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Accel eration Method for CSS Applications,” filed March 21, 2001. Field of
the Invention This application relates generally to a data storage device
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procedure for rotating a data storage disc in a disc drive. 10 Background
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head nounted on an actuator an o) q) nference of each disc is
referred 15 to as the "outer di he center of each disc is
referred to as the "inner dianeter" (ID). Aread/wite head is said to
"fly" over the disc surface as the disc rotates. Wen disc rotational

vel ocity decreases, the |ayer of gi r agpgqrti,ng the read/wite head above
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di sc dri 'system initiates disc rotation in an attenpt to nove the
read/ wite head fromthe disc surface. A conventional contact-start-stop
(CSS) solution may be used to adgsg8gsrilimveagiiem In 25 a disc drive
systemutilizing a CSS interface, a read/wite head | ands and is parked on
a textured |anding zone, preferably near the ID of the disc, as the disc
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10 Background of the Invention

Modern hard disc drives comprise one or more rigid discs that are coated with a
magnetizable medium and mounted on a spindle hub of a spindle motor for rotation at a high
speed. Information is read from and written to each disc on a plurality of concentric tracks by a
read/write head mounted on an actuator arm. The outside circumference of each disc is referred

15  to as the “outer diameter” (OD), and the center of each disc is referred to as the “inner diameter”
(ID). A read/write head is said to “fly” over the disc surface as the disc rotates. When disc
rotational velocity decreases, the layer of air supporting the read/write head above the disc
surface diminishes and the head descends toward the disc surface. Contact between the
read/write head and the disc surface can damage the magnetizable medium and the head.

20  Furthermore, through a phenomenon called “stiction,” a read/write head can become temporarily
“stuck” to the disc surface after landing on the disc surface. Stiction can damage the
magnetizable medium, the read/write head, and/or the actuator arm when the disc drive system
initiates disc rotation in an attempt to move the read/write head from the disc surface.

A conventional contact-start-stop (CSS) solution may be used to address this problem. In

25  adisc drive system utilizing a CSS interface, a read/write head lands and is parked on a textured

landing zone, preferably near the ID of the disc, as the disc loses rotational velocity and



| andi ng zone and back to data areas on the disc when the rotational
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which the disc is spinning at the initial rotational vel ocit¥ (M), the
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val ue or"rangé of val'ues, depending on any AurBer “of -t ac ors, inc udi ng,
but not thd aké adfdce, di sc drive design and operating specifications. In
accordance with an enbodi nent, the nulti-phase accel eration procedure nmay
be utilized in creating and maintaining an air bearing between a slider of
a réad/wite head and the di scSwmmmaxyaf the Inyentieihd/ write head accesses
tracks on the disc surface in response to a read/wite 30 instruction. As
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outer dianmeter. As the disc reaches the final rotational velocity (VF), WO
02/ 07799lpehaseseelemanon pracgdure rotates the disc from an initial rotational velocity (VIS toa
final rotational velocity (V) over a predetermined time period (Ts-T;). The multi-phase
20  acceleration procedure applies multiple acceleration steps, rates or phases to the disc to initiate
rotation by the disc at an initial time (T;) and set the rotational velocity of the disc at the final
rotational velocity (Vg). Predetermined constraints and parameters, such as the initial rotational
velocity (Vj), the time (T;) at which the disc is spinning at the initial rotational velocity (V;), the
final rotational velocity (Vr) of the disc and the time (TF) at which the disc reaches final
25  rotational velocity (VF), may be defined to be any value or range of values, depending on any
number of factors, including, but not limited to, disc drive design and operating specifications.
In accordance with an embodiment, the multi-phase acceleration procedure may be
utilized in creating and maintaining an air bearing between a slider of a read/write head and the
disc surface as the read/write head accesses tracks on the disc surface in response to a read/write
30  instruction. As such, the final rotational velocity (V) may be defined as a velocity sufficient to

maintain the air bearing as the read/write head radially traverses across the disc between an inner

diameter of the disc and an outer diameter. As the disc reaches the final rotational velocity (VE),



the read/wite head may be noved froma | anding zone to one or nore data
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be mnimzed or conpletely elimnated, thereby reducing wear on both the

| andi ng zone surface and the slider. 5 I accordance w th anot her

enbodi nent, the nulti-phase accel eration procedure may accelerate the disc

at nul t g I%aw;@é BARlhS b RbESI @&%%Qalﬁﬁng)ﬁ&ﬁ% BhebNeerd ARz RRE bﬁ@% e ween
an initial time paraméter (Ti) and .a final tinme paraneter (TF). such,

t he di secemgratheg the dscet audple actcekraftlonsmamcfeﬂcboqurcﬁs beawesnfthoshder m;i the to a
predefi ne ranet er ut ac ted sec nd accel era

e r GHhLie il ErRE G B Fpk e SF o I a6 BEEORCT 70 EFREDEAER  he
10 rot attplé)fgﬁ(hlng%&cgutrfécggnémg sHigc has reached a velocity sufficient to
create and maintain an air bearing between a slider of the head and the

surface of t Heactiostanas withenbédadembatlimehty themamitrphese acaelension preediirs cndyet ween

t he i nner |arrete and t he out di anet Thus, .the re d/vvrlte
be rmve&cch? Atk 1ﬁ%ﬁfdnwap£eo%e§?ratl%éa’fﬁr %ir@l erafeterryined timg Pﬁlﬂ%dsgiieé‘ﬁeeélt

time TF geggg
accel er atl#lglntﬁggg gﬁgfr%g (mﬁﬁbbé‘ﬂﬁélg as the'r ealc}?L \%ﬂ{ he H]hgg%§§§ ia%cse letr?'ut(ead
| andi ng az ofiest amwmc&n&teoﬂfmn timeaThirte agaddafineyiinn paametdn €T, bot acederated ath sc

is rotating at a rotational vel oqu%Pthat is less than the final ro atlonal
vel oci t yeqopmpcceiaration xake o dinne b FAOF tigienkra ol IRy Féndst corisepand ia A i Badhas

the ,gi > Jota ﬁ@gl?g@.”?l f?% %f&c%% {4 ﬁé&ave‘f@é hﬁ%le(n[\t/@ creﬁletaﬁ(? %}héelﬂﬁggir%s' red

earlye ave ocity ICIe to crea

bear i ng beainweiesnwtdnea §11d'eﬁlef thalhdact hel thel slir&me ofthetdie ditbehas rhdiellheadries
situated in close proximty 20 to the inner dianeter, the desired early
exit velagEps e @W)bewnﬁbe jeidinmetesrd {8 ot Atgctert Aaunithe lfﬁé%(WfH@h%?éi nfléﬁfe
head traverse d T I

accel er% ion 0810 183?]“ n?%?oneggcg ég{{ﬁ&e %ta %@%O%pi%odr% aktotttmprmr ¢ accel eration

rates after t[lﬁ‘@cd&ﬁf‘aﬁicé\Wfrth%bﬂl@ﬂerh&ﬁhmbﬁtnﬂieﬁﬂulﬁqm@sd dbcOleAEon pfocB@irs hdtiybet he
air bearing as the head is noved across the disc toward the outer

di artet ensed® thipecagivadie head enierihs lbndiak gonecand dpéers apt emaptcatitarggigns on the disc

corrpute r.ea ab ram st.or aqe ei e whi.ch tangibly enbadies rogram
st FabEe SR R GR A B iari S B0 B 08 Moty BPRRE R v o8

st or age sdiis %eaﬂeadmlrf&é a8 ieth@ldnahgahe 8s the dactrédcheda Bésnall es1®f alif onal

velocity of the rotating disc. These and various other features as well as
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20  to the inner diameter, the desired early exit velocity (Vp) may be insufficient to maintain the air
bearing as the head traverses toward the outer diameter. Thus, the multi-phase acceleration
procédure may accelerate the disc at one or more acceleration rates after the head has exited the
landing zone in order to maintain the air bearing as the head is moved across the disc toward the
outer diameter. )

25 The present invention also can be implemented as a computer-readable program storage
device which tangibly embodies a program of instructions executable by a computer system to
accelerate a data storage disc at multiple acceleration rates to attain a final rotational velocity of
the rotating disc.

These and various other features as well as advantages which characterize the present

30 invention will be apparent from a reading of the following detailed description and a review of

the associated drawings.

Brief Description of the Drawings




WO 02/ 077992 PCT/ USO01/32421 -4 FIG 1 is a plan view of a disc drive

i ncorporating a preferred enbodi nent of the present invention show ng the
primary iwDeenzl99zonponents. FIG 2 is a functional bl ockPdiragoasad4general |y
showi ng the main functional conponents wused to control the disc drive of
FIG 1. 5 FIG 3 is a plan view of a dis¢ generally show ng the main
conponents on the surface of the disc in accordance with an enbodi nent of
t he present iR@ehidOplan FeG ofh disc @igriagipeating e preégesit anbaaimett off thegiresent
force evolution as rotational velocity of a disc is increased from an
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accordance,wth an .e sent .invention. 15 FIG 7 is a
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vel ocity at a constant acceleration, such as the constant accel eration
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wi th an enbod] t of the present .invention. FIG 8 is a flow di agramthat
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s a flow diagramthat ustrates operationa aracterrstics"s
FIG 8 ivalocitiare detail in accordance with an enbodi ment of the present
invention. FILG 10 is a flow diagramthat illustrates operational
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Det ai | eghrdldemdnigiioan The present invention and its various enbodiments are
described in detail belowwth reference to the figures. Wen referring to
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such as the constant acceleration depicted in FIG. 5, and at multiple phases of acceleration in '
accordance with an embodiment of the present invention.
FIG. 8 is a flow diagram that illustrates operational characteristics of a multi-phase
20  acceleration procedure in accordance with an embodiment of the present invention.
FIG. 9 is a flow diagram that illustrates operational characteristics shown in FIG. 8 in
more detail in accordance with an embodiment of the present invention.
FIG. 10 is a flow diagram that illustrates operational characteristics of a multi-phase
acceleration procedure utilizing an early exit technique for accessing tracks on a data storage disc

25  in accordance with an alternative embodiment of the present invention.

Detailed Description

The present invention and its various embodiments are described in detail below with
reference to the figures. When referring to the figures, like structures and elements shown
throughout are indicated with like reference numerals.

30 A disc drive 100 constructed in accordance with a preferred embodiment of the present

invention is shown in FIG. 1. The disc drive 100 includes a base 102 to which various



invention is shown in FIG 1. The disc drive 100 includes a base 102 to
whi ch various WO 02/ 077992 PCT/ US01/ 32421 -5 conponents of the disc drive
100 are rwOmROT99A top cover 104, shown partially cut awapCT/tSoupent es
with the base 102 to forman internal, sealed environnent for the disc
drive 100 in a conventional manner. Thes.conponents include a spindle notor
156 (FIG 2) which rotates a spindle hub 106 and one or nore discs 108
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zones 120 through the use of an actuator latch arrandgement (not shown),

whi ch prerenihsiudésnachiebdaging sliddrghotohowt) ¢itabling theatay wetsleat 1§38, 1 @lywih etost he
heads 118 are parked. 20 This latch arrangenent is typically a magnetic
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assembly 110 against a stop. Although the landing zone 120 is shown in FIG. 1 as located in
close proximity to the inner diameter 136 of the discs 108, a landing zone 120 may also be
located in close proximity to an outer diameter (OD) 138 of the discs 108. Furthermore, a
landing zone 120 may be located on any portion of the discs 108 between the outer diameter 138
25  and the inner diameter 136 of the discs 108.
The radial position of the heads 118 is controlled through the use of a voice coil motor
(VCM) 124, which typically includes a coil 126 attached to tﬁe actuator assembly 110, as well as
one or more permanent magnets 128 which establish a magnetic field in which the coil 126 is -
immersed. The controlled application of current to the coil 126 causes magnetic interaction
30  between the permanent magnets 128 and the coil 126 so that the coil 126 moves in accordance

- with the well-known Lorentz relationship. As the coil 126 moves, the actuator assembly 110



30 between the permanent nagnets 128 and the coil 126 so that the coil 126
noves in accordance wth the well-known Lorentz relationship. As the coi
126 noveswotoh®7mer uat or assenbly 110 WO 02/ 077992 PCT/ USOPCIA/AN32426 pi vot s
about the bearing shaft assenbly 112 and the heads 118 are caused to nove
across the surfaces of the discs 108. Agsflex assenbly 130 provides the
requisite electrical connection paths for the actuator assenmbly 110 while
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instructions fromthe mcroprocessor 142 directing the control nodule 148
to set phegramteng onéle merquotepswildR hwrel inosicioPdocessor memory (MEM) 143. The
20  MEM 143 can include random access memory (RAM), read only memory (ROM), and other
sources of resident memory for the microprocessor 142. The discs 108 are rotated on the spindle
hub 106 at a constant high speed by a spindle motor 156 that is controlled by a spindle control
module 148. The spindle control module 148 is a component of an application specific integrated
chip (ASIC) 152 receiving instructions related to rotational velocity from the microprocessor 142.
25  The microprocessor 142 sets the rotational velocity of the spindle hub 106, and thus the discs 108
attached thereto, by communicating with the spindle control module 148. Accordingly, the
spindle control module 148 receives instructions from the microprocessor 142 directing the
control module 148 to set the rotational velocity of the discs 108.
Although the spindle control module 148 may be implemented as any type of hardware,
30  i.e. adigital or analog circuit, or software, i.e., machine or computer based programming

language, for illustration purposes and not by means of limitation, the spindle control module 148

is described hereafter as an analog circuit. As such, once the spindle control module 148 is



Al t hough the spindle control nodule 148 may be inplenented as any type of
hardware, 30 i.e. a digital or analog circuit, or software, i.e., machine
or conputwpo okazme programm ng | anguage, for illustrationPglirgseszs2and not
by neans of limtation, the spindle control nodule 148 is described
hereafter as an analog circuit. As such,7.once the spindle control nodule
148 is WD 02/ 077992 PCT/ US01/ 32421 -7 instructed of the desired rotational
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one enbodi nent of the present invention. As such, the spindle control
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system 150 provides such control. Like the spind control nodul e 148, the
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origination track 306 associated w
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126 1sausesl/ wa@nehd €18 8i eealidd 108, tmltsw@mhﬁmr\mmmﬁﬁﬁbn r’fH@ﬂﬁxtrSprbE&séﬂlﬁm 1)
and the coil 126 so. that the coil 126 noves in accordance with t

vel | - knowtrugis tiemgerva edndiol erstam pSO0 akthe Hisplasement pgedagdgy exder tquéh%b%daltl&*o ar ns
e D Y N e e e e e R U
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dat a t r ansiiemnstiretivedron He micopromssopdder Thelc}ommliled heplitiatien df ¢uresnt ®CGhe et a
to be wl % E:z%?seé r%atglgleef\lcdllntsefasctlg'r? %et%vregn %hr(]eupse anent magnets 128 (FIG. 1) and the coil 126 so.
that the coil 126 moves in accordance with the well-known Lorentz relationship. As the coil 126
moves, the actuator arms 114 about the bearing shaft assembly 112 and the heads 118 are caused
to move across the surfaces of the rotating discs 108.
Data is transferred between the host computer 140 and the disc drive 100 by way of a cﬁso
25  drive interface 144, which includes a buffer 145 to facilitate high speed data transfer between the
host computer 140 and the disc drive 100. Data to be written to the discs 108 are thus passed
from the host computer 140 to the buffer 145 and then to a read/write channel 146, which
encodes and serializes the data and provides the requisite write current signals to the heads 118.
To retrieve data that has been previously stored by the disc drive 100, read signals are generated
30 by the heads 118 and provided to the read/write channel 146. The interface 144 performs read

signal decoding, error detection, and error correction operations. The interface 144 then outputs

the retrieved data to the buffer 145 for subsequent transfer to the host computer 140. Such



fromthe host conputer 140 to the buffer 145 and then to a read/wite
channel 146, which encodes and serializes the data and provides the

requi si t evareoereurrent signals to the heads 118. To ret PCEEsSOdsM4al t hat
has been previously stored by the disc drive 100, read signals are
generated 30 by the heads 118 and provided to the read/ wite channel 146.
The interface 144 perforns read signal decoding, error detection, and
error coperetidnsaf thpéisatiions00 dhevellrinewhae éhelddaridreea dBoigeed, Sor dxhmpieein Usved
data to_t he buffer 145 for subseﬂuent transfer to the host conputer 140.
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spindle notor 156 thereby disconnecting the spindle control nodul e 148
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t he surfdace1@8. t he di scs 108, the servo control system 150 dlrects t he
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between the OD 138 and the ID 136. Regardl ess of the position of the
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read/ wité head 118 nay be defined based on the con |gurat|on
t ext ur ed3®endtie-IDebd6ur ed, of the disc 108 and the slider of the head 118.
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20  landing zones 120 may be either non-textured, i.e., smooth surface, or laser-textured. Likewise,
the read/write heacis 118 may contain textured or non-textured sliders (not shown). A specific
interface between a disc 108 and a read/write head 118 may be defined based on the
configuration, i.e., textured or non-textured, of the disc 108 and the slider of the head 118. For
example, a LAP interface (Laser Assisted Pad) may be defined as a configuration having a laser-
25  textured disc surface and a textured, or padded, slider. A laser-texture zone (LZT) interface may
be defined as a configuration having a laser-textured disc surface and a non-textured, or non-
padded, slider. A SLIP interface (Slider Landing Integrated Pad) may be defined as a
configuration having a non-textured disc surface and a textured, or padded, slider. In accordance
with various embodiments of the present invention, the disc drive 100 may contain LAP, LZT or
30  SLIP interfaces between the heads 118 and discs 108.
Although FIGS. 3, 4, 5, 6, 7, 8, 9 and 10 are hereafter described with reference to a single

disc 108, which only has a single type of interface, the disc drive 100 may contain any number of



25 textured disc surface and a textured, or padded, slider. A |aser-texture
zone (LZT) interface may be defined as a configuration having a

| aser -t exwored7®vsc surface and a non-textured, or non- p&daasor/sisptder. A
SLIP interface (Slider Landing Integrated Pad) may be defined as a
configuration having a non-textured diseo-surface and a textured, or padded,
slider. In accordance wth various enbodi nents of the present invention,
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of the disc drive 100. The disc 108 is divided into several concentric
dat a zoA88. 3badizpl B icEridsd mnte eeyicem sorfentrigdiaticzomes BPhwkish3ostaimgeioas ahpl e,
the magnetic . disc f FIG incl udes,.an, jon zpne.308, a cent zone
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burst sectors 314 include data for nmaintaining accurate positioning of the
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108. As the disc 108 rotates, the dat e 118 reads the servo .
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system 150 checks whether the address 20 1n the servo information read from

t he bur sifosedaticarconBirng en pdhpsrvwithin thetsesrotmsdts 84 ebatnliothatsewn infotrhatidne

address_dqes not correspond to_the desired head |ocation, the actuator arm
114 i s kagkisrtheserymeqnrol gt d§0-1The sevarerndie! swtann 450 shacks whethaicthe pddrass on.

20  inthe servo information read from the burst sectors 314 corresponds to the desired head location.
If the address does not correspond to the desired head location, the actuator arm 114 is adjﬁsted
until the head 118 is moved to the correct track location.

- Bach track 306 includes discrete data sectors 322 containing stored user information. The
number of data sectors 322 contained in a particular track 306 depends, in part, on the length (i.e.,

25 circumference) of the track 306. Therefore, tracks 306 located at the outer zone 312 typically
contain more data sectors 322 per data wedge 316 than tracks 306 located at the center zone 311.
Similarly, tracks 306 located at the center zone 311 typically contain more data sectors 322 per
data wedge 316 than tracks 306 located at the inner zone 308. Besides containing user
information, each data sector 322 also may include other data to help identify and process the

30  user information. Tracks 306 may also contain one or more permanently defective sectors 322

that cannot be reliably written to or read from by the disc drive 100 circuitry. For this reason, a



Each track 306 includes discrete data sectors 322 containing stored user
informati on. The nunber of data sectors 322 contained in a particular
track 306woOepen®e2 in part, on the length (i.e., 25 circuwafrarsenda}1 of the
track 306. Therefore, tracks 306 |ocated at the outer zone 312 typically
contain nore data sectors 322 per data wegdge 316 than tracks 306 | ocated at
the center zone 311. Simlarly, tracks 306 | ocated at the center zone 311
typi cal lyf %Qﬂ(gfaellférrﬂi% ?ecflﬁlégr 3&‘8\? 8L Ein3e oPfore ARRYRINE 3% WARA, &a'Ea%Eﬁs%G
| ocated at the inner zone 308  Besl des contal A ng user 1 nformation,
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the 30 user information. Tracks 306 may al so contain one or
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cont act start/stop CSS) technique. Wth respect_to the CSS technique, . the
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oper ati ons en i nsutfici en I ona ed to maintarn the air
bear i ng lhaglingesmetine nsayrfeacdddfatddradid f@gloﬂ;% tBdlisé !nes glat Hepecifiby Wewedditbed
above, the |anding zone 120 may be a dedicated radial region on the disc
108 t hafnipBnigp e e&i%ps/oft shigtion, edhiglpis stﬁtlmfmtz@ hefEer 4 ey sepodtdisstsupace amiach
IS statl frlctl tween a very snooth disc surface and a slider of a
head 118 ?f@fﬁg]re%cﬁ?ﬁg to FIG 4, a graphical representation of friction
forge evol ut irerAfig FPFRY. 14083 aphita] RetdsdntRfontordtistonfoBed Svolitioh@s s@ekidiapm
zero velocity to a final rotational velocity at a constant acceleration.
Mor e speelotityaf & gisc B0&is idcrshspddiam geraphlochy ta @fndgelational (ynlopitY aist goastiant

friction orces OC|at d.w n, LAP i nterface and an | P.interface as
the r ot 65SMHERON, oMt FFRPC caHynélg"ﬁS&%s # P BlsaldePereTIatag P%’Eﬁ‘i.‘m& 342y at | on
over a Gh¥eMdbdiRePH) Eﬂ;hﬁéﬂf&@ ah@ ﬁthEsm@érfa%QEé %e%@taﬁ@ﬁzﬂ%lﬂ%&%doit@dlsc
friction energy, iC t he energy ISSI pated 1 n contact between the

sl i der ab8tidvecasesead/ amnsttmt dveeldrafid® oesrdh it thue padml. diridtion foics ¢s dif¥8tlyai nl y
t houzg h r(]:gf;}tela e?lr‘:g rfr?gt{o%nengrng?/, \Ev E:h‘i‘f%% eggrgy dissipated in contact between the slider of the
read/write head 118 and the surface of the disc 108 mainly though heat generation and the wear of
materials. Thus, friction force may be defined as friction energy divided by contact length.
FIG. 5 depicts a graphical representation illustrating a change in rotational velocity over
time as the disc 108 of both the LAP interface and SLIP interface of FIG. 4 is subjected to the
25  constant acceleration. As such, FIGS. 4 and 5 are described below in tandem. Friction forces
associated with a SLIP interface as rotational velocity of the disc 108 increases from an initial
velocity (V;) of 0 revolutions/second to a final rotational velocity (V) at the constant acceleration
is shown by a SLIP plot 400. Likewise, friction forces associated with an LAP mterface as the
rotational velocity of the disc 108 increases from an initial velocity (V;) of 0 revolutions/second
30  to the final velocity (V) at a constant acceleration is shown by an LAP plot 402. With respect to
both the SLIP plot 400 and the LAP plot 402, friction forces are measured between an initial time

(T;) and a final time (Tf), wherein the initial time (T;) represents the beginning of disc rotation



materials. Thus, friction force may be defined as friction energy divided
by contact length. FIG 5 depicts a graphical representation illustrating a
change i rwpoatidenal velocity over tine as the disc 108 @®#CThsvh3XMbe LAP
interface and SLIP interface of FIG 4 is subjected to the 25 constant
accel eration. As such, FIGS 4 and 5 are;described below in tandem
Friction forces associated with a SLIP interface as rotational velocity of
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velocity (VF), the servo control system 150 noves the read/ wite head 118
fromthe \delmdy ngfﬁzmneto drezﬁe amd madﬂma an eiyibearir@bbtween the slides of t@8cadAsriteuch,
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between the ID 136 and the OD 138.

In accordance with an alternative embodiment, which may be referred to as an "early exit
technique," the read/write head 118 may exit the landing zone 120 at a time prior to the rotational
velocity of the disc 108 reaching final rotational velocity (Vg). In disc drives 100 implementing

25  the early exit technique, the servo control system 150 moves the read/write head 118 from the
landing zone 120 to a data region on the disc 108 at a desired early exit velocity (Vp). The
desired early exit velocity (Vp) may preferably be a velocity sufficient to create an air bearing
between the slider of the head 118 and the surface of the disc 108 as the head 118 is in close
proximity to the ID 136. However, the desired early exit velocity (Vp) is typically insufficient to

30  maintain the air béaring between the slider and the surface of the disc 108 as the head 118 moves
toward the OD 138 due to an increasing large circumference that the head 118 must track as it

moves toward the OD 138. Hence, the acceleration of the rotational velocity must be such that



20 head 118 and the surface of the disc 108 as the head 118 accesses the
surface of the disc 108 between the ID 136 and the OD 138. |In accordance
wi th an awvoeetzovre enbodi nent, which may be referred to ®€Tarso1/z2ae1 y exit
technique,” the read/wite head 118 nmay exit the landing zone 120 at a tine
prior to the rotational velocity of the,disc 108 reaching final rotationa
velocity (VF). In disc drives 100 inplenenting 25 the early exit technique,
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of accel erf;\t ion to ensure that the
reaches the OD 138 may be 3 seconds. If the rotational velocity needed to maintain the air
bearing as the head 118 is in close proximity to the OD 138 is 7200 revolutions/second, then the
constant acceleration applied to the disc 108 is preferably 2400 revolutions/second’.
Referring to FIG. 4, the SLIP plot 400 shows that, for a padded slider-smooth disc
configuration, after a first phase 404 of rapid increase and decrease in friction forces, a second
25  phase 406 occurs where friction first increases then decreases slowly. This second phase 406 is
primarily due to contact of the trailing edge of the slider when the pitch angle is increased
because of the increasing rotational velocity of the disc 108. Referring to the LAP plot 402,
although a second phase 406 of friction increase is not seen as a padded slider takes off from a
textured disc surface, a first phase 404 of friction forces actually last longer in time than the
30 increase realized with the SLIP interface. Whereas the forces shown by the SLIP plot 400

decrease from approximately 4 grams to approximately 2 grams after .25 seconds, forces shown

by the LAP plot 402 remain at approximately 4 grams until approximately .45 seconds. As such,



rotational velocity maintains the air bearing as the head 118 sweeps across
the disc towards the OD 138. As an exanple, and not a neans of limtation,
t he proj ewpDadotivnr that the head 118 20 reaches the OD 138Crais0ha2431
seconds. If the rotational velocity needed to maintain the air bearing as
the head 118 is in close proximty to thg OD 138 is' 7200
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limitation, the final time (TF) is hereafter described in FIG. 6 as 4 seconds and the corresponding
final rotational velocity (V) is described as 7200 revolutions/second. However, it should be
appreciated' that predetermined constraints and parameters, such as final rotational velocity of the
disc 108 and the time (T) at which the disc 108 reaches final rotational velocity (V), may be
25  defined to be any value or range of values, depending on any number of factors, including, but
not limited to, disc drive design and operating specifications.
As the spindle control module 148 receives instructions from the microprocessor 142 to
excite rotation by the spindle hub 106, and thus the disc 108 attached thereto, a current is applied
to the windings (not shown) of the spindle motor 156 thereby initiating rotation of the disc 108.
30  Thus, time 0 seconds of FIG. 6 represents a point in time that disc rotation is initiated, thus, the
rotational velocity of the disc 108 is an initial rotational velocity (V;). The rotational velocity of

the disc 108 is then accelerated at a first acceleration rate 602 from the initial rotational velocity



enbodi nent of the present invention. The disc drive 100 is designed such
that final rotational velocity (VF) is attained in the rotating disc 108
at a predwpDeeniner final tine (TF). Thus, the tine for tRETAISSU3IZUOB to
reach the final rotational velocity (VF) is described and showmn in FIG 6
as the final time (TF) in seconds. \Weregs the final time (TF) is
preferably a predeterm ned tinme 20 constant, the initial tinme (Ti) is
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revol uti ons/ second and predeterm ned at 1 second. "Thus, the first
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thus the di"scs 108 rotatin ereto, to a'second  acceleration .rate 604 in
accordance with an enbodi merag alv/Ahe(VRr epEMy-Thiremy/s’pn.  Speci fical |y,

20 To further illustrate the above example, and not a means of limiting the present invention,
the second velocity (V) 1ﬁay be defined at 5000 revolutions/second and Ty may be
predetermined at 2 seconds. Thus, the second acceleration rate 604 (a,) is defined as 2000
revs/s’.

After the rotational velocity of the disc 108 reaches the second velocity (Vy), which

25 according to the example is 5000 revolutions/second, the spindle control module 148 may change
the rate of acceleration of the spindle hub 106, and thus the discs 108 rotating thereto, to a third
acceleration rate 606 in accordance with an embodiment of the present invention. Specifically,
the disc 108 is then accelerated at a third acceleration rate 606 from the second velocity (Vi) to a
third velocity (Vn+1). As such, a plot 600 shows a constant increase in velocity from Ty seconds

30  to Ty seconds. As mentioned above, the rate of acceleration may be determined by dividing the

| change in rotational velocity of the disc 108 by the time period associated with the velocity

change. Thus, the third acceleration rate 606 may be defined by the following equation:



the disc 108 is then accelerated at a second acceleration rate 604 fromthe
first velocity (V1) to a 15 second velocity (VN). As such, a plot 600 shows
a constamwoier®ase in velocity from Tl seconds to TN se®CRdS01/3:21

menti oned above, the rate of acceleration may be determ ned by dividing the
change in rotational velocity of the disg 108 by the tine period associ ated
with the velocity change. Thus, the second acceleration rate 604 nay be

defined by the foll ow ng e%buza&\i/&ﬁ;zégz:é\:?%g(%ﬁ%%l\)l-[ge]?)rségTN T1) [revs/s2] 20
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def i ned daernized by dirdding thechahgein rotasiondivataconaf thealissdiOBypydhe titse paiied 108
reaches the. final vel ocit VN1 I C ccording t e exanple i.s 6200
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the jsat ¢ @y iagcghficat i on of the spindle hub 106, and thus the discs 108
rotating thereto, to a fourth and final acceleration rate 608 in

accordance wi th an enbodi megpt AUfA”JH(é’F-W@é(&\MI‘Nm\[m/Bﬁn. Specifically, the
disc 108 is then accelerated at a fourth accel erati (%n, rate 608 10 fromthe

third vel oci th? Rerlustipiathe sap rexpaIPde PRY PP Cannl U ifiRe HEaBrsaantes ot
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pl ot 600 shows a increase I n
at 4 seconds. Thus, the fourth and final acceleration rate 608 (a,) is defined as 1000 revs/s’.

20 After the rotational velocity of the disc 108 reaches the final velocity (Vr), which
according to the example of FIG. 6 is a predetermined final rotational velocity of 7200
revolutions/second, the servo control system 150 moves the read/write head 118 from the landing
zone 120 to a data region 304 on the disc 108 in accordance with an embodiment of the present
invention. Although the multi-phase acceleration procedure is shown in and illustrated in FIG. 6

25 as applying four acceleration rates (602, 604, 606 and 608) to the disc 108 to achieve a final
rotational velocity by the disc 108, and thus a final rotational velocity (V) being derived at the
termination of the fourth acceleration rate 608, it should be appreciated that the multi-phase
acceleration procedure may use only two acceleration rates, with the final rotational velocity (V)
of the disc 108 being realized at the termination of the second of the two acceleration rates.

30  Equally important, the multi-phase acceleration procedure may also apply any number of
acceleration rates to the disc 108 to achieve the final rotational velocity (VE), so long as at least 2

acceleration rates are used.



velocity from TN+1 seconds to TF seconds. As nentioned above, the rate of
accel eration may be determ ned by dividing the change in rotational

vel oci ty wb oelez9gi sc 108 by the tinme period associated wpPCh/ushg3amel ocity
change. Thus, the fourth acceleration rate 608 nay be defined by the 15
foll ow ng equation: a4= AV/ AT=( VF- VN+1) /-(6TF- TN+1) [revs/s2] To further
illustrate the above exanple, and not a neans of |imting the present
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between the ID 136 and the OD 138. Because the final rotational velocity
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al t er natirsferablythsdi vedortityisnfilcasnt fnt ¢ragfe ah eirbeaningbetwean the slder gudhe read/write
head 118 and the surface of the disc 108 as the head 118 is located in close proximity to the ID
20 136. However, because the early exit velocity (Vp) is typically insufficient to maintain the air
bearing between the slider and the surface of the disc 108 as the head 118 moves toward the OD
138, the acceleration rates applied to the rotating disc 108 must be such that the rotational
velocity increases at a rate sufficient to maintain the air bearing as the head 118 moves toward the
OD 138 from the early exit time (Tp) to the final time (TF) corresponding to the time that the disc
25 108 reaches final rotational velocity (V).

Referring to FIG. 7, a graphical representation of friction force evolution as rotational
velocity of a disc 108 is increased from an initial velocity (V;) of 0 revolutions/second to a final
rotational velocity (V). More specifically, FIG. 7 shows two graphical representations
illustrating friction forces over time as rotational velocity of a disc 108 increases both at a

30  constant acceleration (plot 702) and at multiple acceleration phages (plot 700). Friction forces

associated with a SLIP interface as rotational velocity of a disc 108 increases from zero velocity

(V) to the final rotational velocity (V) at multiple acceleration phases in accordance with an



10 the read/wite head 118 may exit the | anding zone 120 at a tine prior to
the rotational velocity of the disc 108 reaching the final velocity (VF).
In di sc awpwe®7700D i npl enenting the early exit techni quePCTASIEEM42D
control system 150 noves the read/wite head 118 fromthe | anding zone 120
to a data region 304 on the disc 108 at g desired early exit velocity (VD).
Because the early exit velocity (VD) occurs at a predetermned tine (TD)
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by a first SLIP plot 700. Likewi se, friction forces associated with a SLIP
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because of the increasing rotational velocity of the disc 108. As shown by the first SLIP plot 700,
by applying multiple acceleration phases to the disc 108 between an initial time (T;) and a final
time (TF), the second phase of friction forces between the slider of the head 118 and the surface
of the landing zone 120 is eliminated. Furthermore, applying multiple acceleration phases to the
25  rotating disc 108 results in a shorter time period at which friction forces are realized between the
slider and the landing zone 120 surfacé, as shown by the difference in the first phase 704 of
friction forces between the two plots 700 and 702. Whereas the forces shown by the first SLIP
plot 700 decrease from approximately 4.2 grams to approximately 2 grams after .25 seconds, the
forces shown by the second SLIP plot 702 remain at approximately 4 grams until approximately
30 .6 seconds. Although not shown, application of multiple acceleration phase-s to a disc 108 from
an initial rotational velocity (V;) of zero revolutions/second to a final rotational velocity (V) in

disc drives 100 utilizing an LAP and an LZT interface eliminates any potential second phases of



the rotational velocity of the disc 108 reaches a final rotational velocity
(VF) sufficient to maintain an air bearing between the slider of the head
118 and twe ogrdare of the disc 108 as the 10 head 118 nowe3/usows4al t he OD
138. As an exanple, and not a nmeans of limtation, the tine (TF) for the
disc 108 to reach the final rotational vglocity (VF) is described and shown
in FIG 7 as 8 seconds. Thus, the initial time (Ti) is O seconds and the
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wi th an enbqdi pent, the present invention nma nted as
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rotational velocity of the disc 108 at a predetermlned threshold rotational velocity (V1y) from an

initial rotational velocity of zero revolutions/second in accordance with an embodiment of the
present invention. The multi-phase acceleration procedure 800 preferably accelerates the disc
108 at multiple acceleration rates such that the threshold rotational velocity (Vy) is realized at a
25  predetermined threshold time (T1y). In accordance with an embodiment, the threshold velocity
(V1) is a velocity sufficient to create an air bearing between a read/write head 118 and a surface
of the disc 108 as the head 118 exits a landing zone 120 and enters a data region 304 on the
surface of the disc 108. As such, the threshold velocity (V) may be a final velocity (V) in
accordance with one embodiment of the present invention or a desired early exit velocity (Vp) in
30  accordance with an alternative embodiment of the present invention. As shown in more detail in
FIG. 9, if the threshold velocity (Vry) is a final velocity (Vg), the threshold velocity (Vy) is a

velocity sufficient to create and maintain the air bearing as the head 118 radially traverses across



rates to attain a final rotational velocity (VF) of the rotating disc 108.
As such, the logical operations of the various enbodi nents of the present
i nvent i orwoag/ob®i npl enented (1) as a sequence of conput @CTiuspl/a2sent ed
acts or program nodul es running on a conputing system and/or (2) as

i nterconnected machine logic circuits orjecircuit nodules within the
computing 10 system The inplenmentation is a matter of choice dependent on
the per i BNEES oRAL theWRRE djapfetertIBS. GPERIMLLNG tl'%é’tf’f&e%ﬁbld%lc%ﬁ? v n,ggs jhe
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or a desired early exit velocity (VD) in 30 accordance with an alternative
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traver ses, At sReddag, ¢Htd $held®8 108 reaches a first rotational velocity (V). As the disc 108

reaches the first rotational velocity (V1), operation flow passes to a next accelerate operation 808.

The next accelerate operation 808 accelerates the disc 108 at a second acceleration rate until the
disc 108 reaches a second rotational velocity (V). As the disc 108 reaches the second rotational

25 velocity (Vn), operation flow passes to a velocity determine operation 810. The velocity
determine operation 810 determines whether the current rotational velocity of the disc 108 has
reached the threshold rotational velocity (Vry). The threshold rotational velocity (V) may be
defined to be any value or range of values depending on any number of factors, including, but not
limited to, disc drive design and operating specifications.

30 If the velocity determine operation 810 determines that the current rotational velocity is
the desired final rotational velocity (V), operation flow passes to a head exit operation 812. The

head exit operation 812 moves the read/write head 118 from a landing zone 120 to a data region



toward the outer dianeter 138. Thus, the nulti-phase accel eration procedure
shown and 5 illustrated in FIG 10 describes continuing accel eration of the
di sc 108 wavr/ore2t hreshold velocity (VTH) in order to gwamarsvesedehat air
bearing is maintained as the head 118 continues toward *the outer dianeter
138. The multi-phase accel eration procedyre 800 conprises an operation flow
beginning with a start operation 802 and concluding with a term nation
oper at i 604 8 4ne soPBES bf ©:@ldist 108REcHMAL the A dPNBSRaPRLEIsCT AL WA BIPe&H ULy, 800
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nunber of factors, including, but not Iimted to, disc drive design and
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| andi ng zone 120 to a data region WO 02/077992 PCT/US01/ 32421 -20 304 on

t he sur Sacefiodllyt the ndilsiephbdBacsaletativh arocetere 988 dpalie8 nudiiplaccesderation sieps, waitdst e
to % ' eo?gha]:ses {’ﬂ 0 a disc 108 to initiate rotation by the disc 108 at an initial time (T;) and set the
rotational velocity of the disc 108 at a predetermined final velocity (Vg). Thus, the threshold
velocity (Vy) described in FIG. 9 is a predetermined final velocity (V). The multi-phase
acceleration procedure 900 preferably accelerates the disc 108 at multiple acceleration rates such
that the final rotational velocity (V) is realized at a predetermined final time (TF). The rotational
25 velocity of the disc 108 is preferably 0 revolutions/second at the initial time (T;). Predetermined
constraints and parameters, such as the initial rotational velocity (V;), and the time (T;) at which
disc rotation is initiated, the final rotational velocity (V) and the time (Tk) at which the disc 108
reaches final rotational velocity (Vy), may be defined to be any value or range of values,
depending on any number of factors, including, but not limited to, disc drive design and operating
30  specifications.

The multi-phase acceleration procedure 900 comprises an operation flow beginning with a

start operation 902 and concluding with a termination operation 924. Specifically, the multi-



tracks 306 on the disc 108. As described above and in nore detail bel ow,
the head 118 may exit the landing zone 120 at either a final velocity (VF)
or a desiwed20zmby exit velocity (VD). As such, the trackeTd3361/3242t he disc
108 accessible by the head 118 depend on whether the head 118 exits 5 the
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accelerate operation 910.

The next accelerate operation 910 accelerates the disc 108 at a second acceleration rate
different from the initial acceleration rate until the disc 108 reaches a next rotational velocity
(Vn). In accordance with an embodiment of the present invention, the disc 108 reaches the next

25 rotational velocity (V) following a second predetermined time period beginning at time T; and
ending at a time Ty. As such, operation flow passes from the next accelerate operation 910 to a
second query operation 912. The second query operation 912 determines whether the disc 108
has been rotating for the second predetermined time period by comparing the current time of disc
rotation to time Ty. If the current time does not equal time Ty, operation flow passes back to the

30  next accelerate operation 910 and rotation of the disc 108 is continued at the second acceleration

rate until time Ty. At time Ty, operation flow passes to a third query operation 914.



-21 phase acceleration procedure 900 is initiated at the start operation
902 as a conputer mcroprocessor 142 transmts a read/wite instruction to
a servo cwpoteor79system 150 and a spindle control nodul e PEgUSThE2421
read/wite instruction directs the spindle control nodule 148 to begin
spinning one or nore discs 108 to which gata is to be witten to or read
froma read/wite head 5 118 controlled by the servo control system 150.
For sinplicitrye thiREquBH bperBlis®1 PEEShBEAtWIRer BlOGRRHT Rt ARl welstesriRed
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operation flow passes back to the initial accelerate operation 906 and
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In accordance with an embodiment of the present invention, the disc 108 reaches the next
rotational velocity (Vns+) following a third predetermined time period beginning at time Ty and
ending at a time Tys+1. As such, operation flow passes from the subsequent accelerate operation
25 920 to a fourth query operation 922.
The fourth query operation 922 determines whether the current time is time Tyn+. If the
current time is not time Tyq+1, operation flow passes back to the subsequent accelerate operation
920 and rotation of the disc 108 is continued at the third acceleration rate until time Ty+;. At
time Tn+1, Operation flow passes to the third query operation 914 and continues to the head exit
30  operation 916 if the current time equals time Tr. If, however, the disc 108 has not been rotating
for the final predetermined time period ending at time Ty, operation flow passes back to the

subsequent accelerate operation 920 and continues as previously described. Each instance that
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pr edet er mvoed/ofi9pml rotational velocity (VF) by conpari ngPChasoesgeh of the
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The multi-phase acceleration procedure 1000 preferably accelerates the disc 108 at multiple
acceleration rates such that final rotational velocity (V) is realized at a predetermined final time
(Tr). The rotational velocity of the disc 108 is preferably zero revolutions/second at the initial
time (T;). The multi-phase acceleration procedure 1000 is a multi-phase acceleration procedure,
25  such as the procedure 900 in FIG. 9, incorporating operations associated with an early exit
technique moving a read/write head 118 from a landing zone 120 to a data region 304 on the disc
108 at a desired early exit velocity (Vp). Thus, the threshold velocity (V1y) described in FIG. 10
is a desired early exit velocity (Vp). Predetermined constraints and parameters, such as the
desired early exit Velocify (Vp), the final rotational velocity (V) of the disc 108 and the time (Tg)
30  at which the disc 108 reaches both the desired early exit velocity (Vp) and final rotational
velocity (Vr), may be defined to be any value or range of values, depending on any number of

factors, including, but not limited to, disc drive design and operating specifications.



for the final predetermned tine period ending at tine TF, operation flow
passes back to the subsequent accel erate operation 920 and conti nues as
previ ouslwodestmbpbed. Each instance that WO 02/ 077992 PCTPUSABOB2A20 - 23
operation flow passes to subsequent accelerate operation 920 fromthe third
query operation 914, the subsequent accglerate operation 920 accel erates
the disc 108 at an acceleration rate different fromthe previously applied
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accelerate operatlon 1004 and rotation of the disc 108 is continued at the initial acceleration rate
until time Tj.
The velocity query operation 1015 determines whether the rotational velocity of the disc
25 108 has reached the desired early exit velocity (Vp). If the velocity query operation 1015
determines that the early exit velocity (Vp) has been reached, operation flow passes to an early
exit operation 1017. The early exit operation 1017 moves the read/write head 118 from a landing
zone 120 to a data region 304 on the surface of the disc 108 such that the head 118 may access,
i.e. write to or read from, tracks 306 on the disc 108. Although the desired early exit velocity
30 (Vp) may preferably be a velocity sufficient to create and maintain an air bearing between the

slider of the head 118 and the surface of the disc 108 as the head 118 is in close proximity to the

ID 136, the desired early exit velocity (Vp) is typically a velocity insufficient to maintain the air



desired early exit velocity (VD), the final rotational velocity (VF) of the
disc 108 and the tine (TF) 30 at which the disc 108 reaches both the
desired eaolog/ozmwpr velocity (VD) and final rotational velPGEIUSYI/EME), nay
be defined to be any value or range of val ues, depending on any nunber of
factors, including, but not limted to, g§.sc drive design and operating
specifications. WD 02/ 077992 PCT/ US01/ 32421 -24 The nmul ti - phase
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time period by comparing the current time of disc rotation to time Ty. If the current time does
not equal time Ty, operation flow passes back to the next accelerate operation 1010 and rotation
" of the disc 108 is continued at the second acceleration rate untilﬁ time Tj.
The velocity query operation 1015 determines whether the rotational velocity of the disc

25 108 has reached the desired early exit velocity (Vp). If the velocity query operation 1015

determines that the early exit velocity (Vp) has been reached, operation flow passes to the early

exit operation 1017. As described above, the early exit operation 1017 moves the read/write head

118 from a landing zone 120 to a data region 304 on the surface of the disc 108 such that the head

118 may access, i.e. write to or read from, tracks 306 on the disc 108. Although the desired early
30  exit velocity (Vp) may preferably be a velocity sufficient to create and maintain an air bearing

between the slider of the head 118 and the surface of the disc 108 as the head 118 is in close

proximity to the ID 136, the desired early exit velocity (Vp) is typically a velocity insufficient to



exit operation 1017. The early exit operation 1017 noves the read/wite
head 118 froma |landing zone 120 to a data region 304 on the surface of
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from tracks 306 on the disc 108. Although the desired early exit velocity
30 (VD) nay preferably be a velocity sufjdcient to create and maintain an
air bearing between the slider of the head 118 and the surface of the disc
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passes back to the next accelerate operation 1010 and rotation of the disc
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108 as the head 118 accesses the surface of the disc 108 between the ID 136 and the OD 138.
Moreover, the final rotational velocity (V) and time Tr may be defined to be any value or range
of values depending on any number of factors, including, but not limited to, disc drive design and
operating specifications.

25 If the third query operation 1014 determines that the length of the current time period
equals the predetermined final time period, operation flow passes to a head exit operation 1016.
The head exit operation 1016 moves the read/write head 118 from a landing zone 120 to a data
region 304 on the surface of the disc 108 such that the head 118 may access, i.e. write to or read
from, tracks 306 on the disc 108. Because the disc 108 is spinning at the final rotational velocity

30  (Vp) at time T, the air bearing is maintained between the head 118 and any location between the
ID 136 and the OD 138 on the disc 108. Once the head 118 is moved to a data region 304,

operation flow concludes with a terminate operation 1024.



25 108 has reached the desired early exit velocity (VD). If the velocity
query operation 1015 determnes that the early exit velocity (VD) has been
reached, wpeearivon fl ow passes to the early exit operati ®ATAGLI32426

descri bed above, the early exit operation 1017 noves the read/wite head
118 froma | anding zone 120 to a data region 304 on the surface of the disc
108 such that the head 118 may access, i.e. wite to or read from tracks
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velocity (Vp) may preferably be a velocity sufficient to create and maintain an air bearing
between the slider of the head 118 and the surface of the disc 108 as the head 118 is in close
proximity to the ID 136, the desired early exit velocity (Vp) is typically a velocity insufficient to
maintain the air bearing between the slider and the surface of the disc 108 as the head 118 moves
25  toward the OD 138. This circumstance is primarily due to an increasing large circumference that
the head 118 must track as it moves toward the OD 138. Hence, operation flow passes from the
early exit operation 1017 to the fourth query operation'1022 to guarantee that the rotational
velocity of the disc 108 increases at a rate sufficient to maintain the air bearing as the head 118
moves toward the OD 138. Operation flow then continues to the fourth query operation« 1022 and
30  continues passing between the fourth query operation 1022 and the subsequent accelerate

operation 1020 until time Ty+1.



of val ues dependi ng on any nunber of factors, including, but not limted
to, disc drive design and operating specifications. 25 If the third query
oper at i orw00247182 ermi nes that the length of the current ®CFaSpEsidod

equal s the predetermned final time period, operation flow passes to a head
exit operation 1016. The head exit opergtion 1016 noves the read/wite
head 118 froma | anding zone 120 to a data region 304 on the surface of

the disc 1081sychetdrahe w%ci@ye%%r}é%rm AAGER formined thatilld @rly@xR _rvero@ﬁg (Vp)
from tracks 306 on the disc 108. Because the disc 108 is spinning a t He

final ratahditdeed reachiedeoparatBth flosFpasses toi thefoTEh query eperativedi0RAyithsutmissingined

between the head 118 and any | ocation between the 1D 136 and the OD 138 on
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-27 |If, "hoviever, t query operation ermnes t t he rength

of the @épirdltss bf wieth@rethé behddid8hanbtenafiondd fidie thy leddihg rond B thithadats fagion
peri od %Tr), operation flow passes to a_ subsequent accel erate operation
1020. TRE4.bsEqenePaeiiel Bowpassehiorthe o qepoongdwngtidftes the disc 108 at

a third accelieration rate different fram.the second C tion..rat

2ppl 1 ed by néXis TueaberPh tferoech Mt o3RS 20eBRRTOR Ak Rhrbfhie me
oper at i @BydlAZCoREARLADAE eStht N@gt Sahd 8 rent fdelpetibe cfli3Ethd PBederPBIRE fRanext
rotational velocity (VN+1). In accordance with an enbodi nent of the

presentﬁhnu@ﬂpﬂ@n&ngheﬁmm§é-IDBOW@ﬁmhbsdﬁhéo&baimﬁ@@alK@ﬁﬁ%fVE%oémay ( VN#1)
following a third,. predeterm ned.ti eriod begi nni i TN and
endith. redielminid SREPRIER Gt v SEr O RCBTeTS 5 ass 6 Trshr e
subsequ %&elléi‘ﬁ_e %b&%ﬁ&? 10RP4R doRfnd 29 pheéidusTyQiébéribed Y §ia¥h fREMAS hafopkPatid2 2
and the velocity query operation 101§. The fourth query operation 1022

det er m files pasdrstdh e subgeqdetacdd@ateapetation 1020 fomrthe fhord dueey ¢deratedn 1014, the
predeterm ned tine onparing the current ti of, disc_rotation

iod b )
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The 1vel agiytagcdletate)thopies a08 e hddpfodah ofifil, 3BSh,Whe! hetelbhton aligtwitnakh
velocity of the disc 108 has reached the desired early exit velocit VD) .

| f vel oépaslergfiseriptedisétedifiorent muBagnaiude Hapdee prenays ageelcEationyateg.g., théll%‘@i( ty

VD has been reached, operati fl sses. to the.ear exit rath on:
1017 AdSG g s BTGB e e LR T Bt PGB b e B et ifbion
read/ wrirftg nﬁﬁ%@l tHeldn{d 1QaEAtudk a9 e Bir 8teleddn rted FOREarifyRAdOPerdfénR Mok e
surface of the disc 108 such that the head 118 nay 20 access, i.e. wite to

or r ead pfuposgs, theactaderaion vite siipdied by thel@Bsequentirocrieratidreoprastioned284s hereafiart
20  referred to as a "next acceleration rate" in order to distinguish the rate from the acceleration rates
applied by the operation 1020 on previous operation flow passes. Operation flow continues
passing between the subsequent accelerate operation 1020, the velocity query operation 1015, the
fourth query operation 1022 and the third query operation 1014 until the third query operation
1014 determines that the disc 108 has been rotating for the predetermined final time period
25  ending at time T, at which time, operation flow passes to the head exit operation 1016 and
continues as described above.
In summary, the present invention may be viewed as a method (such as in operation 800)
for increasing rotational velocity of a data storage disc (such as 108) in a disc drive (such as 100).
The method (such as in operation 800) includes steps of accelerating (such as in operation 806)
30  the data storage disc (such as 108) at a first acceleration rate from an initial rotational velocity to
a first predetermined rotational velocity, accelerating (such as in operation 808) the data storage

disc (such as 108) at a second acceleration rate from the first predetermined rotational velocity to



velocity (VD) may preferably be a velocity sufficient to create and

mai ntain an air bearing between the slider of the head 118 and the surface
of the diwo 0208995 the head 118 is in close proximty toPCRASMIBUIG, the
desired early exit velocity (VD) is typically a velocity insufficient to
mai ntain the air bearing between the sliger and the surface of the disc 108
as the head 118 noves 25 toward the OD 138. This circunstance is primarily
due to anukiOieATAMal M186HCIIE YITIR RRCRohBliIsc [u8h hE 8EB) %&ﬁte@‘dﬁfhe&m%l@s

it moves toward the OD 138." Hence, operation flow passes fromthe early
exi t opestatiommhvdodi?y, nowvitge(shduastih oqauatlyn 8pDratrineduckd gaich os HLA famt e dandhegt

the rotational. velocity of the disc i ncreas rate sufficient to
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early exit operati dcon assi

accel er addalBRefatse®AcrodsdB0 dlst: lieach @s1n 08) BEtesen a@nﬁxﬁ@tdmﬁetaxqzachaaadsshmd an
vel ocity query operation 1015 until tinme TN+1l. 5 Regardl ess of whether the
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time period equals the predetermned final tine period ending at tine TF.
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accel erate operation romthe query operation
subsequebt eqalk eiratle]dpeitidnabvel dA80 I&tecaed:@aam@stem @udln scinld)8rasibn 806) may
acceleration rate different fromthe previously applied acceleration rate.
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(such as 108) at the second acceleration rate between the first predetermined time and a threshold
time corresponding to when the rotational velocity of the disc (such as 108) reaches the threshold
rotational velocity. As such, the moving step (such as in operation 812) may include a step of
displacing the tranéducer (such as 118) from the landing zone (such as 120) at the threshold time. -
25 In accordance with an alternative embodiment, the threshold rotational velocity may be an
early exit velocity creating the air bearing as the transducer (such as 118) exits the landing zone
(such as 120) and accesses the data region (such as 304). As such, the method (such as in
operation 800) may include a step of accelerating (such as in operation 1010 or 1020) the data
storage disc (such as 108) at a third acceleration rate from the threshold rotational veloci‘ty to a
30  final rotational velocity. The final rotational velocity maintains the air bearing as the transducer
- (such as 118) radially traverses toward an outer diameter (such as 138) of the data storage disc

(such as 108). The accelerating step (such as in operation 806) may include accelerating (such as



20 referred to as a "next acceleration rate" in order to distinguish the
rate fromthe acceleration rates applied by the operation 1020 on previous
oper at i orwDloewrpPasses. Operation flow conti nues passing PETASen3zbe
subsequent accel erate operation 1020, the velocity query operation 1015,
the fourth query operation 1022 and thesghird query operation 1014 unti l
the third query operation 1014 determnes that the disc 108 has been
rotati ngy bgdratidiel 06T HRt RN fisOBduch PP QF R dirdncdehafigh Alte bdtiBenlin  at
which tinme, operation flow passes to the head exit operation 1016 and
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traverses across the disc (such as 10 bet ween an inner di ter uch as
136) an@ SFIerHed Hyf coreeRnding forvisa tg%%’}?‘uoﬂél Rty Otr%lrflllee %}E“cé}q@} %&]iﬂf?z step

(such as.d.-ReORERRALIBRLHBAR) MR Yy 10 i ncl ude steps of accelerating (such as in
oper at i O%CQ?LO tlﬁe 1‘gatla stvgragg di sc (such as 108) at the second

accaker at i on Ini at@rdanognwithetlidr egibopineaes, érermcodelating sitp (snah ay @l apetdtipni800 R
second predeterm ned rotational velocity and accelerating (such as in
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accelerating step ésuch as in operation 6) may include accelerating the
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velocity does not equal the threshold rotational velocity. Furthermore, the accelerating step (such
as in operations 1010 or 1020) may include steps of accelerating (such as in operation 1010 or
1020) the data storage disc (such as 108) at the third acceleration rate from the threshold
rotational velocity to a second predetermined rotational velocity and accelerating (such as in

25  operation 1010 or 1020) the data storage disc (such as 108) at one or more next acceleration rates
from the second predetermined rotational velocity to the final rotational velocity if the second
predetermined rotational velocity does not equal the threshold rotational velocity.
The present invention may also be viewed as a program storage device readable by

computer tangibly embodying a program of instructions executable by the computer system to

30 perform a method (such as in operation 800) for increasing rotational velocity of a data storage

disc (such as 108) in a disc drive (such as 100).



initial rotational velocity and a first predetermned tinme corresponding to
when the rotational velocity of the disc (such as 108) reaches the first
pr edet er mvoad/ordpati onal velocity. Likew se, 20 the accel @catisag3zeep (such
as in operation 806) may include accelerating the data storage disc (such
as 108) at the second acceleration rate_fjetween the first predeterm ned
time and a threshold tinme corresponding to when the rotational velocity of

the disc (suqiﬁeaﬁesémﬁvén%ﬁa@ﬁ/awaeoetxhémladdlsmw(kms 108} He@v'lﬂg’a ad\g such,

the noving step (such as in operation 812) nmay include a step of
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accelerating step (such as in operation 806) may include accel erating (such
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(such as in_ operation 812) may include a step of displacing (such as in
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zone (such.as 120 thr Fu

2one | otagar AP bRt nteloRE e et oy TR s A5 B B TR AY, g
the datl@Sﬁéth@Q%ﬁh@& (£L§:HCaB 1@5) e])@tg}healhndﬂgzcﬁﬂer@lhclﬁééqe;b?érﬁi dcessseaihe demt ween
the threshold time and final redeterm ned tinme corresponding to when

t he rot a@gmnéshclveﬂ ) ty a@brdanee witben @Emw@semm)ment@é&mgvm@nf i nal
rotational v accor

accélerati ng %\E/ e{cé%ﬁhaéghq meﬁﬁganc bor1|1 1§ B/@ agapte(? E)b e&%mﬂie ends anrcll advantages

mentioned as Well as those inherent therein. While a presently preferred embodiment has been
described for purposes of this disclosure, various changes and modifications may be made which
are well within the scope of the present invention. For example, the multi-phase acceleration
procedure may be used to retract a read/write head from a data region to a landing zone or a

25  load/unload ramp during disc drive power down. Furthermore, the multi-phase acceleration
procedure méy apply only two varied acceleration steps to the disc, with the second stage
remaining a constant acceleration until the final rétational velocity is attained in the rotational
velocity of the disc. Additionally, the read/write head may exit a landing zone at a predetermined
time corresponding to a desired early exit velocity. As such, determination of whether the head is

30  to leave the landing zone may be based upon this predetermined time, which represents that the

current rotational velocity has reached the desired early exit velocity. Numerous other changes



may include steps of accelerating (such as in operation 1010) the data
storage disc (such as 108) at the second acceleration rate fromthe first
pr edet er mvoad/orddati onal velocity to a second predeterm n®@dTrusvHs4onal

vel ocity and accelerating (such as in operation 1020) the data storage

di sc (such as 108) at one or nore next agceleration rates fromthe second
predeterm ned 20 rotational velocity to the threshold rotational velocity
if the %@a@%dnmeaﬂﬁ&ﬁm nadily Qﬁ%%ét@lﬁ@hsewé@ k@ ok sidNEBInBE af dh@ivhidhGire
threshold'rotational velocity urthernore, the accelerating step (such as
i n oper anfaEssedin ther spirdad)theveny et dmbéosgdep@asﬂefmdem theappengledsisgms.as in
operation 1010 or 1020) the data storage disc (such as 108) at the third
acceleration rate fromthe threshold rotational velocity to a second
predeterm ned rotational velocity and accelerating (such as in 25 operation
1010 or 1020) the data storage disc (such as 108) at one or nore next
acceleration rates fromthe second predeterm ned rotational velocity to
the final rotational velocity if the second predeterm ned rotational

vel ocity does not equal the threshold rotational velocity. The present
invention may al so be viewed as a program storage device readabl e by
conput er tangibly enbodying a program of instructions executable by the
conputer systemto 30 performa nmethod (such as in operation 800) for
increasing rotational velocity of a data storage disc (such as 108) in a
disc drive (such as 100). WO 02/077992 PCT/US01/ 32421 -31 The present
invention may al so be viewed as a disc drive (such as 100) having a data
storage disc (such as 108) rotably nounted to a base plate (such as 102)
and operable to spin at a rotational velocity and an actuator arm (such as
114) rmounted on the base plate (such as 102) adjacent the disc (such as
108). The disc drive (such as 100) includes a transducer (such as 118) 5
attached to the actuator arm (such as 114) such that the transducer (such
as 118) is operable to nove over a surface of the disc (such as 108). The
transducer (such as 118) is preferably parked on a |anding zone (such as
120) on the surface of the disc (such as 108). The disc drive (such as
100) also includes a neans (such as 806 and 808) for accelerating the data
storage disc (such as 108) at multiple acceleration rates froman initial
rotational velocity to a threshold rotational 10 velocity and neans (such
as 8.12) for noving the transducer (such as 118) fromthe | anding zone
(such as 120) to a data region (such as 304) on the disc (such as 108) at
the threshold rotational velocity. The threshold rotational velocity may
be a final rotational velocity creating and nmintaining an air bearing
bet ween the transducer (such as 118) and the surface of the disc (such as
108) as the transducer (such as 118) radially traverses across the disc
(such as 108) between an



15 inner dianeter (such as 136) and an outer dianmeter (such as 138) in
accordance wth an enbodinent of the invention. The threshold rotational
vel oci ty wenn2ar®e2 be an early exit velocity creating an &CI/UseHs4ny

bet ween the transducer (such as 118) and the surface of the disc (such as
108) as the transducer (such as 118) exigis the |anding zone (such as 120)
and accesses the data region (such as 304) in accordance with an
alternative enbodi nent of the inventiogyaglR It Wwill be clear that the
present invention is well adapted to affarn the ends and advant ages

ment i oned as Wikl isghimhdse i nherent therein. Wiile a presently preferred
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the pr estgggneiﬂ{b\ﬁe&,}ﬂ;lgging@gps@fanpl e, the nulti-phase acceleration procedure
may be used to retract a read/wite head froma data region to a | andi ng

zone %r a 25 (apad/amklording dnpdataistorage diss et afirst ecqetengiondeterfronFan itgalnor e,
the multi-phase accel eration rocedure.may apply only two varied
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rot ati onal ocity o e disc. Aa\lditiona y, the read/wite head may
exit a |pnditagizahetaional yredigtte nnhmdadld tatatmnebvaledfypadi ng to a desired
early exit velocity. As su determ nati on of whet he head is 30 to
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-32 may fecshsideotatiogd) veioclty eeads biyd Supgesd art diebagingéstweentthosasdkser hedlthien
the art and which are enconpassed in the spirit of the invention disclosed
and as o®ffagedl thadisse appended clai ms. WO 02/ 077992 PCT/ US01/ 32421 - 33
Clainms What is clained is: 1. A nethod for increasing rotational velocity
of a data storage disc in a disc drive, the nethod conprising steps of 5

(a) accel erat2.ng tAeneBddasddmnaden b 1 avh@eihithsthraborl retatibhalveloalie if 4 fmalan
initial rotational velocity to a first predeterm ned rotational velocity;
(b) Hccelostignpligladiiy caketiag sndragdaigingdheatir beugdn dhelEasieeatddenlyriteRVerses om

Vel oci 1 yioraha &y  BEVERE e vE ABRPL IR RER Y i8e8e 2t “The thresnol d
rotational velocity, noving a
3. A method as defined in claim 2, wherein the accelerating step (b) comprises steps
of:
20 (1) accelerating the data storage disc at the second acceleration rate from the first
predetermined rotational velocity to a second predetermined rotational velocity;
(i1) accelerating the data storage disc at one or more next acceleration rates from the
second predetermined rotational velocity to the threshold rotational velocity if the second

predetermined rotational velocity does not equal the threshold rotational velocity.

25
4. A method as defined in claim 2, wherein:
the accelerating step (a) comprises accelerating the data storage disc at the first
acceleration rate between an initial time corresponding to the initial rotational velocity and a first
predetermined time corresponding to the first predetermined rotational velocity; and |
30 the accelerating step (b) comprises accelerating the data storage disc at the second

acceleration rate between the first predetermined time and a threshold time corresponding to the

threshold rotational velocity.



10 transducer froma |landing zone to a data region on a surface of the data
storage disc, wherein the threshold rotational velocity creates and

mai nt ai nswamzarvdbeari ng bet ween the transducer and the ®OTfizoE33R1t he
disc. 2. Anethod as defined in claim11, wherein the threshold rotational
velocity is a final 15 rotational velocisy creating and maintaining the
air bearing as the transducer radially traverses across the disc between

an inner di ageter AQndihad 294dbBlieddh@MRhe) whireirtheRE @sp g%blﬁﬁﬂsd’sra stdpadfm 2,
wherein the accelerating step (b) conprises steps of: 20 (i) accelerating

t he data st odépiaciigsbe transdneerdensn e lawiied zonstat the thugsleold tiore t he fir st
predeterm ned rotational velocity to a second predeterm ned rotational
velocity; (ii) accelerating the data storage disc at one or nore next

accel erationgrat e fb@iddtb ecifRGANdwRERIEHS MRS H folkRhhoRA ity ALY kit
the threshold rotational velocity if the second predetennined rotational
vel oéi t yelbory creatingthaalr beleng dwths rahsducateaits thedbndied paietand a@desses thie datd hod
as defined in claim2, wherein: the accelerating step (a) conprises
accel er &t8'MYy the data storage disc at the first acceleration rate between
an initial tinme corresponding to the initial rotational velocity and a
first predetermned tine corresponding to the first predeterm ned
rotational véloci tiymethod aSdefilre iacteher fatthagostpepingte) steponfpr i ses

accel erating the data storage disc at .the second _acceleration rate hetween
the first prédet ePRiHaag dapdtoaaeHE A b a%élee%wpégtﬁgwamﬂﬁtmsw

t hreghol.g. & Lapal . v i . : 92 d - met hod
as o1 Aea e KRR e o e e i ™ et by e Mnuc T

di spl acilogteks lie ait vaesdiameter bf hidatastdrageddisg zone at the threshold tine. 6. A
met hod as defined in 1, wherein the threshold rotational velocity is an
early exit 5 velocity creating the air bearing as the transducer exits the
| andi ng zone¢and ac : ' . 7. A nethod as defined in claim
6 further coépris?%%ﬁgﬁg?%ggﬁ?gﬁ%3?“%?33@%?%%ing the data storage disc at a
third accel etigd dcosleratihg sfep @) dobpriséy Rséletating e dad Ablagddisc wethotikdty to a
final rotational velocity maintaining the air bearing as the transducer

| ocaf es 26¢slaaptiqn pater bedv evetndnitiol tigg sogesanding fadhe teifigkrotational velocity and a first

predetermined time corresponding to the first predetermined rotational velocity; and
the accelerating step (b) comprises accelerating the data storage disc at the second
acceleration rate between the first predetermined time and a threshold time corresponding to the

threshold rotational velocity.

20

9. A method as defined in claim 8, wherein the moving step (c) comprises a step of:

displacing the transducer from the landing zone at the threshold time.

10. A method as defined in claim 9, wherein the accelerating step (d) comprises a step
25  of

accelerating the data storage disc at the third acceleration rate between the threshold time

and a final predetermined time corresponding to the final rotational velocity.

11. A method as defined in claim 7, wherein the accelerating step (b) comprises steps
30  of:

@) accelerating the data storage disc at the second acceleration rate from the first

predetermined rotational velocity to a second predetermined rotational velocity;



8. A nethod as defined in claim7, wherein: the accelerating step (a)
conpri ses accelerating the data storage disc at the first 15 accel eration
rate bet\worm2amnitial tine corresponding to the initial PCottzni/zazal
velocity and a first predetermined time corresponding to the first
predeterm ned rotational velocity; and tfie accelerating step (b) conprises
accelerating the data storage disc at the second acceleration rate between
the first pregetenmngsild M idA%iRaddHi&SN O of itk £ BESRABINTGel Grobie
threshold rotational velocity. 20 90 A nethod as defined in claimS8,

wher ei n stdvad poadetegmated potiatipnat walpority wstha tistshpldafotatiodalspladty nftht kecondansducer
fromthe | anding zone at the threshold tinme, 10. A nethod as defined in
cl ai m 9 Pregetermingd ppfational vplopity dogg net %‘i}lai@)et%;}ﬂl‘ii Ltatiopaly|lpeityss of -
accelerating the data storage disc at the third accel eration rate between
the threshold time and a final predetermned tine corresponding to the
finak rotatidnal wehethodys dd¢flnedAnrkiifdwhsreitefhicnecklérating step(dj combpereistepshe
accelerating step (b) conprises steps 30 of. (i) accelerating the data
storageoéisc at the second acceleration rate fromthe first predeterm ned

021 077962 PCH usofraidtahe FEANL L RERHE LRl O R RRR AR A e iy

one or nehEomextloditLRl Lycabhdpreldt@snéd @mtiohsl vesaignd predet er m ned
rotational velocity to the threshold rotational velocity if the second

pr edet er ni nedii} ot at¢ederaling/&F dalatsioragsedisqritone guEiore Rkt pefickasinnd ates fi9m Bgal
lqcity. 5 12. A nethod def | in-clai in.: i
LB St onstES ARSI S L SR o IS AR ARRRL AL DO,

third accel erati oRedoati@rédeimnidee rbfatigsd otdcity BbaatiodB@lal iRl theklkiold tdtagormecond
predeterm ned rotational velocity; (ii) accelerating the data storage di sc

at one or nore newxelogt¥el eration rates fromthe 10 second predeterni ned
rotational velocity to the final rotational velocity if the second
predeterm ned rotational velocity does not equal the threshold rotational

velocity. 13.13A Progicdfans biefa8acHey agail€BfabbRphttr fyseaRuE®ly SHSIBMg a
tangi bl y enbodyi ng a
15 program of instructions executable by the computer system to perform a method for increasing
rotational velocity of a data storage disc in a disc drive, the method comprising steps of:
(a) accelerating the data storage disc at a first acceleration rate from an initial
rotational velocity to a first predetermined rotational velocity;
(b) accelerating the data storage disc at a second acceleration rate from the first
20  predetermined rotational velocity to a threshold rotational velocity; and
(c) as the data storage disc rotates at the threshold rotational velocity, moving a
transducer from a landing zone to a data region on a surface of the data storage disc, wherein the

threshold rotational velocity creates and maintains an air bearing between the transducer and the

surface of the disc.

25
14. A program storage device as defined in claim 13, wherein the threshold rotational
velocity is a final rotational velocity creating and maintaining the air bearing as the transducer
radially traverses across the disc between an inner diameter and an outer diameter.
30 15. A program storage device as defined in claim 14, wherein the accelerating step (b)

of the method comprises steps of:
@) accelerating the data storage disc at the second acceleration rate from the first

predetermined rotational velocity to a second predetermined rotational velocity;



15 program of instructions executable by the conputer systemto performa
met hod for increasing rotational velocity of a data storage disc in a disc
drive, theomeohoe conprising steps of: (a) accel erating t RETABVHIBRDr age
disc at a first acceleration rate froman initial rotational velocity to a
first predeterm ned rotational velocity;;4b) accelerating the data storage
disc at a second acceleration rate fromthe first 20 predeterm ned

rotational vejpci TaUceﬁé?at?nth’BE %ﬁﬁaqkdia eqﬁ@é 4t QRgbr Mﬁ)k@ﬁé}& Yeceldttidnthted FrohP@edat a
storage disc rotates at t hresh o rotational velocity, noving a

t r ansducerontl rpmdleanhmd iroigti g eelbmt)atodhe &chshglctmtafomnal windityctthefedond dat a

storage dis rein the thr shold ro ion el ocit reates and
mai nt ai ﬁ§ed§Wn§F¥egl§%té??% VBIQP’J\)é PPStREbeqyR Lﬁ@ g"r"l‘gmfatﬂq{’é}/véa‘?lfyace of the

disc. 25 14. A program storage device as defined in claim 13, wherein the
threshold rotational velocity is a final rotational velocity creating and
mai nsai ni ng tilbe aiA plogeani sigrags dehiee by dafsdd dreclainn a4l valhdryint raverses acr oss

t he di sc between an i.nner (2| aneter and an outer_ dianeter, g'n%tA pr ogram

storage devi & %sclgefings@r iR mprisesecelgrbpgihe qait?eSt%"‘&%fiQPéf ﬁhﬁ tep (b)
of the meihod Or%rﬂeﬁgéen%ﬁﬂﬁ Pline! chrr@%;l Rk 3 ’cH%gmttlQPro. alss;e%d?tg%ng laSfrstat

t he SGCOI’](? acceleration rate rom t rst eterm ned rotational

vel oci t yrddeteemBea gintt qoiregsireiny toehk fitt pltedetnﬂinnv@mﬂxidrml vaMRif2 A0F 7992
PCT/ US01/ 32421 -36 (ii) accelerating the data storage disc at one or nore
next accel er &9 asaclemtiag step G CEOW@HS%%C&ﬁ]&T%Wé&]& aptaege discat thesasondel oci ty

R A e LR S S Y

A progr mmﬁ@mo@@w&@n@s def| ned in claim1l4, wherein: the accelerating
step (a) conprises accelerating the data storage disc at the first
acceleration rate between an initial time corresponding to the initial

rotational ocity and a first r edet

[rrot oredet arm ndtpRtt ol dsuPb i S ed it el B iRt aP R Huddh e 4
conpri sege A6HeH 86 abliad aldi skat a storage disc at the second 10 accel eration
rate between the first predetermned tine and a threshold tine

cor riéspondi nglisptrcitgshe transdobeyi ftbm dtedandingzongait dis thyeshald tinge. pr ogr am st or age
device as defined in claim 16, wherein the noving step (c) of the nethod
conprises a step of:

18. A program storage device as defined in claim 13, wherein the threshold rotational
velocity is an early exit velocity creating the air bearing as the transducer exits the landing zone
and accesses the data region.

20

19. A program storage device as defined in claim 18, wherein the method further
comprises a step of:

(d) accelerating the data storage disc at a third acceleration rate from the threshold
rotational velocity to a final rotational velocity maintaining the air bearing as the transducer

25 locates to an outer diameter of the data storage disc.

20. A program storage device as defined in claim 19, wherein:
the accelerating step (a) comprises accelerating the data storage disc at the first
acceleration rate between an initial time corresponding to the initial rotational velocity and a first
30  predetermined time corresponding to the first predetermined rotational velocity; and
the accelerating step (b) comprises accelerating the data storage disc at the second
acceleration rate between the first predetermined time and a threshold time corresponding to the

threshold rotational velocity.



15 displ acing the transducer fromthe | anding zone at the threshold tine.
18. A program storage device as defined in claim13, wherein the threshold
rotati onaWoo@teity is an early exit velocity creating tR€TaiSo1/Bpari ng as
t he transducer exits the | anding zone and accesses the data region. 20 19.
A program storage device as defined in c¢J;aim18, wherein the nethod further
conprises a step of: (d) accelerating the data storage disc at a third
acceleration rate.-fromthe threshold rotational velocity to a final
rotational velocity nmaintaining the air bearing as the transducer 25

| ocates to aBlout & pugamesteragefletibeasidafimed iroelaige2diveereig @he opinggieare) of
storage device as defined in claim19, wherein: the accelerating step (a)
conpri s&% BERed ePTaPIF 25HR Q?éta storage disc at the first acceleration

rate between d?sB%aiicir?fgtth@ rafddBer SR GRAANG S EbrieQt GhieBAdIH &ind Ot at i onal

{
vel ocity and a t 30 predetermned tine corresponding to the first
predeterm ned rotational velocity;, and the accelerating step (b) conprises

accelerating the data storage disc at the second_ . accel.eration rate betyween
the first prédet e%rﬂi’rﬁéﬁm PiRESa AEVige eweéélﬁ%rraclﬁmh%h&mqr@gm%mpag iR (@)

t hr eshol I tbye WO 02/ 077992 PCT/ US01/ 32421 -37 21. A
programogE}%?}é%é&ggc\%%r‘é&gg%%gﬂfhed in claim20, wherein the noving step (c)

of the nethaeketodifiry thedaa selrgge difc at dhesthiraatceferhtien tatecsetaaethe thresoideme
| andi ng zone at the threshold tine. 5 22. A program storage device as
def i ned antha épal prpdeternyiped Wing corespardiag o e final 1otadgnpldielocyy. t he net hod
co Pises a step of: accelerating the data storage disc at the third
acceleration rate between the threshold time and a final predeterm ned

time correspepdi ng\ prdgidaestbiagakieviod & dedimad ivelhiac i 4,ywhel€éln 2% acAelpradigg aiep (b)
storage device as defined in claim14, wherein the accelerating step (b)
of the mbthssactbeshpmmrrésss sieepel of (i) accelerating the data storage disc at

t he second a eIerat'o.ratEhefro the.fir eqdet r ti
Vel oot Ty to W secnaraEbE kb AR G ShacBh B e hioR et ot RN
predetermined rotational velocity to a second predetermined rotational velocity;
15 (ii) accelerating the data storage disc at one or more next acceleration rates from the
second predetermined rotational velocity to the threshold rotational velocity if the second

predetermined rotational velocity does not equal the threshold rotational velocity.

24, A program storage device as defined in claim 14, wherein the accelerating step (d)
20  of the method comprises steps of:
(1) accelerating the data storage disc at the third acceleration rate from the threshold
rotational velocity to a second predetermined rotational velocity; ’
(i1) accelerating the data storage disc at one or more next acceleration rates from the
second predetermined rotational velocity to the final rotational velocity if the second

25 predetermined rotational velocity does not equal the threshold rotational velocity.

25. A disc drive having a data storage disc rotably mounted to a base plate and
operable to spin at a rotational velocity and an actuator arm mounted on the base plate adjacent
30 the disc, the disc drive comprising:
a transducer attached to the actuator arm and parked on a landing zone on a surface of the
disc, the transducer being operable to move over the surface of the disc as the disc reaches a

threshold rotational velocity; and



15 (ii) accelerating the data storage disc at one or nore next acceleration
rates fromthe second predeterm ned rotational velocity to the threshold
rotati onawowelogwpry if the second predeterm ned rotati onRCTIES0DRI4LY does
not equal the threshold rotational velocity. 24. A program storage device
as defined in claim 14, wherein the accedgerating step (d) 20 of the nethod
conprises steps of (i) accelerating the data storage disc at the third
accel er at i onnfeahefor hodeldriting the @staclotlagerdidcadt inaitiple vededgbtion tates &oseaointhial
predet erm ned rotational velocity; (i) accelerating the data storage disc
at one &tatpnabvelesty tedbethapshpidgaiaigndyelordyn t he second predet er mi ned
rotational velocity to the final rotational velocity if the second 25
predeterm ned rotational velocity does not equal the threshold rotational
velocity. 2526A diasd@iseldtiveeasivinedireclaial 26 Alrbepgenstisige:r ot ably nounted to a
base plate and operable to spin at a rotational velocity and an actuator
arm frount ed BIFARHET Feyengiha tiansdrerdeon thedanding zeficde 2 dararegion endhg disc at the
conprishgg: ﬁi&ﬁaﬁﬁ uga&jﬁttached to the actuator arm and parked on a

| andi ng "Z %@ on & o8t ¥acd”of the disc, the transducer bei ng operable to
nove over the surface of the disc as the disc reaches a threshold
rotational velocity; and WO 02/077992 PCT/US01/32421 -38 neans for

accel erating2fhe dadisc dtivy asgiefided i dainmifl, whetein thedbteshadd raational velogikoihaan
initial . rotational. velocity to . the threshold rotational  velocity. . A

i sc. ar FaREGEH i Al R BAPTRER B ReRTi 1 ooe e TbY g
the 1§ r aBg@eRT td A 48e aRduag rZ(ﬁﬁle frefsed adrdsd 186 ARB befvdeh 8n tiRE dRnetdie
threshold rotational velocity. 27. disc drive as defined in claim 26,

wher ei nathen piteedinmewrr ot ati onal velocity is a final rotational velocity
creating and nmaintaining an air bearing between the transducer and the 10
surface of the disc as the transducer radially traverses across the disc
bet ween an i pper dq : - AR LSG ' aS;
defined in c ginlgﬁgg@ g?%?ﬁﬂﬁﬁgygﬁﬁégﬁgﬂd rQtﬁ??&%%ﬁ“@%?%??¥51?ﬁggﬁﬂsggr|y
exit vekaty ¢xit vileatyi oneptiag aaiair Heerdng gwbet tve émanddueert andrisdsioéice afithetdive as the

surface of the disc as t.he 15 transducer exits the |anding zone and
accédselapglycesxys thedpyHng zone and accesses the data region.



