-1- RAVMP UNLOAD IN DI SC DRIVES FIELD OF THE | NVENTI ON 5 The present
invention relates generally to data storage devices, and nore particularly
to met hods and apparatus for ranmp unload in such devices. BACKGROUND OF THE
| NVENTI ON 10 Di sc drives are anpong the nost wi dely used nmeans for storing
massi ve anount of data, and nust therefore be very reliable. Recently,
disc drives are increasingly found inlhand-held or portable electronic

devi ces such as audi o- visual nedia players and recorders. Since the

majority of these devices gr mt [V myr%e)re is now al so a need

for disc drives to operat eﬂﬁi‘ﬁ'f% "néﬁém)ﬁ nsunption. A disc drive

typically i ncl udes one or nore di scs nounted on a spindle notor, as well
more sets of read/wite heads configured for witing data to or

readl ng d:dEbDfQErIHEIéNMEwg NThe read/wite heads may be coupled to an 20

actuator arm assenbly and noved thereby to read data fromor wite data to
various areas or tracks of the discs. Wile the read/wite heads are
configured to Tifd pl”esemtah’lvehﬁomme!’ah&segelﬁerally todata styrafjes devines, arknairec

drive is deS|r to kee e25r ad/wite heads away
fromthe dﬁ%&ﬁgwa@gtm a'%%%P%%rax}éS '& ragp qrﬁo%tﬁ@rsdt{qh PVICefhis is to avoid
i nadvertent contact between these conponents, as they may result in danage
to the di car [ a. For this and other reasons, a disc
drive naﬁé?%‘bgﬁp &I—ﬂt@&lﬁl&ﬂﬂ%ﬁ he read/ wite heads to a ranp
positioned next to the disc. In an unloaded state, at |east part of the

actuator arm 30 bearing the read/ wite heads will be engaged by the ranp,
wi t h1Q he r ead/Dif¢ tsiven cigisarnovg dhe gnoalviddly ased Haedns dor Bioring massivear y

unl oadi ng, ARGHALH @hka, &Y MARE{NLbIdte 1RPYENAFSTiaBRY RecBnfly, disc drives are

increasingly found in hand-held or portable electronic devices such as audio-

visual media players and recorders. Since the majority of these devices are

battery-operated, there is now also a need for disc drives to operate with minimal
i5 power consumption.

A disc drive typically includes one or more discs mounted on a spindle
motor, as well one or more sets of read/write heads configured for writing data to-
or reading data from the discs. The read/write heads may be coupled to an

20 actuator arm assembly and moved thereby to read data from or write data to
various areas or tracks of the discs.

While the read/write heads are configured to “fly” over the surface of a

rotating disc when the disc drive is in operation, it is desirable to keep the

25 read/write heads away from the disc surface when the drive is not in operation.

This is to avoid inadvertent contact between these components, as they may

result in damage to the disc and the corruption of data. For this and other

reasons, a disc drive may at certain times “unload” the read/write heads to a ramp

positioned next to the disc. In an unloaded state, at least part of the actuator arm

30  bearing the read/write heads will be engaged by the ramp, with the read/write
heads suspended away from the disc.

In an exempEary unloading operation, the read/write heads are moved in a




direction opposite to a retract direction until the actuator armis brought
to rest by collision wth an inner stopper. The actuator armis then
driven by a constant voltage to nove in the retract direction, all the way
fromthe inner stopper, up the ranp, and to the rest position on the ranp.
5 Wiile this may be feasible for sone types of disc drives, there remains a
need for solutions that will be nore ef4icient and | ess demandi ng on the
limted power resources of disc drives intended for use with portable

o this. dEECUPRAIPRISIS TS A otise A uea et Wl th asFse BEhiS PRUSNED M hod
bel ow.  SUWRIDN GHithT b ihAMEMBLBR. %é%&@é&?ﬁﬁ@iiggh%ﬁ%rﬂéﬁw‘é ¢dhseapt on

provi de met hods of performng ranp unloa rives and di i ves
conf i gur e¥plagegermeyenins thenratigch diections adrtbie vayt Boentbednnemstepper, tupethgr esent

I nventio r V] s including holding read/wite
heads at r}’grq;é]’%l{n?itgltﬁ%gégtq%ﬁ%e%gltﬂg%ﬁng themtowards a ranp di sposed

adj acgént to the disc to reach a target velocity at the ranp. Optionally,
t he met hods L.nglude bringing the read/ wite_heads.to ,an initial

posi 1 on that WOIP3RiE 5y e Bablhie foprae, Waes ot S Ve d36reTREnaieR aren
of the raggHdvidrt SoltieRHAStHR Wil DeChRre EffdibReshd Yot gelahaing h ke hikiear
velocity 25 profile or a substantially constant voltage acCross the notor

cont r ol | i RRYVeMEsorEses i sliscfrivasdniangdgovier tee ndthdeortalle sopswuptelgclipeic

appar at usy&spedd gured to perform nethods according to enbodi ments of the
present invention. Various advantages which characterize enbodi nents of the
presédt 30 invention will be apparent upon reading of the follow ng

detail ed descrﬂ% 'p%s&ﬂdinv%ﬁﬁbg%r% i efs tahgolﬁﬁgr? Ct'oa%he:gI éjrgaa Vgtﬂgrs problems

besides offering other benefits, as described below.

SUMMARY OF THE INVENTION.
15
Embodiments of the present invention provide methods of performing ramp
unload in disc drives and disc drives configured o perform such methods.

According to embodiments of the present invention, there are provided

20 methods including holding read/write heads at an initial position before moving
them towards a ramp disposed adjacent to the disc to reach a target velocity at

the ramp. Optionally, the methods may include bringing the read/write heads to

an initial position that is located at a recordable region of the disc. The movement

of the read/write heads may be characterized by a substantially linear velocity

25 profile or a substantially constant voltage across the motor controlling the
movement of the read/write heads. Also provided are apparatus configured to

perform methods according to embodiments of the present invention.

Various advantages which characterize embodiments of the present
30 invention will be apparent upon reading of the following detailed description and
reviewing of the associated drawings.




-3 BRIEF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic top view of a
disc drive for illustrating enbodi nents of the present invention; 5 Fig. 2
is an enlarged partial sectional viewof Fig. 1; Fig. 3 is a schematic top
view of a disc drive showi ng an unl oad operation according to enbodi nents
of the present invention; 10 Fig. 4 is an enlarged partial sectional view
of Fig. 3; Fig. 5is a schematic top videw of a disc drive for illustrating
anot her aspect of unload operations according to enbodi nents of the

present i L% i ' I d partial sectional view of Fig.
5; Fig. ﬁ#&%%%‘%ﬁ’tﬁc&gﬁﬁéﬁmww illustrating velocity profiles;
20 Fig. 8 is a flowhart showi ng a nethod according to enbodi nents of the
present invention. DETAILED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 25 For
clarity, enbodrifrehisaschematipier vigw pha eliga divedor illustratieg emhssimeantstof

referenc i i ye having one disc and one set of read/wite heads
t hat aree[htseg)pg%%%tzlgv‘%@ogh actuator arm Nevertheless, it wll be understood

t hat 5enbodi nents of the present invention nay be applied in various types
of disc driv uch as, disc¢ drives with varyj unbers and arrangenents
of discs and g’%gr251%?%“!%9%@85‘53\{&?8‘."?“ Y ﬁ%a'[g%t He fol | owi ng description
is provided solely for the purpose of illustration and is not intended to
be limting. Shown in Fig. 1 is a _disc drive 100 configured to performranp

unl oad -4 operfd®i 818 S EENRAtIKgoBNHRWI Atehtlisc siriverrhouieg antuniead APRERIONThe
di sc drivgching to embodiments of the present invention;
10

Fig. 4 is an enlarged partial sectional view of Fig. 3;

Fig. 5 is a schematic top view of a disc drive for illustrating another aspect
of unload operations according to embodiments of the present invention;
15

Fig. 6 is an enlarged partial sectional view of Fig. 5;
Fig. 7 is a velocity-position chart for illustrating velocity profiles;

20 Fig. 8 is a flowchart showing a method according to embodiments of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

25 For clarity, embodiments of the present invention will be described with
reference to a disc drive having one disc and one set of read/write heads that are
supported by an actuator arm. Nevertheless, it will be understood that
embodiments of the present invention may be applied in various types of disc
drives, such as disc drives with varying numbers and arrangements of discs and

30 read/write heads, etc., and that the following description is provided solely for the
purpose of illustration and is not intended to be limiting.

Shown in Fig. 1 is a disc drive 100 configured to perform ramp unload




I ncludes a disc 110, an actuator arm assenbly 120 having an actuator arm

121, read/wite heads 130 supported by the actuator arm 121, and a ranp

140 disposed adjacent to an outer perinmeter 116 of disc 110. For

conveni ence, the 5 recordable area of a disc may be described as consisting

of three regions: an inner region nearest to the inner perineter 114

("I D') of an annular disc, an outer région nearest to the outer perinmeter

116 ("OD') of the sane, and a mddle region ("M') therebetween. As these
correlate to or_pe defined

are terns_of convenie t hey. may naqt an
parti cul aqpeirﬁg%'ksvéff?é? nga?mapﬁmﬁtérif the Rreggrtdnvention, Ihe (isq deye (1 8%60
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operable by a notor, in this exanple, a voicCe coil Tt or@é
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I nteraction e noving urre e col et 152
produtes reconiablé arez oftshdisccaayebe iesadbedtasr cansistihglof mreﬁrrag@lneuan a

pi vot 124, and thereb the read/ w.it 30 to |fferent areas or
t racks Oflha?rs@gﬂrbneg&sggq ﬁ}e N PEIMELST ﬁ{'ﬁﬂ@ ‘éfcﬂ‘?ea@@%ﬂﬁ gdisCaAn Qk'ieernm on
or tang rkgfon hedrebstosthitcitdyp&iimbics ured: ©B”)ecﬁi§tﬂ@%ah?é%nﬁ4&nﬁ§dlbhé i@t uat or
arm 121 noves towards the outer edge 116. Ranp 140 may be shaped SO

that it (ZnMﬂJhté@rﬁb%tM@snngA%theﬁgcﬁeﬁ@ans &f cgovwe@ceﬁthe%maﬁ Ret cotelateo
(52 1) o, 9BCRTPRY B Hhy! 988 beck, S5 difitpsthangl el R dee o

126 from novi ng rrve is

oper & i oMS%lmlcfoareferrtr@rgmtﬁralﬂsetowatrtsao’ethmbs@bet ween. The end of the

sl oping surface nearest to the disc surface will be referred to in this
docunent as a first end 142. A flexible printed circuit cable 160 operably
connects VCM 1A€tuatodt ar@ihssemﬂlym R0ds bpétﬁ)léBQ atmoﬂ)rpilhi thiseskaghsle Ua voleear d

Zﬁfﬂe%yc Rl 150 i (g 2 6o 24 coppieonBe Hhteatar gk §hd 870,
The vari auagRes 53 | VRVIEHRPNRIKage "Ry difplied to the VCM 150, the resultant
15 electromagnetic interactions between the moving current in the coil 122 and the
magnet 152 produces torque forces that cause the actuator arm 121 to turn about
a pivot 124, and thereby move the read/write heads 130 to different areas or
tracks of disc 110. Actuator arm 121 may include some form of an extension or
tang 126 that is suitably configured to engage ramp 140 as the actuator arm 121
20  moves towards the outer edge 116.

Ramp 140 may be shaped so that it includes a sloping surface near a
surface of the disc 110 (to facilitate engagement with tang 126), a detent 144
shaped to keep the tang 126 from moving off the ramp 140 when the disc drive is
25  not in operation, and an intermediate surface therebetween. The end of the
sloping surface nearest to the disc surface will be referred to in this document as

a first end 142. |

A flexible printed circuit cable 160 operably connects VCM 150 and

30  read/write heads 130 to a printed circuit board assembly (PCBA) 180. PCBA 180
is mounted to a housing of disc drive 100, and may communicate with printed
circuit cable 160 via a connector 170. The various disc drive components may be
controlled by one or more controller devices that form part of PCBA 180.. For the




controll ed by one or nore controller devices that formpart of PCBA 180.

For the -5 purpose of convenience, reference to a controller 190 wll be
understood to collectively nmean any nunber of devices, for exanple, as
shown in Figs. 1, 3 and 5, configured to performsuch functions as will be
described. In other words, controller 190 may be in the formof one or
nmore devices or integrated circuit 5 -chips. In an unl oad operation
according to one enbodinent of the present invention, VCM 150 causes
actuator arm 121

nove from wherever it at, tinme to ck 112,
Wb ch o 1 UTR5% o PoiPriedes b ROER onaccdaralfer; 194 il b9 geerdasd 15
Read/ wr i tevlleeadsly hdhraagy hhmbeablf@\é@i@efsﬁforfe&hhmné dd1éndvit il Rigst nagkndl2. A
10 track-fol |l owi ng operation may invol ve readi ng and proce55| ng servo
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VCM 150 may then nove tuato arm 121 appropria

read/ fw i téhipgads 130 al i gned W|th the desired track. Next, current
associated wwth a first voltage profile is fed to drive the VCM 15 150,
causing the actuator arm 121 to nove fromthe initial track 112 towards the

ranp 140 in a ihethaghioddr epéition HBtdrdirdheo t iy SBodint@est the dressht end
142. Current ass\?@h@t ed wth the first voltage profile or another voltage
t

profile rByentiqsy 196 caupge ackatpragn 1t 0 oneva fremswhsrensr dtimescal,
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read/ wite heads can broug into a state rest
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track. Next, current associated with a first voltage profile is fed to drive the VCM
15 150, causing the actuator arm 121 to move from the initial track 112 towards the

ramp 140 in a retract direction, until the tang 126 engages the first end 142,

Current associated with the first voltage profile or another voltage profile may

continue to drive the tang 126 along the sloping surface, along the intermediate

surface, and to the detent 144. Thus, the read/write heads 130 can be brought
20  into a state of rest parked away from disc 110.

According to another embodiment of the present invention, the disc drive in
operation determines the position of the actuator arm 121 at the time where it is
desired to initiate an unload operation. The required current is fed to the VCM

25 150 so that the actuator arm 121 stops moving. From the servo information read
from the disc, the disc drive determines the distance of this initial position of the
read/write heads 130 with respect to the first end 142. Thus, the controller is able
to determine the required velocity profile under which the actuator arm 121 may
travel so that upon reaching the first end 142, the actuator arm 121 will be at a

30 target velocity that is within a desired range of velocity values. The desired range
of target velocity values may be determined by the momentum required to

overcome frictional forces posed by the ramp to the tang.




to determine the required velocity profile under which the actuator arm 121
may travel so that upon reaching the first end 142, the actuator arm 121
will be at a 30 target velocity that is within a desired range of velocity
val ues. The desired range of target velocity values may be determ ned by
the nonentumrequired to overcone frictional forces posed by the ranp to
the tang. -6 In other enbodiments, actiator arm 121 is allowed a period of
time to settle upon reaching the initial position and thereby dissipate
operational vibrations before beginning its novenent towards the ranp 140.
5 According to sone enbodi nents, upon engagenent of the tang 126 by the

ramp 140, the |achialr @mbBédimbdts,i Sctbioredinbyi2a ResRted @ baasd Rifofirhk et hat
is independent of the first velocity profile. 10 In alternative

embodi ment&itief upprr taasbig thay éWialorositioni epddithereby sdissipate geperational
f i fi R d/write head
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MD 115 of lontng read/wite t dtrack 112 in the
MD 1315 provi des advantages over positioning the read/ wite heads 130 at

ot her |ocatiops becayse the seek. tine to an MD posifion i.s 0 e average
chorter. 15 HANCETSPRIS SaaaTBREIe NS, RaR SpEsadREntoEheiBnd N2him B
period ofrahipTelA0s ahé ngctuonedrc aRs URPIEh &y deidcofd wilellel pfidiehsti BC
drive to ,rgsgol{lfge nor_e qk_u ckIP/ to an energency event that nmay favor a quick
shut - dowriNggPenientiol thejfisf yelocl PEfBRct of these advantages is further
explained in the following. 20 Preferably, the disc is kept spinning all
the while when the read/ wite heads are not parked so as to ensure that the
readlrit e hedtsaligWativeaembodiaenisedf fthempredent dingentiom ahdiscr ddvei isnal |y

of the di SRTEGIAE R e nafifo S sibi By MEE R e B8l dsion < o
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locations because the seek time to an MD position is on the average shorter.
15 Hence, the unload operation can be completed in a shorter period of time, saving
power consumption as well as enabling the disc drive to respond more quickly to

an emergency event that may favor a quick shut-down of the disc drive.

One aspect of these advantages is further explained in the following.

20  Preferably, the disc is kept spinning all the while when the read/write heads are

not parked so as to ensure that the read/write heads 130 remain separated from

the disc. In the traditionally larger disc drives, should the disc drive suddenly lose

power, the inertia of the disc and motor assembly (disc stack assembly) may be

relied upon to keep the disc spinning for a sufficient period of time until the

25  read/write heads have been moved safely out of the recordable region of the disc.

In disc drives that are intended for consumer applications, the inertia of the disc

stack assembly is often able to keep the disc spinning only for a significantly

shorter period of time. As described, embodiments of the present invention

provide a much needed benefit of enabling unload operations to be completed

30  more quickly. Advantageously, the embodiments are applicable whether or not
the disc drive has experienced sudden power loss.

When read/write heads 130 are positioned over an initial track 112 of disc




In disc drives that are intended for consuner applications, the inertia of
the disc stack assenbly is often able to keep the disc spinning only for a
significantly shorter period of time. As described, enbodi nents of the
present invention provide a nuch needed benefit of enabling unload
operations to be conpleted 30 nore quickly. Advantageously, the enbodi nents
are applicable whether or not the disc drive has experienced sudden power
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the servo information. From previous measurements or from calculations, the
15 momentum required of the actuator arm to successfully mount up the ramp and
complete the unload operation can be determined. In other words, a target
velocity value to be reached by the actuator arm at the first end 142 of the ramp
140 can be known. For convenience, the first end 142 of the ramp 140 is referred
to as a first position 142. Using a suitably configured controller 190, a first voltage
20  profile Vevr is applied to the motor 150 controlling the movement of the actuator
~arm 121 so that the motor 150 provides a first torque t1 and thereby causes the
actuator arm 121 to move from an initial velocity at the initial position to a target

velocity at the first position 142, This process is further illustrated by the following
equations.

25
~ The applied voltage Vcvr may be defined as:

Vewr = lvem x Rvem equation (1)

where Rvcm denotes the resistance of VCM 150 and /lvem denotes the
30 electrical current fed to VCM 150,

When fed with an electrical current fvem, VCM 150 generates the first




arm 121 so that the notor 150 provides a first torque tit and thereby
causes the actuator arm 121 to nove froman initial velocity at the
initial position to a target velocity at the first position 142. This
process is further illustrated by the followi ng equations. 25 The applied
vol tage Vcvr may be defined as: Vcvr = lvem x Rvcm equation (1) where Rvcm
denotes the resistance of VCM 150 and 718tm denotes the 30 el ectri cal
current fed to VCM 150. When fed with an electrical current Ivem VCM 150
generates the firsf -8- torque it which nay be represented by the foll ow ng
equat i on: tofque=ty WE'EP)%“RYE@ rapresepigd vaeef@maw&m%ﬂ%ere Kt denotes the
torque constant of VCM 150, Accel cvr denotes the 5 angular accel eration of
actuator arm assenbly 120, and J denotes the nonent of inertia of actuator
arm assenbl y 1d0= Wthex #igullecelgec el eration Accel cvr of act uadquatienf2ll21 may
al so be expressed according to the follow ng equation: W z 2 10 Accel C
= 'age - w = co Let 20nvel 2Biravel equation (3) where charger is the

angul ar vel ociwer@f KReleHaled! thef Brddd coR8fant A 9/3RIB150 SAENSS, tibhslesoRd 142
of ranp 140. Tri bol ogical conditions between ranp 140 and "tang 126 nay

. g
det er ¥ neangiaipmcsinration of acyetoranmbasismblyngd. wndhi dengies the momert ofci t y
of the t r ef tal reading the first end 142. a is the 15
initial gﬂgﬁﬁaﬁﬁﬁér?ﬁ%(#%@}bﬁg?@' arm 121 relative to ranp 140 when
read/wite heads 130 are positioned over the initial track 112 of disc
110. Otravet "Fhé haengular acceleration Accel,, of actuator arm 121 may also be

expressed according to the following equation:

a) —
10 Accel,, = Y: = equation (3)

where wager is the angular velocity of actuator arm 121 when tang 126
reaches first end 142 of ramp 140. Tribological conditions between ramp 140 and
tang 126 may determine an appropriate target velocity range within which the
velocity of the tang preferably attains upon reading the first end 142. ay is the

15 initial angular velocity of actuator arm 121 relative to ramp 140 when read/write
heads 130 are positioned over the initial track 112 of disc 110. Gyave is the
angular displacement (in radians) of actuator arm 121 between an initial position
(shown in Figs. 1 and 2) and a first position when tang 126 reaches first end 142
of ramp 140 (shown in Figs. 3 and 4).

20 When read/write heads 130 are positioned over an initial track 112,
actuator arm 121 may be considered stationary relative to ramp 140.
Alternatively, the initial angular velocity ay of the actuator arm 121 is brought to at
least one order of magnitude less than the target angular velocity ararger . The
angular velocity of actuator arm 121 at the point when tang 126 reaches the first

25  end 142 of the ramp 140 is referred to as the target angular velocity. In this
example, it is desirable for the initial angular velocity to be negligible when

compared to.the target angular velocity (@ << arger.). For calculation purposes,




angul ar di spl acenent (in radians) of actuator arm 121 between an initi al
position (shown in Figs. 1 and 2) and a first position when tang 126
reaches first end 142 of ranmp 140 (shown in Figs. 3 and 4). 20 Wen
read/ wite heads 130 are positioned over an initial track 112, actuator
arm 121 may be considered stationary relative to ranp 140. Alternatively,
the initial angular velocity co of the %actuator arm 121 is brought to at

| east one order of rragni tude |l ess than the target angular velocity Gharget

. The ul ar veI of a tor 21 at the 0|n en tang
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negligible that is, set as zero. Further, since both Otarget and travel
are known; q"ﬁé ,»,, can be obtained according to equations (2) and (3).
Accor di ngI Y, the appl i ed voltage Mcvr can be determ ned by the follow ng
equation: 2 target Jx5V= Acc,élﬁ, JX J x JJ = Ldtravet x R equation (4)

cvr “Hemvenr K K Akeels, By q‘{v)pl_yflﬂgie[a st voltage profil e eqationds} ed by
Vevrto the VCM<t50, ty{g et vem

t

By applying a first voltage profile represented by Vevr to the VCM 150, the
read/write heads 130 are moved from the initial track 112 towards a first track
represented by the first end 142 of ramp 140.

10
The corresponding time period £, to apply the voltage to VCM 150 can be
determined from equation (5):
a) 14y .
Lor =ﬁ equation. (5)
15
According to equation (2), the angular acceleration of actuator arm 121,
Accel,,, can be expressed as:
Kt
Accel,, = X Ivem equation (6)
20

Deriving from equations (1), {(5) and (6), t.,, can now be determined by the
following equation:

equation (7)

25




read/ wite heads 130 are noved fromthe initial track 112 towards a first
track represented by the first end 142 of ranp 140. 10 The correspondi ng
time period tcvr to apply the voltage to VCM 150 can be determ ned from
equation (5): target ACCelerr 15 equation. (5) According to equation (2),
t he angul ar accel eration of actuator arm 121, Accele"r, can be expressed
as: Accel, r = Jt X Ivem 20 equation ¢69-Deriving fromequations (1), (5)
and (6), tcvr can now be determi ned by the follow ng equation: CV wtarget
Xx Rvcm _ B Kt X V Vevr J cvr equation (7) 25 -10 B= Warget x Rvcm where
Kt denotes a retract t¥meechbfistant. J Since the angul ar velocity target,

resistance Rvogméle VOM toKfUE CERAbLAY a retract time constant.
' J

Since the angular velocity ayager, resistance Rvem of VCM, torque constant

Kt of VCM 150 and moment of inertia J of actuator arm assembly 120 are known

5 parameters, the retract time constant B and time period ., can be determined

accordingly. Further, as the mechanical variation of J and Kt can be very small, a

relatively consistent target velocity may be achieved by implementing
embodiments of the present invention.

10 Optionally, after the time period ft., lapses, Vevr may be removed.
Actuator arm 121 rotates with respect to pivot 124 at the target angular velocity
ararget When tang 126 reaches first end 142 of ramp 140, as shown in Figs. 3 and
4. A second voltage profile, Veimsg, may be applied to VCM 150 to further drive
actuator arm 121, and cause tang 126 to climb up ramp 140, that is, to move

15 beyond first end 142 and towards the detent. Determination of the second voltage
profile Veimsg and a second torque 12 may take into consideration friction between
tang 126 and ramp 140.

Derived according to equations (1) and (2), the relationship between the

20 second torque 12 and frictional forces can be expressed as follows:
12 = Kt x Veimpg / Rvem = FrictionalForce(t) x d equation (8)

Vermpe =( Rvem x FrictionalForce(t) x d) / Kt equation (9)
25
where Kt denotes the torque constant VCM 150, Rvem denotes the
resistance of VCM 150 and d denotes the distance from the first end to the pivot
124.

30 Since Rvemn, Kt and d are known, and FrictionalForce(t) can be determined




Kt of VCM 150 and nonent of inertia J of actuator arm assenbly 120 are
known 5 paraneters, the retract tinme constant B and tine period tcvr can be
determ ned accordingly. Further, as the nechanical variation of J and Kt
can be very small, a relatively consistent target velocity nay be achi eved
by inplenmenting enbodinents of the present invention. 10 Optionally, after
the time period tcvr |apses, Vevr may-Bé-renpved. Actuator arm 121 rotates
with respect to pivot 124 at the target angular velocity -Otarget when
tang 126 reaches .first end 142 of ra 140, .as shown jn Figs. 3 d 4. A
second vaf¥ E.&eg?ﬁ'%'f' iHagam "W{‘E’)'T'af?digf REORESBES 8§ qng Q/@/Iafgg'af‘lp i’%a’ttﬁgr :
drive a%eb@h@rvoﬂh?éﬁdﬁleaﬁﬁm fgmbb%&erh%ﬁeap climb up ramp 140, that is,
to nmove 15 beyond first end 1 and towards the detent. Determ nation of

the second voltage profile Vciinb(t) and a second torque r2 nmay take into

consi deration e G L} t 196 and._r L ing to
equations (1) gﬁ%gﬁn tﬁﬁeé@r%gpgt\?on ﬁi E"?’B’é?ﬁéen %rie@i%'ﬂg@gg}ééﬁg E?g(?%g c2
and f%i ctwhbishlis fust esoughrio lsyesgme $ise friciionbbfdross sudip that ictuatdicammded) /

Rvem = Frjction t d equatjon (8) Vdi t) = cm X

i ot 1 ondBs B! 505 SahSeankaRafab bRy b it fi3t shurudialeSernad parque
const ant MM TR tinfe/serictb g £Por e travgissst ance of VCM 150 and d denotes the
di stance fromthe first end to the pivot 124. 30 Since Rvcm Kt and d are

known, and Frictional Force(t) can be determ ned -11 by the design
paranmeters and matepial properties of tang 126 and ranp 140, the second

vol tage profilg, Veil'#B(t) can be determ ned. Preferably, t Lﬁa‘%ﬂﬁq %ol t age
Veiinmb(t) is desigiedgda.to generate a torque 5 which is just enoug P

overforre the frictional forces such that actuator arm 121 may travel at a
const@nt angul ar velocity fromthe first end 142 to the second end

where Gamp denotes the angular displacement between first end 142 to
second end 144 with respect to pivot 124, and @rge is the angular velocity of
actuator arm assembly 120, when tang 126 travels from first end 142 to second
end 144 of ramp 140. It may be appreciated that ;s defines the time period
15 during which the second voltage profile Veime is applied to VCM 150.

It should be appreciated from the above that complicated circuits and
control schemes may be eliminated. Disc drives configured for performing ramp
unload operations according to embodiments of the present invention can thus be

20 more reliable in operation, and cheaper to manufacture because of the simpler
system architecture and control schemes.

Fig. 7 is a velocity-position chart 700 showing the behaviour of an actuator

system operating according to embodiments of the present invention. Upon start

25  of an unload operation, read/write heads 130 are positioned at an initial track 112
of disc 110 at an initial velocity Vel-0. The initial velocity need not be absolutely

zero, although preferably so. Alternatively, the initial velocity is negligibly small.

The read/write heads are then moved according to a first velocity profile 702 until

they approach the ramp at a target velocity Vel-1 which is preferably within a

30 desired range 704 of target velocity values. Subsequently, the read/write heads

may continue their travel according to a second velocity profile 706. Various other




144. The tinme period tciinb for the travel is: tclinb - Branp Warg
equation (10) 10 where Oranp denotes the angul ar di spl acenent between first
end 142 to second end 144 with respect to pivot 124, and wtarget is the
angul ar velocity of actuator armassenbly 120, when tang 126 travels from
first end 142 to second end 144 of ra 140. It may be appreciated that
tciimb defines the tinme period 15 duritAg which the second vol tage profile
Vetinb(t) is applied to VCM 150. It should be appreciated fromthe above

that conplicated circuits. .. control .schepes be elimnated. Disc
drives co?ﬂ‘ﬁagl' %?B?ayp%’f '@Fﬂﬁ%@ %EOCIWB&%SJJ@?&%W €cording to
enbodi nents of the present invention can thus be 20 nore reliable in
operation, and cheaper to manufacture because of the sinpler system

archi tecture dfié- Solst Adflové aharelusiraiing 2 method &08c faryungsdingoigaghwite 700

show ng t HRWT : I I t
cnbod nert 2y dRE e ftoREhy She GHBOAMEIREF 316 BRBRERRRIG Thesi i on,
read/ fv i teetierldinvases doddipg she ireadbdrite haads at andhitibl poditidd 2vens discs@s110 at

i niti | ocity Vel -0.-The initial velocit d not b | ut el
eror ol SHgh e iy T6S TReBbii neEhs) Sre ibSRrmelan iR ¢ Ep

negl i gi blaccor@ihl. to Ehevalesy/ woflle, headsichr a tdiget RY®ityaatahdi fgnpo g first
vel ocity Iprofi | e %02 until they approach the ranp at a target velocity

Vel -1 whi'@R'§SenReP¥siEN y2%i t hin a 30 desired range 704 of target velocity
val ues. Subsequently, the read/wite heads may continue their travel
according to a second velocity profile 706. Various other -12 enbodi nents
may &Xhi bit diAlthaught it\aarobe tapppeciitadethat Mariotisrerskadipiants Rif ghe resent f | ow

chart ill, j f : I I wri t h in di sc

drive acc'g?%iﬁtﬁ%d g'gwgdr?gg %‘%ﬂ%&%‘gﬁ 8%'#'8[]4?2'9348%@&ﬁgﬁ%ﬁ{fgﬁtﬁ%%'.r@ﬂéw pov@er
consumption and high reliability in performance, it will be understood that the
foregoing description of the embodiments is illustrative only, and that changes can

be made by one skilled in the art without departing from the scope of the present
15 invention.




5 met hod involves holding the read/wite heads at an initial position over
a disc, as shown in step 510. The read/wite heads are then noved towards
a ranp according to a velocity profile, to reach a target velocity at the
ranp, as represented by step 520. 10 Although it can be appreciated that
vari ous enbodi ments of the present invention provide advantageous
particularly useful to devices requirirhg-l ow power consunption and hi gh
reliability in performance, it will be understood that the foregoing
descripti E f the enmbodinents is illustrative only, and that changes can
be nmade b§ B8MSskil1ed in the art without departing fromthe scope of the
present 15 invention. - 13 CLAIMS 1. A nethod for unloading read/wite
heads in a disc drive, conprising: holding the read/wite heads at an
initial pbsitidmathed for ynleadingngad/wrile hegds lireadisttiveg, compsising: t owar ds a
ranp di sposed adj (o} ol C ' a fi oclLy profile
to reach a targebemgﬁet?tag : h@éa}og’n%t%gfnﬂ%l]é%r@?{\g&éé%\Hg&%bgd inclaim
1, inSwhich the neadligwhd ecdbarite aeed'kldadndalidlsde; mbldiﬁbns§£a?jﬁbe?1MtMQd as
recited in claim2, .in which holding the read/yite heads rther

conpri ses perform iS¢ P&E‘thi?’lﬂ ?Q)\%i f?fgt Yelogity profile jtq rey r"‘t'iaBQﬁL{ VEIOGHY &the
method as recited itheGhgipn 1, in which the initial position is outside an
inner region of the disc. 5. The nethod as recited in claim4, in which the
initial positionis in a generally mddle region of the disc. 20 6. The

met hod as)r eCiTr?@'nié?h%gEg}eéi}:ed h 85, IEhIch thb3badRftid he3dh Sréhef in

recordabl e regi on of
10 flight.

3. The method as recited in claim 2, in which holding the read/write heads
further comprises performing track-following at the initial position.

15 4. The method as recited in claim 1, in which the initial position is outside an
inner region of the disc.

5. The method as recited in claim 4, in which the initial position is in a
generally middle region of the disc.

20
6. The method as recited in claim 1, in which the initial position is at a
recordable region of the disc.
7. The method as recited in claim 1, in which the read/write heads are held at
25 the inifial position at an initial velocity.
8. The method as recited in claim 7, in which the initial velocity is at least an
order of magnitude less than the target velocity.
30 9. The method as recited in claim 8, in which the initial velocity is substantially

zero relative to the ramp.

10. The method as recited in claim 1, in which the first velocity profile is




7. The nmethod as recited in claim1, in which the read/wite heads are held
at 25 the initial position at an initial velocity. 8 The nethod as
recited in claim7, in which the initial velocity is at |least an order of
magni tude |l ess than the target velocity. 30 9. The nethod as recited in
claim8, in which the initial velocity is substantially zero relative to
the ranmp. 10. The nethod as recited inléraim1, in which the first velocity
profile is -14 representable by a linear function. 11. The method as
recited in claiml, further conprising bringing the read/ wite heads from
the target velﬁ?@f‘?iﬁmgblﬁg’éft? ﬁ'&%cﬁ"ﬂ? ‘to a second velocity 5 profile. 12.
The nmethod as recited in claim1l, in which the second velocity profile is
i ndependent of_the first velocity profile. 10 13. The nethod as recited in

claim 1, TlrtnhEne gsthed asigeitgst ingdlaing 1hBirthes gommsisingsiinging the reedéddritenovi ng
the read/ wit IOt | LtiQn. : fed in
claimi13, in \ih/m C ?rﬁgﬁrtéggsal\yﬁtt gélhg@ggtba*regﬂ %%g%g\tlﬁggg %@é r\ge?}%&%
reach5t he i ni tprafilgposition. 15 15. The nmethod as recited in claim13, in
which the read/wite heads are noved away fromthe ranp to reach the
initial position. 16. An unload nethod conprising: 20 positioning

read/ wri t£2.hedMse onvegthod d9 Reke@fin @ldls ¢1, R WRWhNGet Stohgagd| ddityt SrofiRams to
reach an initial velocity at the track, and bringing the read/wite heads

to a target veNBEPERAGIBAH the festvalpcHy pseffle. configured to park the

read/ wite heads. 25 17. The nethod as recited in claim116, in which the
initial velocity is at |east one order of nagnitude |ess than the target
vel oéPty.13.  The method as recited in claim 1, further comprising, prior to holding the

read/write heads, moving the read/write heads to the initial position.

14. The method as recited in claim 13, in which the read/write heads are
moved towards the ramp to reach the initial position.

15
15. The method as recited in claim 13, in which the read/write heads are
moved away from the ramp to reach the initial position.
16.  An unload method comprising:
20 positioning read/write heads over a track of a disc;

allowing the read/write heads to reach an initial velocity at the track, and
bringing the read/write heads to a target velocity upon reaching a ramp
configured to park the read/write heads.

25 17.  The method as recited in claim 18, in which the initial velocity is at least
one order of magnitude less than the target velocity.

18.  The method as recited in claim 17, in which the initial velocity is zero.

30 19.  The method as recited in claim 16, in which the track is located proximate
to a middle diameter of the disc.




18. The method as recited in claim17, in which the initial velocity is
zero. 30 19. The nethod as recited in claim16, in which the track is

| ocated proxinate to a mddle dianmeter of the disc. - 15 20. A disc drive
conprising: a disc having at | east one recordable region thereon; a ranp
adj acent the disc; a notor; 5 an actuator arm operable by the notor; 10 15
read/ wite heads supported by the actud®or arm and circuitry operably
connected to the notor, the circuitry being configured to bring the

act uat or éﬁrnt a Egomn velocity with the read/ wite heads being at the

r ecor dabl red&gﬁc Mer @& A4 ng the notor according to a vol tage

profile for myHRE HfithPat IHaLBNAFBot@HRE H8gioh MfereBRP: 21. The disc drive

as recited in claim20,” in which the voltage profile is characterised by
subst anti al | y @ tA8p &djacest theydisc22. A handhel d el ectroni ¢ product

conprising a déﬁﬁ)tgf;i ve of claim 20.
5 an actuator arm operable by the motor;
read/write heads supported by the actuator arm; and

circuitry operably connected to the motor, the circuitry being configured
to bring the actuator arm to a known velocity with the read/write
heads being at the recordable region before operating the motor
10 according to a voltage profile for moving the actuator arm towards

the ramp.

21.  The disc drive as recited in claim 20, in which the voltage profile is
characterised by substantially constant voltage.
15
22. Ahandheld electronic product comprising a disc drive of claim 20.




