt hs 166, 168 of the coil 126 on each sjde of the tran5|t|on zone 158;
20  that is,saveeoxeri(such asippartabls @pphigationsk it 15,3180, commondg halt fyshes on 154

o Eonc! i of 0108 e LR bt e VAREREEAARGRS BiwASC

158 will ‘now %&EW&@hxcs@Eﬁ@dm@dnb@ﬁm stuch asina "stebp’ ar:t'swm-bymﬁidaa) 166,
168 in a magnetic field with the same polarity would result in

opposi ng1@ or quhdsritwil] be nnderstond thatshe eperation ehitep 392 sepresenthe commuadi on

25 al ong the act 1 ong the
active | ength tomoveth eté’@g tho e paPlH:td ﬂo@é}?\t ?rggs%ggn\; gé‘%‘gxc {)?‘g?r @aszero
torque can be gitai nYemdvad fehttkativene of the active 1engths
166, 168 is disposéd over the transition zone 158, as shown for the

active length 166 i Iansﬁmsﬁ to thisisommand s the RSP 344 @peratesvip applyf tirtemto He:

oment um can b§OllI ?IZé Ilnala | t e%trlgl('?,dstép%éij %0 %8(!38 erat2e6 ; %Oﬁ 158W ttltx]eeaﬁ\'pcl)'bllarlz}tga

15 direction to cause the heads 118 to move toward the parked position. At this -
point, the coil 126 will generally be in the normal operation state éhéwn in FIG.
5, with the active lengths 166, 168 of the coil 126 on opposing sides of the
_transition zone 158. As the current is_applied,"the DSP 144 monitors the output
from the sense device 150 (FIGS. 1 and 2) to determine whether the transition
20 zone 158 has been reached, és indicated by decision step 206. |
' Once the transition zone 158 is reached, the current is removed from the
coil 126 at step 208. This condition is generally represented in FIG. 6. The
momentum previously imf)arted to the coil 126 from step 204, however, will
~ cause the heads 118 to continue to move toward the parked position during this
25  time. |
The DSP 144 will continue to monitor the output from the sense device
156 until the coil 126 has moved past the transition zone, decisio'n_ Step 210, after
which current 1s applied to the coil 126 in a second direction oppbsite the first
direction, step 212. This condition is generally reﬁresented in FIG. 7.

30 The routine of FIG. 8 provides a brief period of coasting to allow the
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continue toW®WEIHE direction indicated by the arrow 170 and F&d8{S9pat181t he
transition zone 158 to the configuration shown in FIG 7. I n

FIG 7, the active length 166 is shown to be past the transition zone
158 and i s now di sposed over the nagnet- Hbrtion 156. If the nagnet portion
156 5 was nade | arge enough to accommodate both active |engths 166,

168, the actiye dengtio 1 6%t substagtialburleanbe«eder of he magratassembly U30i n such

it f h | | d '
Gener at éogpposﬁ?SO?&PaﬂsatPﬁ Q1368 g e socdfg AEEURE Al el dins 166,
168. It will beddaitgbf thd'€viPburréft@dould e FRERARH the moment ﬂﬁ%ﬁdsg nf]zrlﬁh I%f )

sized so that the aCtive length 168 is positioned past the en
- magnet portion itd6etectEli dneitbemeasa] it js tontemplafedrthitethe megmerttim ofithe aewhiodn

bet weén theetV\,o el ement effecls of magnetic fringing
will typically YO wilcoptinue to mov Eﬁﬁﬁ?ﬂfq&é? ﬁ!fe‘ﬁﬁadldﬁég%eevﬁﬂ if fer pagnet
assenbly 130. Fe N | flggrrow
170 can be obtal neJm?) the cune&qgtat’@ent @gﬁgquggp cg?ottga{: e gegx fh\gle@engt hs
166, 168 in a smscmdodelrmetsamarﬂd'gnetpmpn5| te the f| rst direction (shown

previously in FIG 5 Less overall torq wll generally be
obt ai ned for the san %@Hl%&@]&lﬂﬁéém‘%ﬂn&eﬁ@EtI%PQFHﬁe&oﬁ willbe  the

active lengths (j.e. .l r assenbly 130, bu

suf ficient tor cf%o@éﬁdr@\l}g}reﬁ? ess ggagdgnleltrsrz}t%ng;%qs&bm%%suﬁ 2 upiber 8% 110
inthis 10 cofiPéHtionbl wiysQincléding through detectior6f the TR Cit FehiSle BdSIACSEasO
applying current:in a first direction, coasting over the transition:

zone and then apgdesthedcads (thnough ﬁelea@ompbﬁm S@Efmlrﬂ&tecmtbmdtsgﬂ and that such
mformatlon can be used to adjust the magmtude of the current apphed to the coil

126 as the heads 118 are moved to the parked position. It is desirable to bring -
the heads 118 into the parked position in a controlled fashion: too high a terminal
15 velocity can potentially result in damage to the heads 118 or the actuator 110.
Also, when ramp loading is utilized (as preferably envisioned), some minimum
amount of velocnty is necessary to drive the heads 118 up the ramps into the final
parked position. ' T o ' '
~ Adding to the complexity of' the head load operation is the variability in
20 the initial position of the heads 118 when the shut down command is issued (step
202); the heads 118 can be at the innermost diameters of the discs 108 when the
shutdown sequence is initiated (requiring a large 'amount_ of actuator movement to
park the heads), or the heads can be at the. innermost diametefs of the discs 108
(requiring only a small amount of actuator movement to park the heads). Most of
25 _the time, the heads 118 will be somewhere in between these two extremes.
Hence, it will be understood that the application of current in the first and
second directions, as set forth by the operation of steps 204 and 212, will likely
_resuli in the application pf variablé magnitudes of current in these directions,
depending upon the conditions of each particular head parking operation.

30 Nevertheless, the first and second directions of current will both operate to



I ncrease the angul ar range (sweep angle) of the actuator 110 will now be

di scussed Myfodiidady W th reference to FIGS. 8 and 9. FIG 8 paayiwgesids
HEAD UNLQOAD routine 200, representative of progranmng utilized by
the DSP 144 25 of FIG 2 to nove the heads to a parked position (i.e.,

- unl oaded onto the ranps 120 showpiin FIG 1). It will be readily

- apparent that the use of ranps 120 is nmerely illustrative in nature
- and the present t ther
parki ng SchemosELRLRE kil fatestal Rl RE A, 138 «ifard the parkeli PSicth 1
the innernost diuzhet explicidy tdnuemphtesl thaéBbrakihg current may alsoqse gl eAshiingd by

V\D

step 202, after a period of nor1r£ato operation for the

di
00/ 19427 the operation of step 2 bring the heads 118 to the ﬁnal loaded position in

PCTI US991 21798

drive 100, a dr{atgRs where the gg%]dtfelnlgeap roach;the ramp, 120.at 2 high ighef than desirpd
conmon 5 tefrindi v6lotity. vmeresﬁnglyﬁmn&ﬁamgtchﬁemewnvaé upﬂleS'lm&l"l ed
power, to utilize the - rotational nonentum of the spinning discs 108

to generate pov@recn@n (as imweR 204), so that guerent applied iithe santecdirestion witl

bei ng used o pRupAcrsts 3 e BRIk Rehed BRuol 196 o0 Staie T

i ncl udi ng the novenegbnRfuihd Withahe sodtiié 6fCFI'd”'€8 REiSR s8Q5214 @dterrne£OUT SE,
to save power (such as in portable applications) it is also common

to halt furtherwhether the headsat &haveffinaliy reached thearked position edfegrsehiclppoinod
dri ve' 1001q sucrArYGARRI ) CEPBas thespaies amaves A 1ERiB0 Abthe 2cRmRRi 106 vi 11
- be understood tjaghed P sBfd ﬁE'lﬁstOilﬁnedﬁe %Qﬁceﬁep%ﬁﬁﬁnhsst@p gi)gnmﬂg routine
o then ends at step 220.

Referring now to FIG. 9, shown therein is 2 HEAD LOAD routine 230,
which represents programmxng steps carried out by the DSP 144 to move the

15 heads 118 from the parked positibn out to an operational position over the
surfaces of the discs 108. It will be understood that the routine of FIG. 9 is
carried out to reverse the operation of the routine of FIG. 8.
At step 232, the discs 108 are brought up to a rotational .speed' sufficient
to support the heads 118, after which cul_'rént is applied to the coil 126 in the first
20 direction to initiate movement of the heads away from the ramps 120. It will be
- noted that the same convenﬁon used in FIG. 8 applies to FIG. 9, so that the
"first" direction of step 234 is the same direction as the "first" direction of step
204. During this operation, the coil 126 will be positioned as shown in FIG. 7,
except that the directions for current (I), force (F) and movement (arrow 170)
25 will be opposite that shown.
As before, the DSP 144 will use the output from the sense device 150 to
detect the transition zone 158 (decisioh step 236), after which the current will be .
removed from the coil 126 (step 238) until the active lengths 166, 168 once agaih
straddle the transition zone 158 (decision step 240). 'Current is next applied as

30 required in the second direction at step 242 to continue to move the heads 118



to nove the heads 118 to the parked position, |rrespect|ve whet her pomer
has actually been renoved fromthe drive. I n
response t oWoHI49€Gmand, the DSP 144 operates to apply curreRETUSIYHIS
coil 126 in a first direction, step 204, to accelerate the coil 126 in the

appropriate 15 direction to cause the heads 118 to nove toward the
parked position. At this poi nt - ¥2re coil 126 will generally be in
t he nornmal operation state shown in FIG 5, with the active |engths

166, 168 of thawayi fromzme parkeg position, aftegovhich thehdisc drive 100 tontimies iwdth zone

158. As the current agglleg‘%‘theDPlM nonitors the out put
fromthe sense "85‘9%’@“1 ctig) 1pjtiafes npma HP‘H'@“%@@%?‘H hdhe

transition 20 hegygpeen reached, as indicated by decision step
206. : rouu&eog%c%ﬁﬁe transition zone 158 is reached, the current is

renoved fromthe It will nowibe feEGgmeMepm&(ﬁeseIhirﬁemﬁmﬂla% eibodfeddpiginal | Y
represented in FIG 6. The ment um previously inparted to the coil

126 from Step 204 claimed pelow, ﬁdwntageously exieads the sweeepangle afitbe rotuatontlilfue t o

nove toward th [ | The
DSP 144 will cdd ﬁ%h‘lt(gg?&’?’%o‘%‘i &k{% e @‘%i%&rﬁ ‘h%%éﬂs]@“deﬁ‘l!‘é“gh

150 unti | the @@mhne&aﬁvaa&ﬁmeshmﬁmé lkentexPorrloMing BHtchead§ 6h Ahpit €P
210, after which current is applied to the coil 126 in a second

di recti on opposha basihmethodglogy can be exignded:to ether Stl@pomzsucﬂ'hs paxdmngmtl onis

general ly represented. i %0 uti ne of Fl
provi des a bri BF CE 54 Rgze& anding, chogqu g&s?sné)r extenamgt W/‘lf 97
~ PCT/ US99/ 181798 actuator 110 during normal operation. ‘

Ok

* Depending upon the configuration of a partlcular drlve it is further
contemplated that head unloading and loading can be camed out without use of
the sense device 150. For example, upon receipt of a head park command, the
actuator 110 could be initially moved to a known position (such as against the

15 inner Iimit stop to bring the heads 118 toward the innermost radii of the discs
108), after which the current could be applied in the first direction to initiate
movement of the heads 118 toward the parked position. If actuator response
characteristics are sufficiently repeatable, then a timer could be initiated and after
a selected amount of elapsed time, the current could be removed (coincident with
20 passage of the coil 126 over the transition zone 158) and then reversed to the
second direction to complete the parking operation.

In sﬁmmary, the present invention provides a method and apparatus for
moving a head across a disc surface. In accordance with preferred embodiments,
a disc drive 100 includes an actuator 110 which supports a head 118 adjacent a

25 surface of a disc 108 and an actuator coil 126 adjacent a permanent magnet
assembly 130. The actuator coil has first and second active lengths 166, 168
which magnetically .inter.act with adjacent first anldl second magnet portions 154,
156 of the permanent magnet' assembly, with the peﬁnanent magnet assembly
| generating a magnetic flux transition 160 at a transition zone 158.

30 The head is moved by applying current in a first direction through the



- 10 - active length 168 to substantially clear the edge of the

magnet assen@}cym;l@g)ﬁ7 before application of the curren_tp&p,dspﬁz”gs
second direction. Alternatively, the "~ polarity of the coil Current
- could be reversed the nonent the transition zone 158 i s detected.

In either case, it is contenplated that tfe nonentum of the actuator 5
110 wll continue to nove the heads 118 in the desired direction, even if

(for-a g1y L ; i to.the coil 126 while
both active | eng@ﬁ%‘%&%{ﬂ% m&Jéemg u&%‘g&grc le)ﬁ(%@gg utegééi'dscgﬁec{]%éﬂgt”é@f‘flicﬁ?ﬁe a
Al t hough not exeiegted! dheoTehefifst ahdl eedont tactite Rhgthk G cfoss ithe %Miti@l‘?zone
recogni zed that velocity of the heads 118 can be readily nmeasured a nunber

of 10 convent(ptopsR34va33$), andcthen suhsequenty gpplyéngcurrent thfoughehe atteatat coil
whi ch tracks pass ._under the a hr ough detection of the servo
data on the di scBf Se&opg @m%rpoglggaosxf.eqﬁe %%St%’f%??fgfq BIOVE 2bF Hduaigeaod in thej ust
the magni tufde oOfgefeb@RdaiIldRELP RPN the coil 126 as the heads
118 are noved to the parked position. It is desirable to bring t he
heads 118 into the pdt kil bpaisar that thepresend inveatibe ds ekt ladapted toattdinghe ends

termnal 15 vel gcity can "Eil%te tial hy result in damage to the heads 118
or the actuat or 2hd@dvantages mensjored as,Well as shese ipheaenidherein,: Whilecaipresently

preferably envigj , 2 R . /&l 0 i s
necessary to dr ﬁi\lfgaﬁ%)ei eﬁg’gg@‘éﬁ@hﬁ t dees‘r:ré%lsfaFﬁyg;(}tsggeogﬁﬁsaﬁlsa&m *  parked
posi tion. numerous chafgktimgy bomialle whictpwilk rdaililp sugdest Heattelvea o those
operation is the variability in_20 the initial position of the heads 118 .

when the stut dgkilleddntianrt pad whigheare enerppassed in the 3pirit of thesintveatien 118 can
be at -the inner ﬁ?&@osg&?ﬂfﬁgﬁéﬁﬁﬁ imﬁ 9;5 ﬁﬁedlglﬁ' en the shut down
tiate

sequence i s initi requiring a --,%r € anolunt of actuator novenent to
park the heads), or the heads can be at the innernost dianmeters of the

di scs 108 (requiring only a small anount of actuator novenent to
park the heads). Mst of 25 the tine, the heads 118 will be sonewhere in
bet ween these two extrenes. Hence, it will be understood
that the application of current in the first and second directions,

as set forth by the operation of steps 204 and 212, will likely



result in the application of variable magnitudes of current in these

directions, dependi ng upon the conditions of each particular head
par ki ng opewarog®42730 ~  Nevert hel ess, the first and second BETEEVHA of
current will both operate to WO 00/ 19427 T

gg{ayg'?zl'?é:ﬁﬁe forces that nove the healds- 118 toward tllu"’u'l’uumyﬂlﬂwb
t sha

It is further explicitly contenpl ated that braki*ng®cukren

al so be utili zaTlaithg:i ng the operation of step 212 to bring the
heads 118 to the final |oaded position in situations where the
heads 118 approach the ranp 120 at a higher than desired 5 term nal

velocity. Interestingly, C | LU 1], in the "first"
direction (as in stgg 204‘?’,Lh éﬁg??ﬁﬁ#ﬂg\(}r gh?@%ﬁp ri‘ié‘l}a?ﬁ“&ﬂ? § ]Pﬁé‘dcﬁ%?aé’s?ﬁ%n
will ididd durtacy ang a6 hetaloe coil adjacertra ﬂ)éﬁxﬁhetﬂ%%tﬁf #dsembly1§nE01 |
126. Continuing with the routine of FI 8, deci'sion step
214 det er mi nes actuator coil havingHfarst and>sacond sctiveslengthe whichanagnetizalty intetabe
parked position,..a oi nt .10 l.ied current is thereafter

aft, i ch '
removed at® st eﬁmg'iB‘i‘g‘Fﬁﬁ’t ‘h%_a&_gtsﬁ%mi%t Pg%ng%lgme PATHEBRidIeERet ecur e t he
heads 118 in t he M Cfte PRThAdedR nw%hét%?@nﬁﬂ*%en@ﬁﬁn%?‘éﬁdggﬁtig Itl‘l(l)xx re tﬁszhha?n

ends at step 220. ef erring  now to wn eréinis
a HEAD LQOAD r oattramsitit®(zone between thé ficst and seamdhagnet portioms) 2 gnetticelpforcar ri ed
out by the DSP 144 to nove the 15 ..  heads 118 fromthe parked position
out to an oper ﬂ?‘ﬁﬂ&p‘%ﬁ@ﬁﬂﬁs M’s? ﬁg?ace, comprising steps of:

(2) applying current in a first direction to move the actuator coil in a
10 o selected coil direction and cause a selected one of the. first and
second active lengths to cross the tranéition zone; and
(b) applying current in a second direction opposite the first direction to

continue to move the actuator coil in the selected coil direction.

2. .  The method of claim 1, further comprising a step of:
15 (c) subsequently applying current in the first direction to retard movement

of the actuator coil in the selected coil direction.

3. ‘The method of claim 1, wherein the applying steps (a) and (b)
cooperate to move the head from an o_perational position over the disc surface to -

a parked position.

20 4. The method of claim 1, wherein the applying steps (a) and (b)
cooperate to move the head from a parked position to an operational position

over the disc surface. -

5. The method of claim 1, wherein the applying step (a) further
comprises a step of:

25 (al) removing the current applied in the first direction to cause the



~surfaces of the discs 108. It will be understood that the routine of FIG 9
S carr] out to reverse the operation of the routin o
At step 232,“'?3@993@05 108 are brought up to a rotati-onal spe%ﬁ"ﬂﬁ%%?gnt
to support the heads 118, after which current is applied to the coil 126 in

the first 20 direction to initiate r_’rqggrrent of the heads a
ranps 120. It wll be noted t hat "t he same convention uiﬂ“!‘ﬁlﬂﬂmmﬁ””“l
applies to FIG 9, so that the . nfirst” diredction_ of st *
sane direction as the "fi Pgtf‘atoﬁit?g‘e‘isfb‘hﬂﬁfseéﬁgﬂ°°ﬂ IrectioB1  puring this
operation, the coil 126 wll be positioned as shown in FIG 7,

except that the directions for current (1), force (F). and novenent (arrow

170) 25 wi || be 6pposiThe method eficlaim 1, wherein the applying 4&pl(@f fiirther t he DSP
144 will use the output fromthe sense device 150 to - detect the
transiti on zoneCHBPIREEATER B step 236), after which the current will be
renoved fromthe coi . ; ' ' 168 .once
again stradd kaelg} ;ﬁglg@ﬁ %ﬁgﬁ%@?)&ﬁé‘%ﬂg@%@&h?é%@%ﬁgf (Igﬁﬁgé g %te%tﬁ%f)yewtr ent

is next applied as 30 of éiseleettd onet dfahs fienadd dedondtactive dngHisoRrastdhs O
continue to nove the heads 118 WO 00/ 19427

PCT/ US99/ 2 1798 . transition zone. . - - 12 -

away fromthe parked position, after which the disc drive 100 conti nues

W th normal initialization functions and initiates nornmal

operation;. step 244.7The A disc drive;r@;ﬁﬁmg;hen ends at 246.

a rotatable disc having a disc surface;
_ an actuator assembly suppor'ting.a head adjacent the diSé- surface, an
10 actuator coil having a p'lurality' of windings that form first and’
second active lengths, and a sense device which detects change in
magnetic flux; ' '
‘a permanent magnet assembly with adjacent first and second magnet
portions and which ggnerateé a magnetic flux reversal at a
15 transition zone between the first and second magnet portions; | and
‘a servo circuit, coupled to the actuator assembly, which is operably'
configured to move the head across the disc surface by applying
current in a first direction through the actuator coil to move the
actuator coil in a seledi:ed cdil direction, usingl the sense device to
20 detect crossing of a selected one of the first and second active
lengths over the transition zone, and subsequently applying current
through the actuator coil in a second direction opposite the first
direction to continue to move the actuator coil in the selected coil

direction.

25 8. The disc drive of claim 7, wherein the servo circuit is operably
configured to subsequently apply current in the first direction through the

actuator coil to retard movement of the actuator coil in the selected coil direction.



It will now be recognized that the present invention, as enbodied herein 5
and cl ai ned bel ow, advant ageously extends the sweep angle of the actuator
110 waioohe4r? undesi rably changing the configurati on of PEHESYN®24.
. Al t hough - routines have been presented in the context of unloading

t he heads onto ranps, t he basic nethodol ogﬂllm““&l" ﬂll E d to
ot her situations, such as parking the -16- hea ) 1 | andi ng

zones on the discs, or extending the range of the o actuator 110 during
nor mal operati on. Dependi ng upon the configuration of a
particular drive, it is further ., .contenpl ated that head unl oadi ng
and | oadi ng can be ¢rri ebbegdisc driveef ¢laim d, fyrther comprisingaa sampat afevi ce 150.

For exanpl e, upop.:r [ e - . ctuator .110
coul d beri i 1 QorepECahett of SRt BRIy SRERBIen ' Ferain the hpad 4 Bikea
inner limt st ?Bsi&i@n?ﬁﬂd‘@héﬂ%ﬁl fioeéttent oY thowsil th teeeictrardvldirdclthicagdest he
di scs 08), after which the current could be applied in the first
direction to i mavemest of the head fxpm AR aperational popitign oven thetdisgsafachdo thaer ked
position. _If actyator response characteristics are sufficiently

r epeat abl é th® HEdtl?qsrﬁ’roﬂcoul d be initiated and after a selected
anount of elapsed tine, the current could be renoved (coincident with 20
passage of the coil 126 over the transition zone 158) and then reversed to
t he second di0: ectThendisodriverpf daim 7h8irpher komgrisingratamynat an -

In summary, the present. i nventi.on.provides a pethod and. apparajus for

novi ng a head SQUETEOstUigmeter theaﬂf .OHeﬁgan (?Bng‘fnggW?tﬁmp‘P‘gSE# 2 parked
embodi nent s, gosition, Q}@Wﬁ&eﬁf mBGeméit Jftge Ssibm AR sgfetiéalcal difRrivh calkes

supports a hea ~acent a 25 . surface of a disc 108 and an actuat or
- coil 126 adj acamivemeptofithechead fimynthe parked positiasterdnl opet&tonalipasition oedror
coil has first and secqond active.lengths 166, 168 :. whi ch

magnet i cd0 y i H&ige SurfGeh adj acent first and second magnet portions 154,
156 of the permanent magnet assenbly, with the permanent nmagnet assenbly
generating a magnetic flux transition 160 at a transition zone 158. 30
The head is noved by applying current in a first direction through the
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actuator coil
and cause a

cross the transition zone

to nove the actuator

- sel

coil
ected one of the fi

appl ying current through the actuator coi

opposite the fi
selected coil dir

1980 diwection to nove the actuator coi
ectionN(step 242). = - . It w
I nvention is |1 adapted to attain the engs

(steps 2%;25&35),

in a selected coil

{PLCT/US99/21798
direction 170

5

and second active lengths to
and t hen subsequently
In a second direction
in the

h2khe clear that

t he present and
advant ages nentioned as well as those inherent thereiry. Wile a presently
preferred enbodi ngnt, has bee ' 0 is disclosyfe
nunmer ous changes be #afide which wi | t hense| ves [ hose
10 skilled injtheart and which arle en ssed i'n the i rNy of the
i nvention di gcl osed and as deffi Wiy ap de {NB.
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-14 - d ai ns: 1. In a disc drive having an
actuator whi clwooppaets a head adj acent a di st surface ®UI/E899/21798
actuator coil adjacent a permanent magnet assenbly, the act uat or
coil having first and second active | engths which magnetically interact 5
wi th adj acent first and second nagnet port?ujf{ of the permanent magnet
assenbly, the permanent magnet assenbly ge ing a magnetic flux reversal
at a transi b n zone between the first and second magnet 14gns,
a nmet hod for Wthe head across the disc surface, 20nprising
steps of: (a) appkyl@8 current inl3first direction
the actuator coil T a 'lb C ! Serecteq coil diffec
a L&\ firct ;l']d

cause a sel ected Qneqf » PREAMP ecoriomt i
| engths to cross the transiti on zone; gnd (b) jappl yi ng

current in a secb eﬂEAW oppositeljthe tirst direction to
~continue to novey atta coi | in the sel ected14bil directiony /—144

2. The net hod ig\chal BQL H o Tter—gonpr irst g p of: 15
(c) subsequently1 rg};mr iLn tthe first Qﬂrecrmn tao fgetard novement
of the actuator coil ihtRe—selectefd coil dirBBMER. DSP 3
The nmethod of claim1, wherein the japplying steps (a) and (b
cooperate to nove the head from an joperati onal pesﬂﬁﬂon over |t he disc

surface to - a parked position. ’
A/D -
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Ve
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The nethod of claim1, wherein the applyi ngepii§R% 1R

20 4.
and (b) ‘Voogg%ﬁérate to nove the head froma parked position to an
operational position over the disc surface. 5.

- The nethod of claim11, wherein the applyi?g ep (a) further :
conprises a step of: 25 (al) Végging the current applied in
the first direction to cause the 00/ 19427
PCTUS99/ 2 1798 o -15- -
actuator to coast in the selected coil direction. _ 6.
The nethod of claim1, wherein the appH bn step (a) further
conprises a step of: (aI? ushng a sense device coupled to

the actuator coil tojdgtect novenent of the sel ected
one of the first and second™active

transiti on zone.

154 156
166 126 168

168
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7. A di sc.drive, conpr
di sc surface; wo gor19427

“adj acent the disc surface,

plurality of windings that formfirst and

and a sense devi ce which q§2q§ts change in
g

active | engths,
magnetic fl ux;
first and second nagnet

i sing: : a rotatable disc having a
an actuator assenbly supportiny a PEPUS99/21798
an 10 actuator coil having a
second

a per manent et ‘assenbly wth adj acent

~ _~—2Q@rtions and whi ch generates

a magnetic flux rever
the first and second

sajy al

nﬁgﬁet pd#&#@%s; ahEZ) :
coupled to the actuator assemMNLONanh i - operably

transiti on zone between
a servo circuit,

d

configured to nove the head acrog$s the disc surface by applying

current in a first direct
actuator coil in a select

detect crossing of a sel deth

| engt hs over the transiti
t hrough the actuator coi

ion thr g0Rator coil to nove the
n, using the sense device to 20
I8 BRIVEhel first and second active

on SKAUE, DAWH subsequent |y appl yi ng current
in SEQUENGQE! dipection opposite the first

ugh t

direction to continue to! r coil in the selected coi
direction. = 25 8. The di sc qiive_of claim7, wherein the
" servo circuit is operably Pnntk’7?% "t 0 subsequently apply current
in the first direction tHrappDyYtOBRRENT actuator coil to retard novement
of the actuator coil_in,he sg|qqhefl coil direction
| DIRECTION
YES
| 208
_ |REMOVE CURRENT
| AND COAST 218
— = REMOVE
"] CURRENT
LATCH
ACTUATOR
YES ’12 220
e END
APPLY CURRENT
- IN SECOND
DIRECTION
T —
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9. - The disc drive of claim?7, further conprlsing a ranp at an

out ernost di aneter of the disc operably con ured to retain the head in a
parked position, and wherein anene the coil in the selected
coil direction causes novenment of th head fron1a&ﬁ®ﬁerat|onal
position over the disc surface to the

10. The disc drive of claim?7, further cHEnD|S|ng a\ranp at an

out ernost di aneter of the disc opekably con,hgured topetain the head in a
par ked posi tion, and wherei N\ BwaRS he-20i|l in the selected
coil direction causes ' novenent of t he| head frogigfe par ked position
to an operational position over 10 the dikc sup?‘

SPIN UP
DISCS

APPLY CURRENT

IN FIRST -
DIRECTION

Y

236

NO

DETECT TZ ?

YES
/_238

N REMOVE .CURRENT
AND COAST

YES
_—242

APPLY CURRENT
IN SECOND
DIRECTION

l 244
* PROCEED WITH
NORMAL OPERATION

246
END
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