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NULTI 'PLE ZONE DATA STORAGE SYSTEM AND METHOD Background of the Invention
Field of the Invention This invention relat e.i generally to magnet I C
recordi ng di sk data storage -systens and nor :ﬁg&ul ar |$ ro—steh—sy-siens .
having a plurality of surface zones. Descrigtio ISHEE'Pst Dsr(gct—[
access storage devices (DASD), or disk driv ygggc%t% [ nforma | on on
concentric tracks of a rotatable magnejic r¢ %P di* R givateped h§a,d
or transducer ‘el ement is noved fromtrack t W o ﬁaéfé‘ﬁwr &éarrd pa§ad 35
desired information. Typically, the t r ansdu¢ &} Diswisgent pa@apg_s_-ttb?)% d OJi"'
air bearing slider which flies above the surﬂémlr@a‘t thg d'l sk
rotates. In sonme recently proposed di sk drites,__the siider '("t &9 Praed ..
rides on a liquid filmor bearing on the disk. A suspension assembty
connects the slider to aamtgl; qg% or, m@g e rotating
magnetic di sk of a disk i?@@hﬁé 13 #tlon there i-s
no aerodynani c cushi on avail abl 8% AND Mg Ds| i der above the
surface. To prevent damage to the surface of the magnetic disk when it is
not rotating, it 2

>

Background of -the Invention

Field of the Invention .
This invention relates generally to magnetic recording disk
data storage systems aﬁd'more particularly to such systems having

a ﬁlurality of surface zones.

Description of the Prior Art

Direct access storage deviées {DASD), or disk drives, store
information 6n concentric tracks of a rotatable magnetic
recording disk. A magnetic head or transducer element is moved
from track to track to record and read the desired information.
Typically, the transducer_eiement is positioned on an air bearing

- slider which flies above the surface of the disk as the disk
rotates. In some recently proposed disk drives, the slider
{("carrier") rides on a liquid film or béa%ing on the disk. A
suspension assembly connects the slider to a rotary or linear
actuator.

When the rotating magnetic disk of a disk drive is brought
to a stopped condition, there is no aerodynamic cushion available
to float or.fly the sliﬁgr above the surface. To prevent damagc

to the. surface of the magnetic disk when it is not rotating, it



oy

i s conventional to "park" the slider in a l'anding zone so that contact with
the disk by the slider will not cause any significant danage and wi || not
destroy magnetically recorded data. However, sinply parking the slider does
not address the possibility that the disk drive mght be inpacted by a
force sufficient to dislodge the actuator fromits parked position, and

t hus nove the slider onto the recording.surface of the nmagnetic disk.
Accordingly, it is inportant that the-actuator which positions the slider
be restricted or otherwise held in its parked position to prevent any
scratching of the data recording region of the disk surface by the slider-
when there is no aerodynam c bearing between them Extrenely snooth
surfaces exist on both the data surface and the air bearing face of the

slider. Wthouis ichevafliofiads Cpareide befsdeintdaanbisprzondss adi sk
surface, the slider will conme into contact with the stationary disk surface

and stiction mntpesmztth SN% c,dlisémbbdé@r sleséen Wbl oL smﬁﬁ @ngurf aces stick
to each ot her a.nd ?Eéaei-ﬁ:t %‘? r&':l # gé?'fﬁ? 1&0%‘5&%‘%’[ her .

The stiction for nés may |ono e di sk.

However, even ddtat hm&ie%brcmmyrﬁaﬁme u@mgeeﬁlmstmneraaareég/ el |
occur to the surface of the disk due to the fact that the slider is in
physi cal cont Rassipikitghghat the disk |drive mightobe HaParsed Yy afRXa t he

di sk noves rEﬂéﬂkaEiéﬂl Egedféld$33 the actuator from its parked pos1t10n. and

thus move the sllder onto the recordlng surface of the magnetlc
disk. Accordingly, it is 1mpprtant that the actuator which
positions the slider be restricted or otherwise held in its
parked p051t10n to prevent any scratching of the data recording
reglon of the disk surface by the slider when there 1s o
aerodynamlc bearing between them.

Extremely ;moqth surfaces exist on both the data sufface and
the air bearing face of the slider. Without the aerodynamic
cushion between the slider and the disk surface, the slider will
come into contact with the statiomary disk surface and stiction
may fesult. Stiction occurs ashtwo very smooth surfaces stick to
each other and effectively prevent the removal of one from the
other. The stiction forces may be sufficient to prevent the
rotation of the disk. However, even if the disk can be rotated,
damage almost certainly will occur to the surface of the disk duc
to the fact that the slider is in physical contact with and is
initially stuck to the diek surface as the disk moves relative to

the slider.



3 - The slider can be parked in a | anding zone or on an unl oad devi ce such
as a ranp. The actuator which noves the slider. nust be |atched to prevent
novenent of the slider out of the parked position onto the data recording
regi on of the disk. Exanples of |atching devices include U S. Patent

5,363, 261 i ssued Novenber 8, 1994, by Eckberg et al.; U S. Patent 4,833, 550
i ssued May 23, 1989, by Takizawa et al.; U S. Patent 5,446,606 issued
August 29, 1995, by Brunner et al.; U S~ Patent 5,117, 318 i ssued May 26,
1992, by Inmer et al.; US. Patent 5,095,395 issued March 10, 1992, by
Wakat suki; U.S. Patent 4,562,500 issued Decenber 31, 1985 by Bygbnes;
Japanese Application J1-166385 published June 30, 1989 by Mrita; Japanese
Application J2-73581 published March 13, 1990 by kutsu; Japanese

lication J4-26 i.shed .Janu 30, 92 .by Tamayanm; Japanese
ﬁg& i cation J3- 13%8%0%@0?i AP Hﬁgi%i, lfgﬁilgadélgés e. Xﬁa%r?@s nload
Appl i cation JEevi¢elE8cp sl hshamb.JUiRe acthQ08r MniKAdRWRK thand idePanfte

Application J1-241070 published Septenber 26, 1989 by Mrita. The | anding
zone area of Rhdagrbed tp praventy mozsmente@ft thsdiden outi of ithe patkeskn t he

di sk and the ¥ vhien | der is..at rest on_the di.sk. An exanple of
this texturi n%lépi?'gégss |stt§§o€énta| %eff%mﬁaf%%o%?ﬁ&eogis Ssued Cctober 29,
1991, by Ranj an ekxahpldd bEr 18uaiing edeviicebeindingd & aNdipRBerOBg363 jrdude US

pat ent 5, 446, 606 by Brunner et al 1ssued Aug. 29, 1995, and US
: issued- November 8, 1994, by Eckberg et al.; U.S. Patent 4,833,550
issued May 23, 1989, by Takizawa et al.; U.S. Patent 5,446,606
issued August. 29, 1995, by Brunner et al.; U.S. Patent 5,117,318
issued May 26, 1992, by Immler et al.; U.S. Patent 5,095,395
~ issued March 10, 1992, by Wakatsuki; U.S. Patent 4,562,500 issued
December 31, 1985 by Bygbnes; Japanése Application J1-166385
published June 30, 1989 by Morita; Japanese Applidétion'J2-73581
published March 13, 1990 by Okutsu; Japanese Application J4-26969
published January 30, 1992 by Tamayama; Japanese Application
J3-132980 published June 6, 1991 by Sasaki; Japanese Application
. J2-146109 published June 5, 1990 by Kadowaki; and. Japanese
Application J1-241070_published‘September 26, i989 by Morita.
The landing zone area of the disk is.roughly textured to
prevent stiction between the disk and the slider when the slider .
is at rest on the disk. An example of this texturing process is
shown in U.S. Patent 5,062,021 issued October 29, 1951, by Ranjan
et al. Other examples of textured landiné ;ones include Ué

patent 5,446,606 by Brunner et al issued Aug. 29, 1995, and US



4 Patent 4,907,106 by Yamada i ssued March 6, 1990, and |IBM TDB Vol . 28, No.
1, June 1985, P. 318. A problemw th the textured | anding. zone is that the
bunps of the texturing tend to wear down with use. This is due to the fact
that the slider is still in contact with the disk surface for a time as the
di sk rotates before the slider beconmes airborne. "Also, when the disk is in
the process of stopping, the slider i§4n contact with the | anding zone for
atime before the disk cones to a conplete stop. As the bunps keconme worn
away, friction between the slider and the disk is nore likely and this can
result in failure of the system Another problemencountered with the
texturing landing zone is that wear beween the slider and the textured zone
may damage the delicate transducer head. Both of these problens will becone
nmore critical MageRhd SGTuies by ¥amadd iigeved Mpraly el aBdvERYN MBBJIVEk-

continues to q%crﬁg'sel. ﬁ%{saz T":ﬁal NVENTI ON According to one aspect of
the present invéntion'‘there 1°s provided a data storage system conprising: a

data storage nedi umnprewiieg withs the I&eAdedN@niihg Goh@NAS thhbetid bakpzone
havi ng a rough texture surface, the second zone having an internediate

texture surfa®® HReHeRuring fendnee seasndewoMash pseng Thid 4F| due foekhRaved

and the third S Vi ﬁﬁ?o e ; . als
assenbly posi tf%gﬁeta{%’r Igglgn%]f e h%Q%ti%&s%%;%gﬁ#e I gﬁ] ttge %\%f@%&gégvi ce
for noving t h€ottas acisdeoasgeheradsktotaltal i befokre €l shiaas beeokesissenbl y; and

a positioning device for_selectively positioning the transducer assenbly
proxi mat e the2AFPeme.seAbPRr AHENt W disknks InaLlke PIPREST PLasteRRING - st Ct

of the pr esentsﬂagpr}tsi 4 &&?tra%ti ﬁia{ Qﬁggf&ﬁnga{cﬁle for a time before the

disk comes to a complete stop. As the bumps become worn away,

..stiction between the slider and the disk is more likely and this _ ==

can result in failpre of the system. Another problem encountered
with the texturing landing zone is that wear between the slider
and the éextured zone may damage the delicate transducer head.
Both of these problems will become more critical in the future as

the slider flying height above the disk continues to decrease.

Summary of f.he Invention
Briefly, in a ﬁreferred embodiment of the present ihvention.
a disk drive system comprises a recording disk, a spindle motor
for rotating the disk, an actuator for positioning a
transducer/slider over the disk surfaée, and a control device.
The disk has a data zone, a takeoff/landing zone (T/LZ) and a

parking zone (PzZ). The -parking zone has a rough textured surface

This Sheet Has Been Replaceq
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storage system cornprising: a recording disk; a transducer assenbly | ocated
proxi mate to 5 the disk; a spindle notor for rotating the disk relative
to the transducer assenbly; an actuator connected to the transducer
assenbly for noving the transducer assenbly relative to the disk, the
actuator being nounted on a pivot allow ng-rotary novenent; and a |atch
device for engaging the actuator such_that the actuator novenent i's
limted, the latch device having a | at ched position and an unl atched
position, the latch device having a bias device active in the |atched
position to exert a bias force to urge the actuator to rotate to a parking
position, the bias device being displaceable while the latch device is in
the | atched position by a rotary force applied to the actuator to oppose

the bias forgg;al! o h .yat.or. . to ve to.a takeoff positiqn.
According to altéhi%‘}alglﬁéc%t%a?ﬁebeptrggre’n ?ﬁééﬁﬁ Sﬁﬁt ﬁé? é‘ﬁls “pr ded a
di sk drive caomeosf/igndingesirt has r£095HENY tdikElred sufpawslucer assenbly; a

spindle motor for_rotating the disk relative to the transducer assenbly; an
actuat or connect etPq $oPLECL rdavdga ceantaele ntltey agbtatesy ang spiadle mptdueer

assenbly rel g, tweReugi ' gized..and..a_latch ich i

pi votally m%t%ggt 0 r%t g?éé%gr@mengggc%éﬁﬂgﬁgy Sarﬁ 'zﬂeg%e?f' \gg’& 101§ %and
engages the adt the arkisg zond.heThatspliadlp apitbr dtadtsht® foratbi @iy abkrs
devi ce urgi nggt he acdt&\t;ator agai nst a nonresilient nmenber positioning the -
transducer a%®8 &PLY Higmephteth SRpt shidernds moyed; &aitthsi as devi ce bei ng

di spl aceabl e puhiber fhaaiAG CbreVi @6 isiibﬁtéﬂlgwlagng g&eqnfg ) e Oin ¥4 %pé"t ary

force applied to the actuator to oppose orce, displacenent of the
resilient bi#viddle cwtooviearhelscopemting capeedsamdiithy sDidert dkenidbopasiti on.
For a fuller ﬁnder sta dlggg of the_nature and advant ages of the present

invention, r aPEP Y% 8488 it FovRY £ Gh‘FHE"PoFP‘b?MfHQ' normal operation.

Upon power-down, the procedure is reversed. The slider ig
moved to the takeoff/landing zone, the spindle motor is powered
off and the disk rotation starts to slow. The slider lands on
the takeoff/landing zone, making contact with the disk as the
disk slows even more. Juét before the disk stops rotating
entirely, the slider. is moved to the parking zone.

A latch mechanism is used to hold the actuator such that the
slider is limited to a location proximate both the
takeoff/landing zone and the parking zone. A bias spring in the
latch automatically forces the slider over Fhe parkihg zone when
no actuator force is applied. This provides protection that no
stiction will occur even when an emergency power faiiure occurs.

For a fuller undéerstanding of the nature and advantageé of

the present invention, reference should be made to the following

This Sheet Has Been Replaced
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6 detailed description taken in conjunction with the acconpanyi ng draw ngs.
Brief Description of the Drawings Fig. 1 is a.schematic diagramof a data
storage systemof the present invention; Fig. 2 is a-cutaway top view of
the systemof Fig. 1 shown in a parked position; Fig. 3 is a closeup view
of a latch portion of Fig. 2 in a parked position; Fig. 4 is a closeup view
of a latch portion of Fig. 2. in a takééff/landlng position; Fig. 5is a
cutaway top view of the systen1of Fig. 1 in a nornmal operating, position;
Fig. 6 is a closeup view of a latch portion of Fig. 5 in a normal operating
position; Fig. 7 is a cross-sectional view of the disk of Fig. 1, Fig. 8 is
a flowchart diagramof a slider takeoff process; Fig. 9 is a flowhart
diagram of a slider |anding process; Fig. 10 is a graph of slider fly

hei ght vs. di $taidedddesariptien t@#enFirg comium@:lancwmtbecaqc@naanmm of an
alternative egggghggnt of the present invention.

Brief Description'of the Drawings
‘ Fig. 1 is a schematlc d1agram of a data storage system of
the present inventlon,
Fig. 2 is a cutaway top viéw of the system of Fig. 1 shown
in a parked position;
Fig. 3 is a closeup view of a latch portion of Fig. 2 in a
.. parked position; .
Fig. 4 is a closeup view of a latch portion of Fig. 2 in a
takeoff/landing position;
Fig. 5 is a cutaway tép view of the system of Fig. 1 in a
normal operating position;
Fig. 6 is a closeup view of a latch portion of Fig. 5 in a
normal operating position;
Fig. 7 is a cross-sectional view of the disk of Fig. 1;
Fig. 8 is a flowchart diagram of a slider takeoff process;
Fig. 9 is a flowchart diagram of a slider landing process;
Fig. 10 is a.graph of slider fly height vs. disk speed and
time; and
Fig. 11 is a cross-sectional view of an alternative

embodiment of the present invention.



-7- Description of the Preferred Enbodi nents Fig. 1 shows a schematic

di agram of a data storage system of the present invention and is designated
by the general reference nunber 10. System 10 conprises a plurality of
magnetic recording disks 12. Each disk 12 has a plurality of concentric
data tracks. Disks 12 are nmounted on a spindle shaft 14 which is .connected
to.a spindle notor 16. Motor 16 is mownted to a chassis 18. The disks 12,
spindle 14, and notor 16 conprise a disk stack assenbly 20. A-plurality of
sliders -30 (each having-a transducer elenent) are positioned over the |,

di sks 12 such that each surface of the disks 12 have a correspondi ng slider
30. Each slider 30 is attached to one of a plurality of suspensions 32
which in turn are attached to a plurality of actuator arns 34. Arns 34 are
connected to a rotary apésatipeidh.ofAlcher Maifieyetd Enbbaimints 34 may be an
integral part of a rotary actuator conmb. Actuator 36 noves the sliders in a
radi al directionFa8rds$haws|a sphemagiq siagras of; # (atag5borageh s¥gte #5. The

sliders 30 édﬁs] 3 éé:@ ' i%%en P ﬁé 'é‘g%i‘ %&k[a%] b 3&& URELDE raPefGidiat OF -
y incve and’ .

assenbly 46. .g gls STack asse I§ saﬁ_ dg %c ua?or assengfy i%!are
seal ed i n amuamelrosy e sysuen M 49mpBixwsNabyliadlied df maynadiicc repordinges
protection from particul ate, contam nati on. .

disks 12. Each disk 12 has a plurality of concentric data

tracks. Disks 12 are mounted on a spindle shaft 14 which is

connected to a'spindle motor 16. Motor 16 is mounted to a

chassis 18. The disks 12, spindle 14, and motor 16 comprise a

disk stack assembly 20.

A-plurality of~slidér3m30~(éach-havinq~a-transducer~elemenb)~~-~~m~~~~

are positioned over the disks 12 such that each surface of the
disks 12 have a corresponding slider 30. Each slider 30 is
attached to ohe of a plurality of suspensions 32 which in turn
are attached to a plurality of actﬁator arms 34. Arms 34 are
connected to a rotary actuator 36. Alternatively, the arms 34
may bg an integral part of a rotary actuator comb. Actuator 36
moves the sliders in a radial direction across disks 12.
Actuator 36 pivots about an axis 40. The sliders 30, suspension
32, arms 34; and aétuator 36 comprise an actuator assembly 46,
The disk stack assembly 20 and the actuator assembly 46 are
sealed in an enclosure hoﬁsing 48 (shown by dashed line) which
provides proteétion_from particulate contamination.

A controller unit 50 provides overall control to system 10.

Controller unit 50 typically contains a central processing unit



A controller unit 50 provides overall control to system 10. Controller unit
50 typically contains a central processing uni.t -8 - (CPV), nenory
units, clocking devices, and other digital cfrcuitry Controller unit 50

al so |ncludes a timng deV|ce 51. Timng device 51 is preferably a | ogi ¢

cl ock device which are well known in the art. Controller unit 50 is
connected to an actuator control/drive_unit 56 which in turn is connected
to actuator 36. This allows controller 50 to control the novenent of
sliders 30 over disks 12. The controller 50 i's connected to a‘read/wite
channel 58 which in turn is connected to the transducer elenents of sliders
30. This allows controller 50 to send and receive data from di sks 12.
Controller 50 is connected to a spindle control/drive unit 60 which in turn
I S connect ed @ Sialfafel ral /dr tains a

spi ndl e speed senso?%? en é:gf ‘ggb‘g“"éﬁg Ialnlde Jfﬁé%t gg?flg%ck EMF sensor
as are. wel | kedneuibryt hecantdrolfentundlk! 80 £A&oCdndluvaks 4 hEming addvieespped of
di sks 12. Spindle control/drive 60 al so contains a back EMF generat or
circuit 62. TRiBiRg deyiceil dscorefergbheratlovin lgpksdeiceneiich areng

spi ndl e not or wbf1 Uridh 19 Gld ¥ ! NeRERSPL uiilEBo! BE &%wz&txmobsﬁn

i nterrupted. 'S necessary I'n or i Nsure that even
interrupt siteaetuamor tbetwal/daies unpdy SWEwhlch in turn is connected to

actuator 36. This allows controller 50 to control the movemént
of sliders 30 over disks 12. The controller 50 is connected to a
read/write channel 58 which in turn is connected to the

transducer elements of sliders 30. This allows controller 50 to

“'seénd "and receive data from disks '12. 'Controller 50 'is conhected T

to a spindle control/drive unit 60 which in turn-is connected to

spindle motor 16. Spindle control/drive 60 contgins'a spindle

speed sensor 6l1l. Sensor 61 may be a Hall effect or back EMF

sensor as are well known in the art. Controller 50 controls the
" rotation sbeed of disks 12.

Spindle control/drive 60 also contains a back EMF generator
circuit 62. This circuit is used to generate energy f£from the
rotating spindle motor in order to drive the actuator when the
power has been interrupted. This is necessary in order to insure
that even in a power interrupt situation, the actuator may be
driven to a desired location to park the slider. These back EMI
generators are well known in the disk drive industry.

A host system 70, which is typically a computer system, is -

connected to the controller unit 50. System 70 may send digital



driven to a desired location to park the slider. These back EMF generators
are well known in the disk drive industry. A host system 70, which is
typically a conputer system is connected to the controller unit 50. System
70 may send digital -9 - data to controller 50 to be stored on disks 12,
or may request that digital data be read fromdisks 12 and sent tp system
70. The basic operation of DASD units is-well known in the art and is
described in nore detail in.Magnetic Recordi ng Handbook, C. Dennis Mee and
Eric D. Daniel, MG aw Hi ||l Book Conpany, 1990. Fig. 2 shows a top cutaway
view of system 10. Disk 12 is conprised of three concentric ring shaped
zones: a parking zone (PZ) 100, a takeoff/landing zone (T/LZ) 102 and a
data zone 104. The parking zone 100 is |ocated proximte the inner dianeter

of disk 12, thgacd alecebhttcandirNgo 2918e19ored bR@IRE iAdia! Jnyy Qéquasd from
par ki ng zone 100, and the data zone 104 is |ocated bet ween t

t akeof f /| andi nghzbrﬁaqahdl tderd-aobe ereadi amehsts bs') @kldls_?entTHLe pmﬂ@m@ozone

100 has a roug xtured sur frace of £,/ 1 a zone 102 h s.a
lightly (inter E%‘a G%3f PR SR %%E"F@B unit dlfh"éerﬂaggo%ﬁé‘ 283 oot h
surface which gss@fiived £ dndra@l dé@ﬁrletlhcmécﬁfélﬁdl l(!]:oﬁﬁiﬁ@ﬁﬁ&ﬁﬁ@ol@.ar anet ers,
such as error rate and nechanical reliability. The data zone 104 contains

the concentri cCeRepnipa¥es andi ErierdynBented.| ceras-dill Book Company, 1990. -

Fig. 2 shows a top cutaway view of system 10. Disk 12 is_
comprised of three concentric ring shaped zones: a pérking zone
(pz) 100, a takeoff/landing zone (T/LZ) 102 and a data zone 104.
The parking zone'loo is located proximate the inner diameter of .
- -disk -12,  the-takeoff/landing zone 102 is located radially outward — ~-~ ~~
from parking zone 100, and the data zone 104 is located between
the takeoff/landing zone and the outer diameter of disk 12. The
parking zone 100 has a roughitextured surface, the
takeoff/landing zone 102 has a 1i§htly (intermediéte) textured
surface, and the data zone 104 has a smooth surface which is
optimized for magnetic recording performance parameters, such as
error rate and mechanical relia%ility. The data zone 104
contains the concentric data tracks which magnetically store
digital information.
The actuator 36 is comprised of a voice coil motor coil 110
supported between two legs 112 and 114, and magnetic plates 116
and 118. Coil 110 interaéts with the magﬁetic ficld created by
magnets 116 and 118. When electrical current is passed through

coil 110, the interaction between the magnetic field created by



digital information. The actuator 36 is conprised of a voice coil notor
~coil 110 supported between two | egs 112 and 114, and nagnetic plates 116
and 118. Coil 110 interacts with the magnetic field created by magnets 116
and 118. Wen electrical cyrrent is passed through coil 110, the

i nteracti on between the magnetic field created by’ -1 0- coil 110 and the
magnetic field of magnets 116 and 118~ xauses the | ateral novenent of coi
110 and legs 112 and 114 of -actuator 36 about axis 40. A cylindrical stop
menber 120 is attached to chassis 18 and abuts |leg 114 when the actuator 36
Is in a parked position. A latch nenber 130 engages actuator 36 to hold
actuator 36 in the parked position. Fig. 3 shows a detailed view of |atch
130. Latch 130 is pivotally nounted to chassis 18 along a pivot axis 140.
Latch 130 has %P E%? afdmthe magnetic stiedddofimaghdds 114t ahd 3B, hasusesr ecess

150 'whi ch receiye a nher 152 af t r 36.._ Aresilient bias
devi ceI 154 | seér%uztgté%-%/ﬁ F‘ﬁ?%“ern:tc %scﬂéo 1gﬁ %J'?#qu?fieu&f a?‘éclé‘gsi’ﬁwtﬂ:aé?Fnat e

first arm 142.36Thbobt asidendce A eypimiacabl ytod hedfePibftis Revsuals gt her
bi as devices (such as other springs or conpressible materials) nmay al so be

used. The bi afh3&§iEcl&ABE| bwe devoHd whemdinesactnationt 36 tis $nablmrkedur ge
tab 152 agai NgostBford) 98 9fedffRRSed AP LRI SRR3R0 "D hafs
actuator 36 in the parked position.
Fig. 3 shows a detailed view of latch 130. Latch 130 is
pivotally mounted to chaséis 18 along a pivot axis 140. Latch

130 has a first arm 142 and a second arm 144. Latch 130 has a

.- .XYecess 150 which.receives .a .tab member.152 of actuator 36. A.. . .o oo

resilient bias device 154 is mounted within recess 150 on the
side of recess 150 proximate first arﬁ 142. The bias device is
preferably a leafspring, however, other bias devices (such as
other springs or compressible materials) may also be used. The
bias device should be strong enough such that it is able to urge
tab 152 against the side of recess 150 proximate second arm 144
when the actuator is not energi;ed. The biased device needs to
be strong enough to be able to completely push the slider into
the parking zone 100, yet weak-enough so that a minimum spindle
motor speed provides enough back EMF from the back EMF generator
62 to power the actuator 36 to hold the slider in the

takeoff/landing zone 102.



when the actuator is not energized. The biased device needs to be strong
enough to be able to conpletely push the slider into the parking zone 100,
yet weak enough so that a m ni num spi ndl e notor speed provides enough back
EMF fromthe back EMF gengrator 62 to power the actuator 36 to hold the
slider in the takeoff/landing zone 102. '~ .Second arm 144 has a netal plate
160 nmounted into one side. Plate 160-qontacts a rubber bunper 162 of a
cylindrical nagnetic. post 164. Post 164 is attached to chassis 18. Figs. 2
and 3 show the actuator 36 in a parked position. The slider 30 is at rest
on the parking zone 100 surface of disk 12. The tab 152 of actuator -36 is
inserted in recess 150 of latch 130. The actuator notor 36 is not energized
and the bias device 154 urges tab 152 against the side of recess 150

proxi mat e the seceewbndr arm4vi4 Hbhat£ nk&@1 oplaten deldouate@mgiitbi onéd Iside.
attracted to _nagnet post 164 such that latch 130 will remain_in its parked
position wit H’lﬁﬂ% %QD&&PB?C%ar rebhsr kureer 63| ek & cpiindricadopranetdst aj | ed
view of latc iN. a Of o /s ' OSd t ] . JR@ actuator 36 is

ener gi zed ang’-oégg%étg' ap%%lrégg‘laé‘g?% %l gsé%g\?lggglslg?suf ficient to displace
t he bias devi ce 1Bfgsuchahdz shebw tie? atbustor Gdain al persedi@ositidress 150
proxi mate the firsy arm142. Bias device 154 s fullywco ressed., The

actuat or 36 HA2§ SPi {htaty repbRwithe Rading zone 100 surface of disk

12. The tab 152 of actuator 36 is inserted_in recess 150 of
latch 130. The actuator motor 36 is not energized and the bias
device 154 urges tab 152 against the side of recess 150 proximate

the second arm 144. Plate 160 of arm 144 is magnetically

« = e -@ttracted-to magnet post--164 -such that latch 130-will remain im--— -~ 7

its parked.position with the actuator 36 firmly held in place.
Fig. 4 shows a detailed view of latch 130 in a
takeoff/lahding position. The actuator 36 is energized and
exerts a force against bias device 154 sufficient to displace the
bias device 154 such that tab 152 moves toward the side of recess
150 proximate the first arm 142. Bias device 154 is fully
compressed. The actuator 36 has moved slightly clockwise about
pivot 40 such that slider 30 is now positioned over
takeoff/landing 2one 102. Although the fbrce exerted by actuator
36 is sufficient to displace bias device 154, it is still less
than the force required to overcome the magnetic attraction
between magnetic post 164 and plate 160. Thus, latch member 130

remains in place.



'pivot 40 such that slider 30 is now positioned over takeoff/landing zone
102. Although the force exerted by actuator 36 is suffici-ent to displace

bi as device 154, it is still less than the force required to overcone the
magnetic attraction between nagnetic post 164 and plate 160. Thus, .latch
menber 130 remmins in place. -1 2 - Wen it is desired to posi.tion

slider 30 over data zone 104, actuaton 36 is energized such that it exerts
a force against the side of recess 150 adjacent |leg 142 sufficient to
overcone the magnetic attraction between plate 160 and magnet‘ic post 164.
The latch 130 then rotates in a counter clockw se direction and the tab 152
Is freed fromrecess 150. The actuator 36 is then free to pivot in a

cl ockwi se direction about axis 40, such that slider 30 is positioned over
data zone 104. Fiwgten D¢ ad h

---p05|t|oned--over-da%a zg%g§€Q¥&L €“§%§%§g§%§%M1g@#%E%d %%ﬂ%ﬁ?ggg?g 150,
it rmoves al opgtuatoar 36iat® epergimad £86h ofhatedt lekertIi Foensrgadnshathd at ch

130 is rotated,in count cl ockwi se_direction . until 142 abuts the
i nsi de surf at&2%f fﬁSﬁ%‘stf'g%i;g ‘g& aGeRE Ltefhdddi SEristent "f68"‘|"€°°5‘?t Fgted to

magnetic 118mggdtithatedReidddoatiees PRAEEES alxla8m§§}£ied1étﬁ$bt3(isw | lpeermai n
i n the open fOSItlon This ensures that latch 130 wll not interfere
atch 130 then rotates in a counter clockwise dlrectlon and the

tab 152 is freed from recess 150. The actuator 36 is then free
to pivot in a clockwise direction about axis 40, such that slider
30 is positioned over data zone 104.

Figs. 5 and 6 show the. system 10 with the slider 30

~---positioned-over-data zone 104. When tab 152 is freéed frém recess =TT

150, it moves along an arcuate surface 180 of leg 142. This
ensures that latch 130 is rotated in a counter clockwise
direction until leg 142 abuts the inside surface of hpusing 48.
At the same time, plate 160 is attracted to magnetic 118 such
that leg 144 abuts magnetic 118 and latch 30 will remain in the
open position. This ensures that latch 130 will not interfere
with the movement of actuator 36 when the drive is in normal
opergtion reading and/or writing data from or to the data zone
104. The aétuator 36 is free to move slider 30 anywhere about
data zone 104. |

When it is desired to latch the aﬁtuator 36, the-actuator 36
is rotated counter clockwise about axis 40 until tab 152 engages
the side of recess 150 proximate leg 144. The actuator then

provides a force sufficient to overcome the attractive forco



with the novenent of actuator 36 when the drive is in normal operation
reading and/or witing data fromor to the data zone 104. The actuator 36
is free to nove slider 30 anywhere about data zone 104. Wwen it is desired
to latch the actuator 36, the actuator 36 is rotated counter clockw se
about axis 40 until tab 152 engages the side of recess 150 proxi mate |eg
144. The actuator then provides a force_sufficient to overcone the

attractive force -1 3 - between pla € 160 and magnet 118. The latch 130

rotates clockw se and conpletely captures tab 152 in recess 150. Plate 160
t hen engages bunper 162 as it is attracted to nmagnetic post 164. A

di scussion of alternative |atch enbodi ments which may al so be used in the
present invention is given in U 'S Patent 5,363,261 issued Novenber 8, 1994

to Eckberg et _al., and is herggy i ncorporated by reference. Fig. 7 shows a
¢ross- secti onB3PERABWPHILS|i16R and mapagt 1X18:onThe dakch 190hEPtafes having a

nunber of over£8akebaYSIP cohBFL Mty G RO LSS 1 SALAERG oY Chyar Bl OF €

the overcoat |ayers are depaqsit e parking zZone 100 and takeo andi ng
zone 102 are leXttlwesdendRgyelsi bymmpona6d s Hasis etarbvedd/ tbangmmepdakpogtbunps)

200 and takeo{é%%andin zone 102 has snml |l er height eaks (bunRsAaZOZ. The

peaks 200 and érgl%a.}s.rs‘-xéanu%ﬁ -ﬁd.tarnatlve latch embodiments whic \'2

also be used in the present invention is given in U.S. Patent
5,363,261 issued November 8, 1994 to Eckberg et al., and is
hereby incorporated by reference.
Fig. 7 shows a cross-sectional view of disk 12. Disk 12
comprises a substrate having a number of overcoat layers,
~iné1uding the Magnétic recording layer. Before the overcoat
layers are.deposited, the parking zone 100 and takeoff/lahding
zone 102 are textured. Parking zone 100 has relatively %arge
peaks {(bumps) 200 and takeoff/landing zone 102 has smaller height
peaks (bumps) 202. The peaks 200 and 202 are formed using a
laser texturing process such as that described in U.S. Patent
5,062,021 issued October 29, 1991 to Ranjan et al., and IBM‘s
copending patent application Serial ﬁo. 08/150,525. Other
texturing processes may also be used to form the peaks 200 and
202. These processes include mechanical grinding of the surfaces
or photolithographic etching of the surfaces.
In a preferred embodiment the laser texturing process is
used. The process forms a number of individual bumps each of
which is formed by a single laser pulse. The bumps can be Formod

with a diameter in the range of approximately 5-30 microns. Tho



| aser texturing process such as that described in U S. Patent 5,062,021

| ssued October 29, 1991. to Ranjan et al., and IBM s copendi ng patent
application Serial No. 08/150,525. O her texturing processes nmay al so be
used to formthe peaks 200, and 202. These processes include nechani cal
grinding of the surfaces or photolithographic etching of the surfaces. In a
preferred enbodi ment the | aser .texturing-process is used. The process forns
a nunber of individual bunps each of which is forned by a single |aser

pul se. The bunps can be fornmed with a dianeter in the range 6f
approximately 5-30 mcrons. The _1 4 - bunps have an average spaci ng or
separation in the range of approximately 25-100 m crons, depending on the
disk rotation rate and | aser pulse rate used during the texturing process.

In the preferpagschbod 4 Rverdslspacitly I Fgggllagtggnzm%héopaﬂeedgf a hei ght

bet ween 20 and 80 nm and preferably 50" nm

rrve systemwhere the

flyi ng hei ghtapRFropimaeely 26 - 400 ri@rans, Hepehdirghondilst dnsie rcrheisn tatehe -
vertical distan tween the peak top of the bunps) and the surrounding
di sk surface.ﬂ%ﬁaggfﬁ@sﬁﬁﬁ‘ﬁé‘s\ﬁat VTG FRS iR tREth PEO%RSS2er 0 aver age

flying height (comhaghe [3e@bsidd)embbdfindd®? sek30206 HorPhii
be of a height between 10 and 80 nm and preferably 40 nm

2P

10800 may
cases,

t he fundament®® @éndpright Hetwsan AP rapd B dreiaght pfefierably 50 nm for a

drive system where the flying height is between 40 and 70 nm.

The height distance refers to the vertical distance between the

peaks (top of the bumps) and the surrounding disk surface.

For

future systems with low flying heights or zero average flying

= -~ height (contact recording); the peaks 200 -for parking zone 100 - sens e

may be of a height between 10 and 80 nm énd preferably 40 nm. 1In

all cases, the fundamental concept in determining the height for

peaks 200 for parking zone 100 is to optimize the peak heights to

prevent stiction while the disk is at rest and to minimize the

wear of the disk surface and damage to the slider during the

brief period the slider is located in this zone while the disk is

rotating.

In a preferred embodiment, .the peaks 202 of takeoff/landing

zone 102 are of a height between 10 and 50 nm and preferably 20

¢
nm for a drive system with a flying height of between 40 and 70

nm. For future systems with lower flying heights or'zero average

flying height, the peaks 202 for takeoff/landing zone 102 are of

a height between 5 and 40 nm and preferably 20 nm.

In all cases

the fundamental concept for determining the height of peaks 202



peaks 200 for parking zone 100 is to optim ze the peak heights to prevent
stiction while the disk is at rest and to mnimze the wear of the disk
surface and danage to the slider during the brief period the slider is

| ocated inthis zone while the disk is rotating. In a preferred enbodi nent,
t he peaks 202 of takeoff/1anding zone 102 are of "a hei ght between 10 and 50
nmand preferably 20 nmfor a drive sygtemwth a flying height of between
40 and 70 nm For future systens with [ower flying heights or zero average
flying height, the peaks 202 for takeoff/landing zone 102 are of a height
between 5 and 40 nm and preferably 20 nm In all cases the fundanental
concept for determ ning the height of peaks 202 -15- for
takeof f/l andi ng zone 102 is to optim ze the peaks to prevent instantaneous

betueen t he 274 aaredt el HnlCiof HerES Aiabe W63, biyldpol B T <)

when the sliitimtansanébusoBtiction (bhé dadlkavhéand: dheks1iblee seifeacen®f data
zone 104 is polished to a very snmooth finish. The data zone 104 may have

sone very sriCkEEQ dhe varrinsofsskinhinéyeen theesbidprr pad i Hiek ard %pical | y
| ess than 5 rﬁ%’ﬂiﬂlﬁge Wae‘uégl xt%gé'n&%%keaﬂ R E8er WAEnifH 31967 Q2§10 100 and 102

should be at |east e
contact with a rotating disk.

The surface of data zone 104 is polished to a very smooth
finish. The data zone 104 may have some very small surface
varigtiops. However, these variations are typically less than 5
nm and have very gentle slopes.

- The width of “Zone§ 100 and 102 should be at léast equal to
the width of the slider 30 such that slider 30 is able to be
completely contained within each zone. This is necessary to
ensure that stiction will not occur. 1In a preferred embodiment,
the width of zones 100 and 102 are substantially equal to 1.5
times the slider width. Thus, widths of 100 and 102 should be
1.5 mm for a 1.0 mm width slider.

Fig. 8 shows a flowchart diagram of a takeoff process for
the system 10 and is designated by the general'reference number
300. This process may be implemented in hardware or software in
the controller unit 50. Initially,'tﬁe spindle motor 16 and
actuator 36 are powered off and the slider 30 is at rést on the
surface of parking zone 100. At a step 310, the spindle motor 16
is turned on and the disk 12 begins to rotate. Peaks 200 of

parking zone 100 are.of a height optimized for holding a slider



the width of the slider ‘30 such that slider 30 is able to be conpletely
contained within each zone. This is necessary to ensure that stiction wll
not occur. In a preferred enbodinent, the width of zones 100 and 102 are
substantially equal to 1.5 tinmes the slider width. Thus, w dths of 100 and
102 should be 1.5 mmfor a 1.0 nmwidth slider. Fig. 8 shoms a flowchart

di agram of a takeoff process for the syséqn110 and is designated by the
general reference nunmber 300. This proc% s may be inplenented in hardware
or software in the controller unit 50. Initially, the spindle eaotor 16 and
~actuator 36 are powered off and the slider 30 is at rest on the surface of
par ki ng zone 100. At a step 310, the spindle notor 16 is turned on and the
disk 12 begins to rotate. Peaks 200 of parking zone 100 are of a height
optim zed for _holdin rest. and are not designed

forextending B B& F %ts%&? ﬁﬁ?lt”g& d?\?‘tq?eﬁ Fx?)‘?nel’f(je%‘H”GePer’rqul of i¢@RéAfhNt to
move the s|ideneRld dbifgne a0, asrSaRMdnrhal i ok R SEIA off & Step

312, the spindle speed is detected by checking spee sensor Speed
control/drivegose. 10& ag sq?@np aglrotattionsisigletrotatbd i f the speed is

non-zero. |f yes, th g%% qﬁé proceeds %% é 316 and if not returns
to step 312. At steq P hé’ actt&PsPd SP§e FE%‘EFGQUEH "tl’r?&i‘l{’?
p P
speed sensor 61 of speed control/driver 60. At a step 314, it is -
determined if the speed is non-zero. If yes, the process
proceeds to a step 316 and if not, it returms to step 312.
At step 316, the actuator 36 is energized such that it

exerts a force equal to S against the bias device 154 on the side

- of recess 150 proximate leg 142. The force § is great emough to T

ensure that tab 152 displaces bias device 154. When this
happens, at a step 318, the actuator rotates slightly clockwise
and slider 30 is moved from the parking zone 100 to the
takeoff/lahding zone 102. The force S is less than the force
required to overcome the attractive force between plate 160 and
magnetic post 164 (the force required to_unlatch latch 130).

At this point, the rotational speed of the disk is
increasing. The slider 30 is still in contact with the disk 12
at the takeoff/landing zone 102, but will become fully airborne
sometime before the disk reaches full operational speed. The
peaks 202 of zone 102 are optimized for preventing iﬁstantaneous
stiction between the slider and disk and minimizing wear of-the
disk and slider when the slider is in contact with a rotating

- disk.



exerts a force equal to S against the bias device 154 on the side of recess
150 proximate leg 142. The force S is great enough to ensure that tab 152
di spl aces bias device 154. Wien this happens, at a step 318, the actuator
rotates slightly.clockw se and slider 30 is noved fromthe parking zone 100
to the takeoff/landing zone 102. The force Sis léss than the force
required to overcone the attractive for@e between plate 160 and magnetic
post 164 (the force required to unlatch latch 130). At this point, the
rotational speed of the disk is increasing. The slider 30 is still in
contact with the disk 12 at the takeoff/landing zone 102, but will becone
fully airborne sonetinme before the disk reaches full operational speed. The
peaks 202 of zone 102 are optim zed for preventing instantaneous stiction
between the sliderremdcdustorindbnise Miszsoflnaasidd rebessliish andisdchder when
the slider is_in contact with a rotating disk. -1 7- Theractuator tab
152 is still A8t deth &DEEe YeRe &P Peyac ROYZD diprurti@ncahdid st BOHRF o tBBwer

Tt uabr “pons PR A% HAEE0S e M. A SLBGBLP B8

that slider 3@oreffir nghecbide spaihg rlg4zwaeldL(ibashthabs 1a2itsurht that etlddart o

par ki ng zone %80 eepusrl%lrse%ot tt.]t?é[ ptalrz]'ﬁu?gl Iz%%re 11.3(90 w ‘ll'llusn%EthlEl]é:tgLucntrglr:urn to
parking zone 100 ensures that the slider 30 will not encounter
stiction problehs even in an emergency power failure. However,
once the actuator is unlatched, the slider 30 will be over the
smooth data zone 104 where stiction is a very big problem. To

_.avoid. stiction in.zone 104, the-.slider 30 must-be-fully-airborne--------——-=
when it exits zone 102 to data zone 104. The slider 30 will be
fully airborne when disk 12 is rotating at a speed known as the
release speed (R). N
At a step 320, the spindle speed is detected and at a step

322, it is determined if the speed is greater or equal to R
{release speed). 1In the preferred embodiment, release speed may
be between 1800 RPM and top speed (greater than 7200 RPM} and
preferably at top speed. Disk drives typically use the back EMF
generated by a rotating spindle motor to power the actuator motor
to return the slidér to the parking zone in the event of a power
failure. The amount of back EMF generated by the spindle motor
will depend upon the .disk rotational speed when the power is cul.

off. Therefore, in order to insure against a power failure

situation, it is desirable not to releasc the slider from the



stiction problens even i'n an energency power failure. However, once the
actuator 'is unlatched, the slider 30 will be over the snooth data zone 104
where stiction is a very big problem: To avoid stiction in zone 104, the
slider 30 nust be-fully airborne when it exits zone 102 to data zone 104.
The slider 30 will be fully airborne when disk 12 is rotating at ‘a speed
known as the release speed (R). At a stiep—320, the spindl e speedis '
detected and at a step 322, it.is determined if the.speed.is greater or
equal to R (release speed). In the preferred enbodi nent, rel ease speed nmay
be between 1800 RPM and top speed (greater than 7200 RPM and preferably at
top speed. Disk drives typically use the back EMF generated by a rotating
spindl e notor to power the actuator notor to return the slider to the
parki ng zone i¥tdhepesitionoiinaipaberef i lsuficikhe aenForatidinekcEMhat

gener ated by tlhg t%%i ndl e motor wil,l depend upon the.disk rotational speed .
when the power™is cat. b PO gidpEe, jthepe ks epgughdack BYRitesretumower -

failure situatémacthatsr 8SERa0 i3 58! § ek d rom the
-18 - latch position until t%e?teia?gﬂgéﬁéfl?é{ngna?%;?géhsfl&%gh g‘;n t%‘ﬁcﬁapﬁlé}g i f
there is a povne:aj Hewevery hif cthis safatyhfbankreElF ot iRpUénbrnte®, the
actuator.to t tlcﬁt FLOeSirt %on d the slider to the_&oarki ng zone. However,
if this safety feature 1s Rot-1MpPBRereg2ftefe the slider becomes .airborne

in the takeoff/landing zone.

At a step 524, the tab 152 of actuator 36 exerts'a force
greater or equai to L1 against bias device 154 on the side of
recess 150 proximate leg 142. This force Il is sufficient to

_“mnn_w_"_;mw_wmgwexcgmeltheMattractive_forcembetween-platemlﬁo_and_magnetic"posbuﬂ“n—qm_m
164 (the force required to unlatch latch 130). The latch 130
‘will rotate counter clockwise and release tab 152 from recess 150
such.that actuator 36 is free to rotate clockwise. Latch 130
will then rota;e until leg 144 engages magnet 118'and latch 130
will remain in this position because of the attraction between
plate 160 and magnet 118.

At a step 326, the actuator 36 moves slider 30 from the
takeoff/landing zone 102 to the data zone 104. At a step 328,
the system begins normal operatioﬁ with the actuator 36 moving
slider 30 with the transducer to the desired tracks in zone 104
where data is to be read and/or written.

An alternative embodiment of the takeoff process 300 would
be to move the slider from the parking zone 100 to the

takgoff/landing.zone 102 prior to the time the spindle motor is



| ateh may be rel eased any tine after the slider becones airborne inthe =~

t akeof f/l andi ng zone. At ‘a step 324, the tab 152 of actuator 36 exerts a
force greater or equal to L1 against bias device 154-on the side of recess
150 proxi mate l'eg 142. This force L1 is sufficient to overcone the -

attractive force between pI ate 160 and: rragnetlc post 164 (the force

requited to unlatch latch 130). The=I®®ch 130 -w || rotf ate counter

cl.ockwi se-and rel ease tab 152 fremrecess- 150 such. that- actuat-or 36 15--f~r-ee
to rotate clockw se. Latch 130 will then rotate until.|eg 144 engages
magnet 118 and latch 130 wll remain in this position because of the
attraction between plate 160 and nmagnet 118. At a step 326, the actuator 36
noves slider 30 fromthe takeoff/landing zone 102 to the data zone 104. At

a step 328, thwhedysheMmeghos NaEB! RpsatiPRnW 31u LG Betdidltba hamoVi Ny
slider 30 with the transducer to the desired tracks in zone 104 where dat a

is to be reagtemdlOrwanlid fehlowstabténat i ve enbodl ment of the takeoff
process 300 woul i der fromt zone 109 to the

t akeof f/ | andi ng 2 g’éﬁé %%?%ggﬁ%raﬂﬁ"{%t i ?"hé’ pﬂadngé H°EFE O t ur ned
on. In such engaystehtBPINd1Es ea&dléﬂétémmyb@xéd@tﬁéﬁi FRdesdfe admbawoul d

follow step 316. Fig. 9 shows a flowchart diagramof a |landing process for
400. Process 400 may also be implemented in hardware or software
in controller unit 50. Initially, the system 10 is in normal
operating mode, the spindle motor 16 is rotating disk 12 at full
operating speed and the slider 30 is fully airborne over data
zone 104. At a step 410,lthe actuator 36 rotates in a counter
-w“mum»—www«"—~clockwise“direction~unti1wtabm152“contactS“the'wall'qf'recessmlsq—““”“‘“
| proximate leg 144. At a step 412, the tab 152 of actuator 36
exerts a force greater or equal to L2 against the side of recess
150 proximate leg 144. This force L2 is sufficient to overcome
the attractive force between plate 160 and magnet 118l(the force
required to latch the latch -130). Latch 130 then rotates
clockwise and captures tab 152 in. recess 150. Plate 160 is then_
attracted to and contacts bumper 162 of post 164 When the
actuator is initially latched and before the actuator is
energized against the bias device 154, the slider 30 will be
positioned over the parking zone 100. However, this is not a
problem, because the disk is still rotating at full obcrational
speed and the slider is fully airborne and does notL contact.the

peaks 200 of parking zone 100. Even if there is contact, this is



the system 10 and i s designated by the general reference nunber 400.
Process 400 nay al so be inplenented in hardware or software in controller
unit 50. Initially, the system10 is in normal operating node, the spindle
nmotor 16 is rotating disk 12 at full operating speed and the slider 30 is
fully airborne over data Zone 104. At a step 410, the actuator 36. rotates
in a counter clockw se direction unt+kdab 152 contacts the wall of recess
150 proximate leg 144. At a step 412, the tab 152 of actuatoy 36 exerts a
force greater or equal to L2 against the side of recess 150 proxi mate | eg
144. This force L2 is sufficient to overcone the attractive force between
pl ate 160 and magnet 118 (the force required to latch the latch 130).
Latch 130 then rotates cl ockw se and captures tab 152 in recess 150. Plate
160 is then aidtr achesbiled BEChUERNERE durBUIREor188y FonbOSE phedeeyVigR t he
actuator is initially latched -and before the actuator is energized agai nst
the bias devidddgssang wéesbmmmesbsmm b%mm shamed over the parking zone

h h k
ful] operati onal Sockd BRartfre el o B6F L o5 rindrne il v BB 0

contact the pesakaxefis af feadseklquazowe Slggalrﬁ‘éeﬂhé fbltabea@ulc% ot aq-hlst hi s
i's 2 -- not a probl em because the duration of any contact between the

slider and t If8USERPIFEaREVIfY [158cte clippisrs @nd actuator 36 rotates

slightly clockwise. This results in slider 30 moving over the
takeoff/landing zone 102 at a step 416.
Next, at a step 418, the spindle motor 16 is powered off and

the disk rotation begins to slow. At a step 420, the spindle

—speed -is -detected -and at-a-step 422-it-is determined-if-the speed " """

is less than or equal to P. If yes, the process proceeds to a
step 424 and if not; it returns to step 420. The speed P should
be that speed at which the diskiis still rotating and will
continue to rotate for a time sufficient to move slider 30 to
parking zone 100. In the preferred embodiment, O < P < 500 RPM,
and P is preferably 100 RPM.

At a step 424, the actuator 36 is.powered down and bias
device 154 presses tab 152 back against the side of recess 150
adjacent leg 144. At a step 426, the slider 30 moves from
takeoff/landing zone 102 to the parking zone 100. At a step 428,
the disk stops rotating and slider 30 is.at restlin pérking zonao
100.

The takeoff and landing processes described above uses the

detection of the spindle speed to determine the movements betwedan



At a step 414, the actuator 36 is energized such that tab 152 exerts a
force equal to S against the bias device 154.- This causes bias device 154
to di splace and actuator 36 rotates slightly clockwi se. This results in
slider 30 noving- over the takeoff/landing zone 102 at a step 416. Next, at
a step 418, the spindle nmotor 16 is powered off and the disk rotation
begins to slow. At a step 420, the sptnmdie speed is detected and at a step
422-it-is determined if the speed is less than or equal to P. If yes, the
process proceeds to a step 424 and if not, it returns to step 420. The
speed P shoul d be that speed at which the disk is still rotating and wll
continue to rotate for a tinme sufficient to nove slider 30 to parking zone
100. In the preferred enbodinent, 0 [err] P [err] 500 RPM and P is

preferably 1¢Hk REMiod¥ zonekep Hbwévet he idGhy aduld3814c beoussedadnen and bi as
devi ce 154 presses tab 152 back against the side of recess 150 adjacent |eg
144. At a sthan dgbeckior of | the spaAnddr EPepd omIakbby AALLERRR ez 6102 to

the parking &94‘%1&\99 a%%@el%lggnrﬁﬁe d ‘%rg Sul;nnl tﬁ d%t%tc@.&'ﬂﬁe 3045 §<$déeder .

is at rest in par zone ng processes scri bed
above uses tde adeeetdimrmobtnt e smmaohlm;espem diekdid gowened tdneorovenent s
bet ween -é%;gfed'off. These time'periods are determined by the particular
acceleration or deceleration of the spindle motor such that the
movement of the slider between the various zones will occur at
spindle speeds equivalent to those described above. Fig. 10
shows a graph of slider flying height versus tiﬁe and disk
eeee e e XOLALAONAL- -Speed -for- the preferred--embodiment-which—has-a—£iying -— -~ -———-
height of 70 nm.
The processes 300 and 400 may be modified if the alternative
embodiment using the timing device is used instead of the spindle
speed detection. In this case, steps involving the detection of
the passage of time periods is used to replace the detection of
the spindle speeds at steps 312-314, 320-322, and 420-422. The
rest of the process s;eps remain the same.
Fig. 11 shows a cross-sectional view of an alternative
embodiment of the present invention which is designated by the
general reference number 500. In embodiment 500, the parking
zone 100 and the landing/takeoff zone 102 are interleaved with
each zone having two noncontiguous portions each separated by a

portion from the other zone. The slider 30 has parallcl air

bearing rails 510 which extend along either side of the bottom of



t he various zones. However, timng could also be used rather than detection
of the spindle speed. In this alternative case, the timng device 51 in the
control unit 50 detects the passage of a certain anmount of tinme after the
"disk is powered on or powered off. These tine periods are determ ned by the
particul ar accel eration or deceleration of the spindle notor such that the
novenment of the slider between the vard aus zones will occur at spindle
speeds equival ent to those described above. Fig. 10 shows a gyaph of slider
flying height versus time and disk rotational speed for the preferred
enbodi ment which has a flying height of 70 nm The processes 300 and 400
may be nodified if the alternative enbodi nent using the timng device is
used instead of the spindle speed detection. In this case, steps involving
t he det ecti orthef stigerpd§sadheofisejofe these ads beaniggdrably dsl ekl tpown

detection of ;th pi.ndl e ee at s _312-314 0-322. and 420-422. The
rest of the plflogléésars 'epgﬁé)ewnléiiﬂst ettggn%o.r |°6§ ﬁfl%éﬁo%/\%nézf gf%ssschlecti onal

view of an aldnatnetidyw arenb@uilmept gfatebet e RAtwidtNENdt AheWBidd rias1s
designated by the general reference nunber 500. In enbodi nent 500, the

par ki ng zone 3pdoleffl thae e @iggrnck betvesrpthe 19 Fpé1s nt SireAVd® with each
zone having t\e 00N I %H? rtiQn C r d ortd,Qn omthe
ot her zone. %he gﬁ‘%ﬁ;&%bgg’ as tggr%ﬁq‘eﬁugﬁ g’%?’?r?g‘tl aFlF%/ sgfg \'/éﬁl%hseétend
al ong ei t her izi fle misstibeebfdri @Ak 0f1ider to straddle the intervening zone.

By interleaving the zones the overall width of the textured zones

may be reduced. The operation of the disk drive is otherwise the

same as that described above.

also possible.: For example, the texturing of the takeoff/landing
zone 102 may be omitted such that this zone has the same smooth
surface as thé data zone 104. In this case, the slider would
remain over the parking zone 100 until just after it has become
airborne and then move to the takeoff/landing zone 102. It then
remains in the landing/takeoff zone 102 until the disk reaches
release speed. At that time, the latcﬁ may be released and the
slider allowed to move out over the data zone 104. In this
embodiment, it is possible to record data in the landing/takeoff
zone which may be read as the disk is reaching full operational
speed. The disadvantage of this embodiment is that it does
create a slightly increased amount of wear on the parking zone
since the slider must remain on the parking zone f{or a longer

period of time.

__ .Dther alternative .embodiments. of. the present.invention.are ——ce .



-2 2 - the slider 30. The use of these air bearing rails is well known in
the art. The wdths of the portions of the zones are such that they are
equal or greater than the widths of the side rails and | ess than the

di stance between.the two rails. Since the slider 30 contacts the disk
surface with only the sidé rails 510, it is possible for the slider to
straddl e the intervening zone. By interdeaving the zones the overall w dth
of the textured zones may be reduced. The operation of the disk drive is
ot herwi se the sanme as that described above. O her alternative enbodi nents
of the present invention are also possible. For exanple, the texturing of
the takeoff/landing zone 102 nay be omtted such that this zone has the
sanme snooth surface as the data zone 104. In this case, the slider would
remai n over the potikiadyanoapesl@@ tid idrepersd iavestidn mhpsndwebene ai r bor ne
and then nove to the takeoff/landing zone *102. It then remains_jn the

| andi ng/ t akedPAeTBHRPY02 The (R1eseRE HRveRtiuUTes ¢ dVdhivle Fong. digk wikh
tine, the la CASEGoahn Wel=Ys dt y -OMEr the
data zone 10%%%%%)?%%odi m%ﬁ? f\ﬁ Iﬁ?é%%‘%?irbﬁllell@g@r ec'fglreggdgﬁg*bit n the

| andi ng/ t akedfels aovervwhrough neextbeineadtias ihepdisicdads foegotevagting |
operational speed, The di sadvantage of this enbodinent is that it _does
create a sli ﬁ%Fgl?fh ¥EER aar?ﬁ’ﬂﬁ‘?o‘()‘fngv\éé’rd%fn af‘ﬂettt?agkf]ﬁg‘“f Agesi C€ the
slider nust neawebPEhddi8gPAidd REs ZPNA iGRE1A (1A08MeaR8EeP T eRbutddTE.

surface which is optimized for preventing instantaneous stiction
between a moving slider and disk and for minimizing wear of the

disk surface and the slider. Since the slider is immediately

e e moved _off _of ..the parking.zone as the disk starts-rotating, wear- == ===~

between the slider and the parking zone texturing is greatly
reduced. This prevents the texturing of the parking zone from
being worn down and also prevents damage occurring to the
transducer due ﬁo the wear between the surfaces.

Another advantage of the present invention is that it
teaches a way to precisely position a slider between a parking
zone and a takeoff/landing zone. These textured zones do .not
need to have data and positioning information recorded onto them.
When the slider is over the data zone, it has positioning
information recorded on the data tracks to help it to determine
its position. When the slider is in the parking zone and
takeoff/landing zone, .the system does not need to read
positioning information from the disk. The latch mechanism

ensures that the slider will be positioned in the two zones and



-2 3- The advantages of the present invention nmay now be understood. The
present invention uses a nultiple zone disk with each zone optim zed for
its particular purpose. The parking zone has a very rough texturing which
is optimzed for preventing stiction between a non-noving slider and the
di sk surface. The takeoff/landing zone has a slightly (internediate)
textured surface which is optimzed foré preventing instantaneous stiction
bet ween a noving slider and disk and for mnimzing wear of the disk
surface and the slider. Since the slider is imediately noved off of the
par ki ng zone as the disk starts rotating, wear between_the slider and the
parking zone texturing is greatly reduced. This prevents the texturing of
t he parking zone from being worn down and al so prevents damage occurring to
t he transducer tiigebias devioedmn bbeViedcht bresuesf atebici\nest hbe @y anhege of

the present inyenti .S t: it teaches way to precjsel osition a
slider bet Ween\égepﬁf%%gw}gﬁé’eaﬁlacaatetdake _ftPFaﬁ‘b"i%§°fo’rFe.la¥ﬁ£%% angdyRQr ed -
zones do not needuitbavecsai B LNSEhL WYiREr | 1 BEOBd @) ERCYided onto

them Wen the sl-ider is over the data zone, it has positioning informtion
recorded on thdediea imtackke trarkiéhg zZonet o Gaversalye if shgosctuaker Wein t he

i der T i U RRePAN GoZ N 08 | Gl°OLL AN 1A d 1S SYRkEDgOCS o

need to read
energy equal to S, the slider will be in the takeoff/landing
zone. This device is faulﬁ tolerant since if there is a power
disruption and the actuator is powered off, the bias device
automatically ensures that the slider will be pushed back to the

- parking zone and no stiction will occur between the slider and
the disk. Also, any rotary shock below the Ehreshqld of which
the actuator becomes unlatched will move the actuator instantly
against the bias spring, but the bias spring will force the
actuator back into the parking zone.

Another advantage of the present inventioh is that it
increases the tolerance of the drive to external shocks. Disk
drives are fragile when being transported and the primary reason
is that if you drop the drive, the heads lift off the disk and
then bang into them. The head is made of a mpch harder material
than the disk and this creates disk damage sites that protrude
out.of the disk surface. If you take off and land on a surface
with this protruding damage, the head will be more prone to
crashing. With the present invention, any head slap damage to

the disk is confined to the parking zone. This damage will not



positioning information fromthe disk. The |atch nmechani smensures that
the slider will be positioned in the two zones and - -24- the bias device
in the l[atch ensures in which of the two zones the slider will be |ocated.
If the actuator is |atched and no actuator force is exerted, the slider is
bi ased by the bias device into the parking zone. Conversely, if the
actuator is in the latch position and 4 hke. act.uator is energized to a
certain energy equal to S, the slider will be in the takeoff/landing zone.
This device is fault tolerant since if there is a power disruption and the
actuator is powered off, the bias device automatically ensures that the
slider will be pushed back to the parking zone and no stiction will occur
between the slider and the disk. Also, any rotary shock bel ow the threshold
of which the raaiUSEEE RRCBERFoMANREChafeW Lo @}Yeetéﬁﬁ%ﬁa&z‘)ﬁows%%

agai nst the bias spring, but the bias spring wll force the act uat or back
into the parKisigszoaee tnshaemdadaded agdeof £ (la@dpnesmme.i nvention is that-

it increases the %qupce of _the_drive to external shocks., Di sk, drives are

fragile when bei ng tTandSoPt efasd ?’Préodp}f“feﬂ‘é? Wi BB AT esent HAverkiShu drop

the drive, thmvieepden liflusetdcdd@ndastaiands £ haRubPaNE apherddiethadhe head is
made of a nuch harder material than the disk and this creates di sk damage
sites that pﬁywagagatlons and adaptions to those embodiments may occur to one

skilled in the art without departing from the scope of the

present invention as set forth in the following claims.



out of the disk surface. If you take off and Iand on a surface with this

protrudi ng danage, the head will be nore prone to crashing. Wth the
present invention, any head slap danmage to the disk is confined to the
par ki ng zone. Thrs damage will not hurt stiction_performnce. \Wen the

drive spins up or down, the heads nove to the undanaged t akeof f/ | andi ng
zone. Wile the preferred enbodi nent s, gf _ t he . pr esent ”mmmllﬂ“nrmﬂ”men
illustrated in detail, it should be apparent that npd

adaptions to those enbodrnents may occur to one skilled ih the "art w'thout
departing fromthe scope of the present invention as set forth in the
foll ow ng cl ai ns. 26 CLAIMS 1. A data storage systemconprising: a
data storage nmedi um having first, second and third zones, the first zone
having a rough texture surface, thenpeapne 3@ having an internediate
texture surface with the first and second zones being radially |nterleaved
and the thirPafossd EkRimed dssnoot hest texture surface; a transducer
assenbly positioned proxi mate the data storage nedium a novenent device
for moving the data storage nediumrelative to the transducer

1. A data storage system comprising:

a data storage medium heving a first, second and third zone,
the first zone having a'rough texture surface, the second zone
having an intefmediate texture surface and the third zone having
a smooth texture surface;

a transducer assemb;y bositioned proximate the data storage

- medium;- - e e e

a movement device for moving the data storage medium
relative to the transducer assembly; and

a positioning device for selectively positioning the

transducer assembly proximate the first, second and third zones.

2. The system of claim 1, further_comprising a control
device connected to the movemeﬁt device and the positioning
device for mo§ing the transducer assembly between the first,
second and third zones responsive to the speed of the movement

devi za.
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‘assenbl y; and a positioning device for selectively positioning the
transducer assenbly proximate the first, second and third zones. 2. The

data storage systemof claim1l wherein: the transWﬂ‘pﬂ ses
an air bearing slider and a magnetic transducer cated proxi ma ¢ di sk;
t he novenent device conprises a spindle notor for r m&mﬁu i\ﬂ
relative to the transducer assenbly; ar’d?’the posi tl\mmﬂ

an actuator connected to the transducer assenmbly for*sei ecti vel y
positioning the transducer assenbly proximate the first, second and third
zones. 3. The system of claim 2, further conprising: 27 a control

devi ce and a spindle notor sensor, the control device connected to the

spi ndl e notor, speed sensor and actuator and novi ng the transducer assenbly
bet ween the fi rst, 3secamk apstdmiofdcZaiies, e6RMesi vemddsihe Speadrei the

spindl e.notor. 4. The systemof claim2, further conprising: a control

device and a t9WifG SeRReSEed; bR DEnNPYRMEREy ABWCeoARS Cthed POS! 1iRB i8S ndl e
motor, actuat of.Ad kg nﬁiwﬁhggtrﬁee\(:ggﬁsqu QQé’én[&Qytﬂ'&v}eeﬁ“éﬁé'%%sésse”b' y.
between the fi rst second and third zones responsive to a timng period
related to theseq:unﬂdhﬂd matied poves respslidivento & seleddsdl $ysé qrardabdcafien 2,
wherein the texturing of the first zone is sufficient to prevent friction

bet ween the t r%?’(?d’ue ra%%%WEFW%fnﬂftﬁ‘ée &’&'f’&“‘%‘ltol‘i&&bc?redl um when t he

rises

4, The s&stem of'élaim 1, wherein the texturing of the
first zone is sufficient to prevent stiction between the
transducer'assembly and the data storage medium when the

. transducer assembly is at rest against. the surface -of-the data ----
storage medium, and the texturing of the .second zone is
sufficient to prevent stiction between the transducer assembly
and the data storage medium when the relétive speed between the
transducer assémbly and the data storage medium is greater than
zero, but less than the speed at which the transducer assembly

operates when it is in the third zone.

5. fThe system of claim 1, further comprising:
a latch device for limiting the movement of the positioning
device so that the transducer assembly remains proximate the

first and second zones.
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transélucer assenbly is at rest against the surface of the data storage
medi um and the texturing of the second zone is sufficient to prevent

stiction between the transducer assenbly and 't he dat a—storage nedi um when

the rel ative speed between the transducer assenbly and the data storage
mediumis greater than zerb, but less than the speed amm,ﬂ,‘"l"ﬁwumu
transducer assenbly operates when it iszignthe third:z stem
of claim2, further conprising: a |atch device for Ilmtlng th e ‘movenent of
the actuator so that the transducer assenbly renains proxinate ‘the first

and second zones. 7. The system of claim?2, wherein the first zone has

texture features having a height in the range of 20 to 80 nm 28 8.
The system of claim2, wherein the second zone has texture features having

a hei ght in the ragge Olfhelgygeenlﬁ%fnglalgn 5, wgéﬁlﬁyﬁgmagéh%%l%zfugt géher

conprising a housing surrounding the disk, transducer asse spin
nmot or and act ueempriseg.a biAsddedicst toxgdasing amecpopirtiionndevizer 86 ottiitng

di sk; a transd cerass roxinpate to the disk; a spindle notor
for rotating the §FeRs ‘f‘b‘?eiyf‘%e"?b&yt 1"1% RIOXHERfcR &he g F92®an act uat or
connected to the transducer assenbly for noving the transducer assenbly

relative to the disk, the actuator being nounted on a pivot allow ng rotary
movenent; and a | afeh dthe sestem ofnghajimd. t wieersdh utitensesond zonat is he '

actuator movengat ©s.lim ted, 'first and third zones.

8. The system of claim 1, wherein the data storage medium

is a magneiic recording disk.

9. . The system of claim 1, wherein the transducer assembly

is an air bearing slider and magnetic transducer.

10. The system of claim 1, wherein the movement device is a

spindle motor.

11. The system of claim 1, wherein the positioning device

is a rotary actuator.

12. The system of claim 1, further comprising a housing
surrounding the data storage medium, transducer assembly,

mounting device and positioning device.

__;____?______________
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the latch device having a | atched position and an unl atched position, the

| at ch devi ce having a bias device active in the |atched position to exert a
bias force to urge the actuator to rotate to ‘a parking position the bias
devi ce being displaceable while the latch device is in the | atched position
by a rotary force applied to the actuator to opposimnmlmu““gmw{upl owi ng
the actuator to nove to a takeoff positd®m 11. S arg m 10,
wherein the actuator has an engagenent tab, and the ﬂafcthoﬁprlses a
pivotal |y mounted nenber having a recess for engaging the tab, the 29
recess being larger than the tab to allow the tab to nove fromthe parking
position to the takeoff position. 12. The system of claim 11, wherein the
bi as device is |located within the recess. 13. The system of claim 12,
wherein the bias de®i cerhes sgstanioEpeidlign 1] 4wherciiCrisy Fiest tfnaCkatdadl 2,
further conprising a magnetic device f.or holding the latch in | atched
position. 15. ZORRS(REk é%qléél%cﬁﬁiFF§?¢Kﬁd-a magneti c recording disk; a
transducer assenbly; a spindle notor for rotating the disk relative to the
transducer assenbly; an actuator connected to the transducer assenbly for
novi ng the transdulér essianbl storelgat systdnocbmpridifk: when energi zed; and a

| atch which is pivotally nounted to rotate between |atched and unl at ched
posi tions and enga@e@aqqg§l&cf%&&??ﬂn9WEﬁ§h-HaY+R9Iaafb¥ﬁﬁi pecend ardwiiirdy

resilient biasdiRyi tRe WidishIz4AE hliﬂ}iﬁ@tao&qﬁﬁi-ﬂ&%uﬁe RREESL 1180t s DESHRET

positioning the transducer .assenbly over
zoné having an intermediate texture surface and the third zone

having a smooth texture surface;
a transducer assembly comprising an air bearing slider and a
. magnetic transducer located broximate the disk;
a spindle motor for roﬁating the disk relative to the
transducer assembly;
an actuator connected to. the transducer assembly for
selectively positioning the tfénsducer assembly proximate the

first; second and third zones. -

15. The system of claim 14, further comprising a control
device and a spindle motor sensor; the control device connected
to the spindle motor, speed sensor and actuator and moving the
traﬁsducer assembly between the first, second and third zones

responsive to the speed of the spindle motor.
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a parking position the resilient bias device being-displaceable while the
| atch device is in the |latched position by a rotary force applled to t he
actuator to oppose the bias force, displacenent_of

device noving the transducer assenbly to a takeoff position.

The disk drive of claim 15 further conprising: anumﬁﬂﬁm U‘ H!ﬁn t he
actuator which is smaller than a recess®far engag e |latch
devi ce, the tab being smaller than the recess all oW ng the tab .to nove from
t he parking position to the takeoff -position while engaged in the recess;
means for limting the rotation of the latch at the | atched position; and
means for exerting an attractive force on the latch in the | atched
position. 17. The di sk drive of claim 16 wherein a force applied to the
actuator in the |at'®hed™pROSYELEER F §|5P-H'&e1§ t ferthesi compnishhasa denkrel
allowing the a anl O o) k n_before overcom t he
attractive forgg’%é;glnﬁga {Eﬁgﬁflgt% l%% ro §8§1L°]t ﬁen?ﬁ §Pgﬂ%%teﬁo§?tﬁ[}gen. 18
The di sk dri vesnindileamqtd_zﬁ aktnaior ahe mhammimj detriidd, Rgathe,ingt ehé on of

the latch is a_rubbe er . The disk drive of claim16 wherein the
means for exer FFHY %B‘PH’/@WFE% the fipgfynéecomd and YhirdjeeResiri ve of
clai m 15 Mhereréeadmlbéa& QCYLfifhd PePidPeiRELILo e opshfe Gty Ui Of
claim 15 wherein the actuator noves 1 n an arcuate path hear an extr eme
end of the patecndiddgns the nonresilient nenber causing the latch to rotate
into the |atched position.

17. The system of claim 14,_wherein the texturing of the .

first zone is Sufficieni'to prevent stiction between the

_ transducer assembly and the data storage medium when the
transducer assembly is at rest against the surface of the data
storage medium, and the texturing of the second zone is
sufficient to prevent stiction between the transducer assembly
and the data storage medium when the relative .speed between the
transducer assembly and the data storage medium is greater than
zero, but less than thelspeed at which the transducer assembly

operates when it is in the third zone.

18. The system of claim 14, further comprising:
a latch device for limiting the movement of the actuator so
that the transducer assembly .remains prbximate the first and

second zones.
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25. The systemof claim 14, wherein the first and second zones are radially
I nterl eaved. 26. A data storage system conprising: a magnetic recording

di sk; a transducer assenbly |ocated proximate to the disk; a spindle notor
for rotating the disk relative to the transdu n_act uat or
connected to the transducer ssenbly for noving the.tr senbly

. relative to the disk; and a | atch devic2ifor e m&g&g W such
that the actuator novenent is limted, the latc Vishg* a blas
“device for biasing the actuator bet ween a first and second posi ti on when
the actuator is engaged in the latch. 27. The system of claim26, wherein
the actuator is a rotary actuator having an engagenent tab, and the |atch
conprises a pivotally nounted nenber having a recess for engagi ng the tab.

28. The system of e@bai ruh26systen @fNclidign hidaswikretifietlies fiosatad veddia t he

recess. 3 2 - 19. The systemof claim 18, wherein the |atch device
. zones are radially interleaved.

' 26. A data storage sysﬁem comprising:
a magnetic recordihg disk;
a transducer assembly located proximate to the disk;
a spindle motor for rotating the disk relative to the

transducer assembly;

. an actuator connected to.the transducer-assembly-for moving ----- - ==

the transducer assembly relative to the disk; and

a latch device for engaging the actuator such that the
achator movement is limited, the latch device having a bias
device for biasing the actuator between a first and second

position when the actuator is engaged in the latch.

27. The system of claim 26, wherein the actuator is a
rotary actuator having an engagement tab, and the latch comprises

a pivotally mounted member having a recess for engaging the tab.

28. The system of claim 26, wherein the bias device is

located within the recess.



further conprises a bias device for biasing the actuator so that the
transducer assenbly is proximate the first zone. 20. The systemof claim
19, wherein the latch conprises a latch |ever having a recess cont a| ni ng a
| eaf spring. 21. The systemof claim14, wherein the TiTs

third zones are concentric with-the first zone Ioc t he - |nner
di aneter of the disk, the third zone tcécated proxi m@gaﬁ nmet er
of the disk, and the second zone internediate the fi¥stc an nes
22. The systemof clai'm 14, wherein the first zone has texture features
having a height in the range of 20 to 80 nm 23. The system of claim 14,
wherein the second zone has texture features having. a height in the range
of 10 to 50 nm 24. The system of claim 14, further conpri sing a housing
surroundi ng the di r I t n uat or

-33- 29. The systelrgﬁkof ?al m %’g °‘\7ﬁ%§r§gi?n%t'hg’ﬁﬁu as ggl%(ratc?‘sg% Ccteafsprl ng.
30. The syst efupthed abmbPisesf Hrbiwy deoigs ifornyiss imggtkd iactdevor aof ehat

hol ding the latch in a position engaging the actuator. 31. A nethod for

control | i ng athatEFrassepagfe asgemely é&nﬁ?‘?’%ﬁ“ﬁéetw Eizpt wme-

20. The system of claim 19, wherein the latch qomprises a

latch lever having a recess containing a leafspring.

21. The system of claim 14, wherein. the first, second and

third zones are concentric with-the first zone located proximate

""thé inner diameter of thé disk, the third zone located proximate— -~ —— =

the outer diameter of the disk, and the second zone intermediate

the first and third zones.

22. The system of claim 14, wherein the first zone has

texture features having a height in the range of 20 to 80 nm.

.23. The system of claim 14, wherein the second zone has

texture features having a height in the range of 10 to 50 nm.

24. The system of claim 14, further comprising a housing
surrounding the disk, transducer assembly, spindle motor and

actuator.

_
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starting to rotate a data storage di sk when a transducer assenbly is

| ocated over a first zone, the first zone having a rough texture surface;
novi ng the transducer assenbly with an actuator—${»4%$xﬁn444y¥4ywep—a second
zone when the speed of the disk is between zero and a nornal ogeratlng

speed; and noving the transducer assenbly with a Mﬂ”ﬂjwﬂﬂl QI sition
over a third zone when the disk is at_gq;ﬂal oper The '
met hod of. claim 31, wherein the third zZone has a snooth texture surface and
t he second zone has an internedi ate texture surface. 33. The nethod of
claim 31, wherein the transducer assenbly_is |latched i.n a position over
both the first and second zones and wherein the nethod further conprises

the step of unlatching the Iatch when the transducer assenbly is noved to
the third zone. 34. The nethod of claim 33, wherein the latch has a bias

device which forces. t et sphasiieercasseb| WwHededn | 10RAbELAH deRritBeid iar st zone
and wherei-n the process further conprises the step of energizing the
actuator to hP@EERFI-he bias force of the bias device and noving the
transducer assenbly to the second zone. 35. A nethod for controlling a data
. storage system conprising the steps of: ’

30. The system'of claim 26, further comprising a magnetic

device for holding the latch in a position enéaging the actuator.

31. A method for controlling a data storage system
comprising the steps of:

startlng to rotate a data storage dlSk when a transdgee;mmn
lassembly is located over a first zone, the first zone having a
rough texture surface;

moving the transducer assembly with an actuator to a
position'over a second zone when the speed of the disk is betﬁeen
zero and a normal operating speed; and

moving the transducer assembly with an actuator to a

position over a third zone when the disk is at normal operating

speed.

32. The method of claim 31, wherein the third zone has a
smooth texture surface and the second zone has an intermediate

texture surface.



£ O
novi ng a transducer assenbly with an actuator froma |ocation proximte a
first data storage zone of a data storage disk to a position proximte a
second zone; slow ng the speed of the data storage di sk; noving the
transducer assenbly with an actuator to a position proxi j zone
havi ng a rough texture surface priar to the tine t ' rot ati ng.
36. The nethod of claim 35, wherein the Y§ata zone WMM@EH#}"Pm .
surface and the second zone has an internediate texture su g o8- 35
37. The nethod of claim 35, wherein the actuator is latched in a position
such that the transducer assenbly is proximate the second and third zones
and the nethod further conprises the step of engaging the |atch when the
t ransducer assenblg is nmoved fromthe data zone to the second and third
zones. 38. The netbdd Fhechethad3pf gledmeh. twherkin chehtmamsdbces aeenbhy
whi ch forces tjhie;tfansdyge S ly proximate the third zone_and the
process furt hel:% %%[r:’rprl sg'gl % _ ssl?'ggno?‘})egng?%?fﬁﬁgpjtﬁé auq (PEE8RY 12PN6F P RS e

the bias forcemheteihat AetRRYifGRthaéNGofBYiNG tRE dredNsAuRLedssRMRhY tO

t he second zone.
latch when the transducer assembly is moved to the third zone.

34. The method of claim 33, wherein the latch has a bias
device which forces the transducer assembly to a location in the
first zone and wﬁerein the process further comprises the step of
energizing the actuator to overcome the bias force of the bias

_ Gevice and moving the transducer assembly to the second zone.

35. A method for controlling a data stﬁrage system
comprising the steps of: f

moving a transducer assembly with an actuator from a
location proximate a first data storage zone of a data storage
disk to a position proximate a second zone;

slowing the speed of the data storage disk;

moving the transducer assembly with an actuator to a
position proximate a third zone having a rough texture surface

prior to the time the disk stops rotating.

36. The method of claim 35, wherein the data zone has a
smooth texture surface and the second zone has an intermediate

texture surface.
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37. The method of claim- 35, wherein the actuator is latched
in a positioﬁ such that the transducer assembly is proxiﬁate the
second and third zones and the method further comprises the step
of engaging the latch when the transducer assembly is moveg from
-the data zone to the second énd third zones.

38. The method of claim 37, wherein the latch ‘has a bias
device which forces the transducer assembly proximate the third

zone and the process further comprises the step of energizing the

- actuator to overcome  the bias force of the bias device and-moving- - -~ -

the transducer assembly to the second zone.



