-1- RAVMP UNLOAD IN DI SC DRIVES FIELD OF THE | NVENTI ON 5 The present

I nvention relates generally to data storage devices, and nore particularly
to met hods and apparatus for ranp unload in such devices. BACKGROUND OF
THE I NVENTION 10 Di sc drives are anong the nost wi dely used nmeans for
storing massive anount of data, and nmust therefore be very reliable.
Recently, disc drives are increasingry-found in hand-held or portable

el ectroni c devices such as audi o- visual nedia players and recorders. Since

the mpjority of these devi { : there is now also a
need for disc drives to op@@l@%k(ﬁﬁh\ﬂweﬁ@ r consunption. A disc
drive typically includes one or nore discs nounted on a spindle notor, as
wel | one_or nore_sets of read/wite heads configured for witing data to

or readi EbE'eﬁtcAEfrﬂﬁrW“ENa'i'QUs. The read/wite heads nay 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
conf Bgur ed t o Thelgresenteinvention melatesegerierally todata styprags devices, ahd nibrec

drive is _Lp. [ it | rahl e e 25 read/wite heads
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avoi d i nadvertent contact between these conponents, as they may result in
damage tQ t i ng t i of data. For this and other reasons,
a disc dWﬁg&ﬁ@@cﬁﬁﬂ?ﬁ?ﬁW%m oad" the 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 A0t he readPifia teves @selarserg dnel duosiwwidely swedHaeans dor storing maseivear y

unl oadi ngnRek ¥l fla, LRS hESCHE LR BRATS A RabRY €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

15 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 exemplary unloading operation, the read/write heads are moved in a




-2- direction opposite to a retract direction until the actuator armis
brought to rest by collision wwth 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 some types of disc drives, there
remains a need for solutions that will2be nore efficient and | ess
demanding on the limted power resources of disc drives intended for use
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I ncl udi ng hol di ng read/ wite heads at an initial position before noving

t hem owards a ranp di sposed adjacent to the disc to reach a target
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of the readicesi te heads. Al so provided are apparatus configured to perform

nmet gﬁds according to enbodi nents of the present invention. Various
advanft ages whi ch characterize enbodi nents of the present

The present invention provides a solution to this and other 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 to 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.




30 invention will be apparent upon reading of the follow ng detailed
description and review ng of the associated draw ngs. -3- BRI EF

DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic top view of a disc drive
for illustrating enbodiments of the present invention; 5 Fig. 2 is an

enl arged partial sectional viewof Fig. 1; Fig. 3 is a schematic top view
of a disc drive showi ng an unl oad oper‘a”t‘i on according to enbodi nents of
the present invention; 10 Fig. 4 is an enlarged partial sectional view of

Fig. 3; g | ' ' a disc drive for illustrating
anot her ?ﬁ@ﬁ“kgﬁﬂﬁﬁﬂéﬁfﬁﬁemﬁgﬁ% ng to enbodi nents of the
present invention; 15 Fig. 6 is an enlarged partial sectional view of Fig.
5; Fig. 7 is a velocity-position chart for illustrati ng vel oci t, profli | es;
20 Fig. 8 is &ig1bifcharhematioter vigvnet asiscadibs: tor listrglingsmrbotimneatsel t he
present itﬁlé’ngfgcﬁe%inv@ﬁﬁﬁﬁLED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS 25 For
clarity, enbodi nents of the present invention will be described with
refedence to a disc drive having one disc and one set of read/wite heads

that are support c ver egs, it will be understood
that enbodi f%f%ﬁ@gfﬁ%iﬁﬁﬁﬁi ﬁ\%tmq%ﬁ'eﬁéépﬁg' pplied in various types
of disc drives, such as disc drives with varying nunbers and arrangenents

of discs and 30 read/wite heads, .,etc., and that ,the foll owi ng description
Us provided shi%I3 S 8 Schamalis Ippyiew §iF 3 fisgnvashoiing ani dnlnad oReratistbd o

be |i m t hRgording 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




Shown in Fig. 1 is a disc drive 100 configured to performranp unload Al
-4- operations accordi ng enbodi nents of the present invention. The disc
drive 100 includes a disc 110, an actuator arm assenbly 120 havi ng an
actuator arm 121, read/wite heads 130 supported by the actuator arm 121,
and a ranp 140 disposed adjacent to an outer perineter 116 of disc 110.
For convenience, the 5 recordable ared %ot a disc may be described as

consi sting of three regions: i nner region nearest to the inner
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140 may be shaped _so that 1t includes a sl.oping surface near a surface of

t he 1@ scuﬁfb‘ffqrd'ef%fé’ﬂglg.e&@éa@rt@é{j’&%?ft @iti$C-t ang 126), a detent 144 shaped
to keep the tang 126 from noving off the ranp 140 when the disc drive is 25
~not in operation, and an internedi ate surface therebetween. The end of the

sl opi ng sur f adetuntar agm asseribly 42@ is eperablbyial motes, indhisrexample, arvoids s

document &% motor (VCM) 150 including a coil 122 coupled to the actuator arm 121 and a
magnet 152. When a wvoltage is applied 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




a first end 142. A flexible printed circuit cable 160 operably connects VCM
150 and 30 read/wite heads 130 to a printed circuit board assenbly (PCBA)
180. PCBA 180 is nounted to a housing of disc drive 100, and nay

communi cate with printed circuit cable 160 via a connector 170. The
various di sc drive conponents may be controlled by one or nore controller
devices that formpart of PCBA 180. For’the -5- purpose of convenience,
reference to a controller 190 will be understood to collectively nean any
nunber of devicesg, for exa nfji gur ed
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i nitiSal chipsk 112. A 10 track-fol | owi ng operation nay i nvol ve readi ng and
processing servo information and using the servo information to determ ne
to what extent the read/wite heads are ms-aligned relative to the
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are mis-aligned refativé to the initial tfrack 112. VCM 150 may then move actuator
arm 121 appropriately to keep the read/write heads 130 aligned with the desired
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
fo 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.




Accordi ng to anot her enbodi ment of the present invention, the disc drive in
operation determ nes the position of the actuator arm 121 at the tine 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 noving. Fromthe servo
information read fromthe disc, the disc drive determ nes the distance of
this initial position of the read/wite heads 130 with respect to the
first end 142. Thus, the controller is able to determne 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 Insthet kimbadichesis, eactuatngearaf 124l e allyweal aigeriodhef tiew teed
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reaching the initial position and thereby dissipate operational vibrations
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i nvention, . a disc, drjVe,.i configured to perform an unl oad operation by
first polidsPsoRht ohine UskyeloPtepiRliGs ai WD 115 of disc 110, Positioni ng
read/ wite head 130 at a track 112 in the MD 115 provi des advantages over

positioning the read/wite heads 130 at other |ocatigns because the seek
ti %o an MDIpoRfenative semrodifeentscpPhdbesprmsast. inveniighca@ diste dityeols
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an emer g@h#D dvéraf dipat! 10ayPesilioning rgadawite haaddbith abh trank t12in thel Mb
115 provides advantages over positioning the read/write heads 130 at other
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 drivé 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




One aspect of these advantages is further explained in the follow ng. 20
Preferably, the disc is kept spinning all the while when the read/wite
heads are not parked so as to ensure that the read/ wite heads 130 renain
separated from the disc. In the traditionally larger disc drives, should
the disc drive suddenly |l ose power, the inertia of the disc and notor
assenbly (disc stack assenbly) may be - el i ed upon to keep the disc
spinning for a sufficient period of tine until the 25 read/wite heads have
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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 Vevr 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 lvem, VCM 150 generates the first




known because the |ocation of the read/wite heads 130 can be determ ned
from the servo information. From previous neasurenents or from

cal cul ations, the 15 nonentumrequired of the actuator armto successfully
nount up the ranp and conplete the unload operation can be determ ned. In
other words, a target velocity value to be reached by the actuator arm at
the first end 142 of the ranp 140 can 87e known. For conveni ence, the first
end 142 of the ranp 140 is referred to as a first position 142. Using a
sui tably, configured control | er 190, {“? vpl tage 20 profile Vcvr is

appl i ed {YWR ?r‘t"ﬂi'ﬁft‘ ma %Wrﬁéﬁmeﬁ’gb)f fﬁ’hg\éﬂ@n‘?‘%{ﬁ U9e actuator arm 121
so that the notor 150 provides a first torque i1l and thereby causes the
actuator arm 121 to nove froman initial velocity at the initial position
to a target wekdveinx Kt =tAecdi st/ position 142, This processquation2)her
illustrated by the followng equations. 25 The applied voltage Vcvr may be
defined as: Vcvr = lvecm x Rvcm equation (1) where Rvcm denotes the
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VCM 150. When fed with an electrical current |vcm enerat es %he
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= lvcm Xx; (2) where Kt denotes the torque
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act uat or armassenbly 120, and J denotes the nonent of inertia of actuator
arm assenbl y The an r ccel 1 may
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expressed according to the following equation:

2 2 2
10 Accel_ = Durger ~ Do _ Dorger
CW 2gtra\-'el thravel

equation (3)

where arge: 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. g 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. Gyaves 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 ey of the actuator arm 121 is brought to at
least one order of magnitude less than the target angular velocity arget . 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 (@ << @rarger.). For calculation purposes,



10 Accel, = COW = W g" equation (3) 2"tnvel 2ehavel where wa,yet is
the angul ar velocity of actuator arm 121 when tang 126 reaches first end
142 of ranp 140. Tribological conditions between ranp 140 and tang 126 may
determ ne an appropriate target velocity range within which the velocity
of the tang preferably attains upon reading the first end 142. a is the 15
initial angular velocity of actuator arfim 121 rel ative to ranp 140 when
read/ wite heads 130 are positioned over the initial track 112 of disc
110. Otravet is the ngul ar. di spl agcepen i.n radi ans ctuator arm 121
betwean 4H G DRLIOfBF HeBRISre BRA T HaR AL 15158l A o atariier Sa6e bR on
when tang, 126 hes, fi n : i R~ F ; 4).
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Al ternativel the initial angular velocity a of the actuator arm 121 is
brought £9YgHONY east one order of magnitude | ess than the target angul ar
velocity warget . The angul ar locity of actuator arm 121 at the point
when tang 126 reaches the first é&%ﬁd]l& of the ranp 140 is referred to
as tlse target anguiledelyedbeidy.  Pluihis, exanple, it is desiequationt@) the
initial angul arrvel ocgty to neglg gi bl e*™hen conpared to the target
angul ar velocity (ft < karget) For calcul ation purposes, -9- opo can
therefore be considered negligible, that is, set as zero. Further, since

both i d travel .. | i dij
cquati ons. (2) EIaRPY 2 ik Slifds Mo MErerRSEr Loy R B R Y REL I
det er m negadywritd cads! 139 2ge rAauUEd ifom tRe ialtigbtradk X1 towardacs ditstrtrackd X

2BnK x R equation (4
regresented éy 2he 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) TEEl
oo =ﬁ equation. (5)
15
According to equation (2), the angular acceleration of actuator arm 121,
Accely,, can be expressed as:
Kt
Accel , = N3 x Ivem equation (6)
20

Deriving from equations (1), (5) and (6), L, can now be determined by the

following equation:

_ Orarget X Ryem _ B

Lo = =
Y y Voor equation (7)
CVF

25




K, By applying a first voltage profile represented by Vcvrto the VCM 150,
the 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
corresponding tinme period tc"r to apply the voltage to VCM 150 can be

determned fromequation (5): = target t° r ~r equation. (5) Accel 15
According to equation (2), the angul ar 19ccel eration of actuator arm 121,
Accel cvr, can be expressed as: AccelC,, = Kt X Ivcmequation (6) 20

Deriving fromequations (1), (5) and (6), tcvr can now be determ ned by the
fol | owi ng equati on m@r%x%cﬁvcm Btc Kt V Vc,n. equation (7) J x cvr 25

-10- B= Wargqphé?ei?@é:m whege Kt dienotdsa fetkRititingd cbhd@nconstant. J Since
the angul ar velocity wta, , resistance Rvcmof VCM torque constant Kt

of VCM 150 and nonent of inertia J of actuator arm assenbly 120 are known

Since the angular velocity axarger, 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 f, can be determined
accordingly. Further, as the mechanical variation of J and Kt can be very small, a
refatively consistent target velocity may be achieved by implementing

- embodiments of the present invention.

10 Optionally, after the time period f., lapses, Vevr may be removed.
Actuator arm 121 rotates with respect to pivot 124 at the target angular velocity
@xarget When tang 126 reaches first end 142 of ramp 140, as shown in Figs. 3 and
4. A second voltage profile, Veumem, 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 Veimpe @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 Veimpgy | Rvemn = FrictionalForce(t) xd equation (8)

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

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




5 paraneters, the retract tinme constant B and tinme 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 tine period tc"r |apses, Vcvr may be renoved. Actuator arm 121 rotates
with respect to pivot 124 at the targellangul ar velocity wtarget when tang
126 reaches first end 142 of ranp 140, as shown in Figs. 3 and 4. A second

olta di mb(t dtg V 150 furth [
Lot Buthe s Bl o BAR) b5 e o8 A D 11D ¥, e
15 beyonge&bﬁéyoﬁ% M(;},I@lw:m} rﬂﬁefd@:@erﬁﬂhéﬂt Determ nati on of the second

vol tage profil I mb(t) second torque T2 nay take into
consideration friction bet vveen tang 126 and ranp 140. Derived accordi ng to

equations (1 t 9. bet g??\%

agg f Ir| cti (()nZaIFq f)érréélg éllz'ié]n 58}&@ \}rogtg'.é 5’?’?)\,\$ %bé@ﬁ%%&’ ?&% éﬁ%ﬁl;‘e
Rvems= Fmhi¢ch enjailsFenoegh fo Jovelroemmthe)ﬁ‘lcmﬁhal fercesbuch theat sRivatok arm 121
Frictional Force(t), x d) ./ Kt at i.on. t t t

const ant "M ?L‘b‘% 3%@8#%?@%?'&@55@"’@ ?%pbﬁ}%}/\h&? %&ﬁ@%@ﬁ?‘*& ggn%r? gute he
di st ance 14u0MTHBME getoden g, for thetravmas: 124. 30 Since Rvem Kt and d are
known, and Frictional Force(t) can be determ ned -11- by the design

paranmeters and material properties of tang 126 and ranp 140, the second
vol tage profile Vc (t) can be determ ned. Preferably, the second voltage
Vej mb(t) is desrlguae.ct’..ﬁt.o generate a torque 5 which is just %@%% )
overcome the frict iegpal forces such that actuator arm 121 travel at a
consIthnt angul ar velocity fromthe first end 142 to the second end

where G.mp denotes the angular displacement between first end 142 to

second end 144 with respect to pivot 124, and @rrget 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 f.ump defines the time period
15 during which the second voltage profile Veume 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 tctnb for the travel is: tclnb = Branme equation (10)
cowga 10 where Brane denotes the angul ar di splacenent between first end 142
to second end 144 with respect to pivot 124, and Gharget is the angul ar
velocity of actuator arm assenbly 120, when tang 126 travels fromfirst
end 142 to second end 144 of ranp 140, 1t nmay be appreciated that tdnb
defines the tine period 15 during mhle% the second voltage profile
Vetnmb(t) is applied to VCM 150. It shoul d be appreciated fromthe above
Lhat compeaifien@imay ehhiilireeRiity ROMES 70y idiem@hgibnat ed. D sc
drives contigured for performng ranp | oad operations according to
enbodi ments of the present invention can thus be 20 nore reliable in

ti b h
o oni t ot ur o Bl Soner Op R EREIS S P ol bTBafia. PEkEe 00
sggvvnd_ng hfmﬂé)eha\dssmﬁnm aa:tbralﬂth?t orie eam@mﬂtenp?f ﬂtaSp%sent nt@:nttgnt 0he
enpodl nmen res I nventl on on start . of_.an unl oad
operat | dﬁ‘e%W%LH?\ﬂf\f ; %Fst fsf@aéf"é”tﬁdﬁ)%cr%ﬁ‘eﬁn ét‘t'érpt?srﬁ“i’“ qvek A4S, B2 of
di sc 1105dwRNni &l E ghovehge Pé’a&/ﬁ,‘nté’ heE&% b tthéh M%b@&'tb%la?&@% '?glfnpbe

absolutely zero, although preferably s Al'ternatively, the 1niti
vel oci t yageordiagl T(g|@|ye|9ﬁ'éymf0flfﬁhet0r éemmat@r@etadekmte ehdhentarep, as

accordi logity profile 702 until they approach the ranp at
a targep%?b%§%ﬁga s¥¥§5%§ich is preferably within a 30 desired range 704

of target velocity vaIues Subsequently, the read/ wite heads may continue

the travel or g to,a second. v rofile 706. Various other
bl et o Gt Bearioe; SRSRETaIES Bt Ytes ettty of 88 et Fg.
8 is a fihouhidipfovide uat/éﬁtagegue préeﬁémahﬁggefftﬂ)to uetieeelreqtnhﬁg%wrpdv@er heads
in a disc drive accord |n% t 0 one enbodi nent of resent i1nvention. The
consumption and high reliability in performance, |t wdl e 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,l to reach a target velocity at the
ranp, as Trepresented by step 520. 10 i\l_t hough it can be appreciated that
vari ous enbodi ments of the present invention provide advantageous
particularly useful to devices requiring | ow power consunption and high
reliability in performance, it will be understood that the foregoing
descri pti &AIMQ he enbodinents is illustrative only, and that changes can
be made by one skilled in the art w thout departing fromthe scope of the
~present 15 invention. - 13- CLAIMS 1. An unl oad nethod conprising: noving
read/ witea. heads dﬁl@ﬁdmahéd%hﬁﬁﬁi@ﬁ tion to an initial track of a disc
at a known distance froma place of rest; providing the read/wite heads
with an initial vel SXMRG iR Write hepdsdromm iat prenerlaad frositign tohan iinitiali al
track; and novi : I e .e of rest according
to a predeterrnh%gléto\kjglcg‘ge(i:rl'a é%b%ﬁﬂmg&\%ﬁ?%g%?ﬁ gzjflée%?ﬁlggf’he vel ocity of the
read/ write heads whemidiagrtbedicadivdichiosatis aith dreinitalwdloatedhen. thehe

method as in claiml, wherein the initial velocity is at |east one order
of magni t ude | E%%APWH%h%aQ%?E‘e?t @@I'B@PW@C‘@?”‘#he method as in claim 2,
wherein the initial WRISiHe/ rd ' of I as in
claim1l, wherein the I rlli I ﬁr%a?éﬁﬂ@@%cgwgﬁd%%P%téeOf rtggt ggéré?glﬁpe

di aneter of thto digedetermifesl walbbibdpeofile witbbai detecting ¢ne velority iofighehe

read/write hea(rjesadc/mi%ehﬁéads when the read/write heads are being unloaded.

2. The method as in claim 1, wherein the initial velocity is at least one
order of magnitude less than a target velocity.

3. The method as in claim 2, wherein the initial velocity is substantially
Zero.
4. The method as in claim 1, wherein the initial track is located proximate

to a middle diameter of the disc.

5. The method as in claim 1, wherein moving the read/write heads further
comprises providing a predetermined current to a motor configured to

move the read/write heads.

6. The method as in claim 2, wherein the target velocity characterizes a

momentum sufficient for the read/write heads to move along the ramp.

7. A method for unloading a head comprising:
moving a head from a pre-unload position to an initial track of a
disc at a known distance from a place of rest, the place of rest being
located on a ramp; '

providing the head with an initial velocity at the initial track; and




conprises providing a predetermned current to a notor configured to nove
the read/wite heads. 6. The nethod as in claim2, wherein the target
velocity characterizes a nonmentum suffiicient for the read/wite heads to
nove along the ranp. 7. A nethod for unloading a head conprising: noving a
head froma pre-unload position to an initial track of a disc at a known
di stance froma place of rest, the place of rest being |ocated on a ranp;
provi di ng the head # 8i¢Panf imeving thednerd towards: the placei af restawithowtnd - 14-

a step of novi pgtd I : el wi t hout detecting the
vel ocity of the he@ﬁggﬁeﬂﬁg&Wiogﬁét Eg‘?‘@?aﬁﬁﬂg'ﬁ& od as in claim7, wherein
novi ng the head further conprises providing the head with a nonentum

sufficient to erco friction resented by the ranp, 9. The nethod as in
Slaim 7, Gher el HedUFINGG A VLRENT brvheremmpying e Nead fufier SMATEeShead i s
not used to debpiviiiRg HBSHERYSHEN HorhEfun&aficidhR tol i@dpi N claim
7, wherein thebi niti gl vel oci tyl i g suobst aH{T?aI ﬁgylérgetpoa%r%sh{ﬁ?g"&n@phod as
in claim?7, wheresemteghby tige ratophead further conprises providing a current

to a notor operably coupled to the head. 12. A device conprising: a
recordabl e region; a reader/witer configured for reading fromor witing

]Eo theh recor dFheemeB@doss ik cl=AiP7 CRREIHY HBfNg bR Hch6r fHRAHSA Whst er  away
romthe
velocity of the head is not used to determine the movement of the

head.

10.  The method as in claim 7, wherein the initial velocity is substantially

Zero.

11, The method as in claim 7, wherein moving the head further comprises

providing a current to a motor operably coupled to the head.

12. A device comprising:

a recordable region;

a reader/writer configured for reading from or writing to the
recordable region;

a ramp configured to hold the reader/writer away from the
recordable region;

a motor operably coupled to the reader/writer, the motor
producing a back electromotive force when in operation; and

circuitry operably connected to the motor, the circuitry being
configured to provide a current to the motor sufficient to move the
reader/writer from a pre-unload position to an initial track on the
recordable region at a known distance from a place of rest on the ramp

and then to the ramp without sensing the back electromotive force.

13.  The device as in claim 12, wherein the circuitry is configured to

determine a current to be provided to the motor in a time of moving the




recordabl e region; a notor operably coupled to the reader/witer, the notor
produci ng a back el ectronotive force when in operation; and circuitry
operably connected to the notor, the qBrCU|try being configured to provide
a current to the notor sufficient to mdve the reader/writer from a
pre-unload position to an initial track on the recordable region at a
known di st ance frég? a.place of rest on the ranp and then to the ranp

wi t hout sensi nffq k tetBe s over the keewni distance witbpetkualagi thecl ai m
12, wherei n t hgaek lefisdtidofive FRBE! FUHETm r

provided to the notor iIn a“ﬁ? me of novi nb%trh%%% mregfgggr%yé ﬁitnrg t?o t he
ranp over the kuo@nt.di stance wi thout using the back el ect rom)tl ve force of
the notor at the tine for determning the current. 14. The device as in
claim 12, wherein the current is determ ned before the reader/witer is
moved fromyt he TheGRitRDAS irf 8i@rRM 2t th'ﬁé]n rtﬁéﬂ&urréﬁt lsTclllﬁeHﬁ?ﬁ'eﬁeoééré theC! @i m
14, wherein the current is sufficiently large f he notor to overcone
frictional for t@@q{wmtaélsrraﬁped from the recordable reglon to the ramp.

15.  The device as in claim 14, wherein the current is sufficiently large for

the motor to overcome frictional forces at the ramp.




