;eSé+$$9&((J+6+T+tr FROM RAMP | N DI SK DRI VE BACKGROUND OF THE | NVENTI ON 5

The present inv | relates to a nethod and an apparat us favmmﬂ"
| oadi ng %mmmmmg%&@m@ disk mediumfroma ranp in a disk drive m mm,’mk
drive (H /wites data using a head is known as a disk”gﬁ5ye
that at | east “6®%2tads data using a head. The head is supported by an
actuator for noving the head in the direction of the radius of the disk
(di sk medium. More specifically, the fead i § supported by a suspension
extending froman armof the actuator. 15 Most of recent hard disk drives
adopt a ranp |load system This t gﬁ%of hard di sk drive perforns the
fol | owi ng control when the driv ngesTiht BNRENRBABNer ati ng (idle) state.
In other words, the contral is that the heaqus retracted éunloadeq%%onto

20 a ranmp (ranpIERfEARRRATE R SidfeP e TRARORT? Rt R riEreE St ¢ he
di sk and stopp ' C the ranp. The recess is called a
par ki ng area. %%waiﬁ??%f%m@head but a tab forned at the tip of
t he suspension for supportin H%%t i Eﬁﬁ% d on the parking
area of the ranp when the he%ﬁE?%Rgﬁﬁghgga. é&ﬁ% e?@Fthat the head is
stopped (gparked) on fje @Péé(édﬂ‘@ e CloA NE 12D TOL o métﬁo%tQﬁdsake of

e adoptin 7 u

brevity. A hard disk dri g a ranp load systeminc es a |latch

(magnet latch) 4sifiha®atths SvBiHSle f A5y TROM ALY NG l‘?‘é‘a@pﬁ?@«;ioﬁ & sk he
actuator. 5 The l[at'ch prevents the head fromjunpi ng out of the parking

area of the rampeghan then heachns unlpaged: dritde hard disk drive, when
the nonoperating state of the drive is released, the head is noved (| oaded)

above the disk nmedi uni4edn diek pde kveag(RbeR. tHH: Theadomopetasi agtst ate of
the drive neans not only a state in which the di sk medium stops rotating
but al so a statuwsing vthikdadd sadoess reguesdisls dsiksuedtiabnata hesst for a
fixed period of tine or |onger though the disk nediumis rotating. Wen no
access réguest 1erds datucts o thradostTHorheark ¥5 xawrperied &Y a% me or

| onger, the supply of power to sone circuits in the hard disk drive is

general |y st oppEt-4aFFediftte HOWEHY retfui heafents. the dHeet oty | 9hd-Ry st em
ok L wh e o B A S P Sre iy stfons tnr et B Bhee: Ched
above. For this . ,eason, there _is no,fear_that the head collides.with the
ok redr um ov e AR 10 R S o AR A I Ao e ik

T b hint SAL SRR AL e Lo preyent Lie heac o, gk, medium
medi um At Most of recent hard disk drives adopt a ramp
load system. This type of hard disk drive performs
the following control when the drive changes into
a nonoperating (idle) state. In other words, the
control is that the head is retracted (unloaded) onto
20 a ramp (ramp mechanism) provided outside the outer
circumference of the disk and stopped in a recess
formed on the ramp. The recess is called a parking
area. Actually, it is not the head but a tab formed
at the tip of the suspension for supporting the head
25 that is stopped on the parking area of the ramp when

the head is unloaded. Assume here that the head is

stopped (parked) on the parking area of the ramp for



f

- 3 stops rotating. Consequently, the ranp |oad systemis effective in
bringing the surface of the disk into good conditions and reducing the
anount of elevation of the head to inproving the recording density. 5 In
the ranp | oad system however, the head is detached fromthe di sk nedi um
for a given period of tine when it is |oaded/unl oaded. Therefore, the head
cannot read servo information fromthe disk nmedium In this case, the
position of the head cannot be 10 det ecT ed? based on positional information
contained in the servo information, nor can be the speed of the head.
Accordingly, the control (speed control) of the head cannot be perforned
when t he head iShandéé/Qﬁlgaééth15 The currently used hard disk drive, as
di sclosed in Jp. Pat. Appln. KOKAlI Publication No. 2001-155455, perforns
the speed control (spe8@rfeddis¥ciklrdagt rAOPtdnd cadiany dvlashdiifFesf a head
by detecting the head speed fromthe back el ectronotive force voltage (back
20 EMF vol t age) 1BFL1HAG8| elabrh nBRgReCVERfChThEsEblee S il ﬁo@@ﬂnﬁg a
driving source gf an_ac ugtor t hat suggorts thE head su%h t hat the head can
move in the dir&@Fi 6R9BF2EABIr 3Hi GB5RTERB GifskPRedCiHEt®Fen | oop control

f | vi i xed t 25, of t, (VCM t) tot i il
or SUPPI Y10 etixsd AUt 25,1 U ety YO SURLSRL) L he ol ce co

| oad t he di sk : LSk i - t K th
oad e disk ahgyghecthsk ol iEaTner o hE.BR N chE0n Lhe,
head t h i b Vi : kast th
head 10 esCape LLomENELBar kg atshebyuEhVig Hhcebunlon auglast the

supplied to theoyokge @ekkemEorehahsad!i xad ReRWOd 0okl (1DapkBEt tO
such a value that the speed of the voice coil notor or the speed of the

head can reach &bevki xrd peesrenetdgem( €rgm the%aekihbeatranget speed. The
fixed period of 10 tinme is so determ ned that the head can nove fromthe
par ki ng aPea onThhenpanpetetangt kErtar ed ther donvehmeanise nbéadniyeed
reaches the fixed percentage of the target speed after a | apse of the fixed
period of tine.aAptatet he whpsk @hetﬁésgim@dipﬁrﬁéépéfrpﬁﬁﬁ}HESbuﬁe open

| oop control shifts to the speed feedback control using the back EM-

vol tage of the #bFCedc8FPtROLBr WhIRBNRPhECSEESI TRENABACK Scoserer £EaPt s,

t he head speed i s, not constant since the open.l oop control is 20 perforned
prior to the sp@eBOF%e385cE 6ﬁ?90p?rﬁﬁgtﬁ§ ﬁﬁpﬁrgﬁr 9n9ﬁ§r§%8P€P ?h@
initial value (Eggkiﬁldggﬁt.gl Y gkagle) 8 eth%os eegsfe%gb%cg cgntrol i's
set at 0. If the spee8 eedbackcantrdl st'arts Whife®Pes |ﬁ|_|5l &ont r ol
vari abl e; ks set;ak,0q EbBnhead hHpat %Ere%ﬁép%‘ix%og&g%dp%ﬁfk‘t'lﬂxe%?a | ooses
speed by the open |oop control. In this case, the head tenporarily stops on
the inclined surbpagerpf thBesuppRy depel@ieto some circuits in the
hard disk drive is generally stopped to reduce power
requirements.
In the ramp load system, the head is stopped
20 (parked) in a position where it is detached from the
disk medium while the disk drive is in a nonoperating
state, as described above. For this reason, there is
no fear that the head collides with the disk medium
even though the drive is externally vibrated in its
25 nonoperating state. It is thus possible to prevent

the head or disk medium from being damaged. There is

no fear that the head adsorbs on the disk medium that
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- 5 the loading of the head perfornmed by the speed feedback control
restarts fromthe position in which the head stops. |If the head is stopped
on the inclined surface of 5 the ranp when it is | oaded as descri bed above,
the influence of static friction between the ranp and head becones greater
than that in the |loading of the head fromthe parking area. In the prior
art hard disk drive, therefore, it is difficult to cause the head 10 to
escape fromthe ranp. Furthernore, the'bpé% |'oop control allows the head to
escape fromthe parking area of the ranp. For this reason, there occur
variations in the head speed when the open_|oop control shifts to the speed
f eedback controftersiroustimg. i nffenaedhertl ¥peklde waenrt headpegateBedback
control starts. The variations cause the head speed to vary during the
speed feedback €bH ¢l Ve BRE BF SUARRYE o SHEL 2 (WERT | ERe THES br £BEAL

i nvention has been_devel oped in 20 consideratijion of the above situation and
its object is tIPP VPRHE Bl hIKARE | TRALAERI cEhe ppBOBRE afhelave bR st oppi ng
hal fway on a ra en the head is | paded above a. disk nmediumfromthe ranp
and perforn1stégFéggbggﬁuﬁéﬁﬂbﬂ@%r%%h?goghﬁjfﬂ%%fd?ﬁgy?ﬁﬁshg8n open | oop 25
control . According to_ap_as h enf jnventi here.Ls provided
a nethod%; | oadi ng gnhg%% ggﬁé g%%é Syggga’d%?vg¥§gbvgﬂg thﬁ redi um from

a ramp of the distcdrdyerrddechieads beinoatisededp £ead, LATQLIBLL 0D T om a

di sk medi um The nethod conprises perform ng head ad co to |l oad the

head above the gk Jedh um 5 § r 0Fa &8/ 1RIDBYa SPeerFeedbackegont£9h and
supplying a current corresponding to an initial control variable for the

speed feedback €oNis®l réd as¥vSEiLOOIMABLION Bfohhehéi dBsRfméAeuspeed
feedback control. The initial control variable corresponds to an anount 10

of current to bensthpidictkd 0 the posteicwi bf noherhéad noyendtebdead from a
parking area on the ranp during a given period of tine fromthe start of

t he spedd f eedbdetected rdsemton pheitiosal sampdbimgtionmecontsbredpird

f eedback control . Perfornh;g the head | oad 15 control includes generating a
control vari ablthe oS¢eYe ok eHeakherd Rebdpakkbeoble ofresdr9fsbia®l i ng tine
of the speed feedback control in accordance with a difference between a
speed of the hdPAnd 2ETAFGERILhecthaneCREPpl yvi FRead ctPRERPL Lo?PF espondi ng

to the 20 t trol varj abl the Vi i| motor. Additional
0bj cots and agvart AU GTAtHEE [HOGRET R I VKR SRS BTN Th the

description whi 9&9 in part will be obvious fromthe
descri ption, orf%%%&%é é%?%% "by practice of the 25 invention. The objects

ha ROvamages o, Dok MEELLRELPa08 neah guandontshact s ssans o
in Jp. Pat. Appln. KOKAI Publication No. 2001-155455,
performs the speed control (speed feedback control)
of loading/unloading of a head by detecting the head
speed from the back electromotive force voltage (back

20 EMF voltage) of a voice coil motor (VCM). The voice
coil motor is a driving source of an actuator that
supports the head such that the head can move in
the direction of the radius of the disk medium.

Open loop control for supplying a fixed amount

25 of current (VCM current) to the voice coil motor of

the actuator for a fixed period of time is usually

performed to load the disk above the disk medium from



[

_ ~ _ pointed out hereinafter. BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF
THE DRAW NG The acconpanyi ng drawi ngs, which are incorporated in and
constitute a part of the specification, 5 illustrate enbodi nents of the
i nvention, and together with the general description given above and the
detail ed description of the enbodi nents gi ven bel ow, serve to explain the
principles of the invention. FIG 1 is a b%ock di agram showi ng a
configuration 10 of a hard disk drive according to an enbodi nent of the
present invention. FIG 2 is a view explaining a relationship in structure
between a ranp and an actuator of the hard disk drive shown in FIG 1. 15
FIG 3 is a di aGhanPakbwnfgatgat oBnthai LREP -codbroFWarRAbEEPRIYd tor speed
f eedback control_is stored in a FROM,of th% harg di sk drive_shown in FIG
1. FIG 4 is a EPBWRAFE SAbw RGLeFeps BEIAhRABFo&E £EUEENLREI N6R% F€ har d
di sk drive shown in Flg. 1. EIG. 5§.is a gra h hoan% %g exanglg of
variati on of heS8CeBEedTQM HREi RETELEhETFRNBYoIAYARY 586 EGhEASPTof the
hard di sk drive_shown, _in, Fl 1, El 5B is,a gr i n npl e of
25 variation ofageﬁPEEngﬁtE%FFH FP%%eaEft%getiﬁ%ggfﬁﬁéghggogétgéﬁfrol of
the hard di sk dihye 20008 bR THE chrrBLE sBBph3cR @LARRCSHOMAD RN exanpl e
wthtine I'oa

of g variation o ead Spee the tinme of héa contro

of a prior art hard,diggk dr if%‘iﬁdﬁg@rigg b$ %i%a@@;;%gggegt%ns%ﬁml e of

variation of VCM current wt at the tinme of oad control of

the prior art hargadigktdbkveneFkeed bg ankl 9vebar toshoworersbeps of

determning an initial control variable used in the hard disk drive shown

in FIG 1. the speed of the head can reach the fixed percentage
(e.g., 50%) of the target speed. The fixed period of

10 time is so determined that the head can move from the
parking area on the ramp to another area thereon when
the head speed reaches the fixed percentage of the
target speed after a lapse of the fixed period of
time. After the lapse of the fixed period of time,

15 the open loop control shifts to the speed feedback
control using the back EMF voltage of the voice coil
motor.

When the speed feedback control starts, the head
speed 1s not constant since the open loop control is

20 performed prior to the speed feedback control. 1In the
prior art, therefore, the initial value (initial
control variable) of the speed feedback control is set
at 0. If the speed feedback control starts while its
initial control variable is set at 0, the head that

25 escaped from the parking area loosés speed by the open
loop control. In this case, the head temporarily

stops on the inclined surface of the ramp. Therefore,



FIG 8 is a diagram show ng an exanple of a data 10 structure of an initial
control variable table stored in the FROM of a nodification to the hard
disk drive shown in FIG 1. FIG 9 is a flowhart show ng sonme of steps of
head | oad control of a nodification to the hard disk 15 drive shown in FIG
1. DETAI LED DESCRI PTI ON OF THE | NVENTI ON A hard disk drive (HDD) according
to an enbodi nent of the present invention will now be described with
reference to the acconpanying drawi ngs. 20°FIG 1 is a block diagram
showi ng a configuration of the hard disk drive. As shown in FIG 1, a disk
(magnetic disk nmediunm) 11 has upper and | ower two di sk surfaces. One or
both of the di skheulpadésgob it hbedherdl pegdovaeds byetdvedisivgesur f aces on
which data is 25 nagnetically recorded. A head gnagnepiq head) 12 is
provi ded for eaéRedPatkecpiEspdi ngssarftacésonf thikeP@isskion, ivhehiedd 12 is
used to wite data tothe _ g _ disk 11 (data recording) and read data
fromthe disk 1thedheadr 85PB8uction). It is assumed in the configuration

shown in FIG 1 that _.the_ hard djisk drive includes a single disk 11;
however, the drive may ﬁ&@e%§a§ Bius&PPRE L Py Ll S L&CGE0dd one

her. A | i VO, 110 d dially i h
sk 11 ahd di SEPEC EPPPatneBgttarsi ACBATA &5 RoPRE HEFeabRdR o fehe
cireunt erence of 30, Lheedhgk 11, Seky0 fata balesar fed oa.gachofLhe

serve areas 110: € Sérvo data inc s positional infornmation necessary

for seek ContrObeEBmQQV%rEQ%eQe%ﬂaﬂztthaihaEﬂ%t15%2953?6@ kot head

positioning control to position the head 12 wthin get range 15 of the

target track. Arusfrtfat adkeaql arkarmednbeheegniad] acenhasar e sar eas 110
and includes a plurality of data sectors (not shown). A nunber of

concentric tracksi¥é]l anerkbebmed em eachigfithetr eeocduse suef aeas of the
disk 11. 20 The disk 11 is rotated at high speed by a spindl e notor
(referret0to astSPdkhepei fiabtmethelBamphe Feadh&2Zmbseat ttAehegeho lanpact uat or
(carriage) 14 serving as a head noving mechanism More specifically, the
head 12 is attachedred aldawpetibeohepdltexeerndirrg froomths RPBr¥imd140 of the

actuator 14. The head 12 npbves in the direction of the radius of the disk

11 in accordanc8r@ft Aft kBer 58BPonf8F théSake@&PHr THSrenhRSCUfhe head -

1 . .
0 variations in the head speed when the open loop

control shifts to the speed feedback control or in
15 the initial head speed when the speed feedback control
starts. The variations cause the head speed to vary
during the speed feedback control.
BRIEF SUMMARY OF THE INVENTION
The present invention has been developed in
20 consideration of the above situation and its object is
to provide a disk drive that can prevent a head from
stopping halfway on a ramp when the head is loaded
above a disk medium from the ramp and perform stable
speed feedback control without relying upon open loop
25 control.
According to an aspect of the present invention,

there is provided a method of loading a head of a disk



12 is positioned on the target track. The actuator 14 includes a voice coi
notor (referred to as VCM hereinafter) 15 serving as a driving source of
the actuator 14. The actuator 14 is driven by the VCM 15. 5 Aranp 16 is
provi ded outside the outer circunference of the disk 11 in order to retract
t he head 12 when the HDD changes into a nonoperating state. Actually, it is
not the head 12 but a tab 144 (see FIG 2) fornmed at the tip of the
actuator 14 for 10 supporting the head 12 fhaf is positioned on the ranp
16. For the sake of brevity, it is described here that the head 12 is
retracted. (unl oaded, parked) onto the ranp 16. The nonoperating state of
the HDD neans n6EiFel pogvet at €lisk WeCdNm Haod sk rPlnpstpstl'reotda}ﬁ]ﬁg 15 but
al so a state in which no access request is issued froma host for a fixed
period of time 8FiVEngdbet he@ghPeRe ISt £9 eadt diqfrﬁ’dfmaéslod’esfdsrqnbed i n
the above Description of the Rel ted Art FIG 2 is view expl ai ni
rel ationship i n261sK BB betREe RS thed aiPre S&ivd pﬁtwgﬁ“ wn | n

FIG 1. Th d t hat te t

the ouier i r cURPEFERCERGR 1 dPER. ETeaberd Gorra & qaﬁl@%preé"u%ﬁeeg. ven
iti ks | ted te f th 44 T 144 2 d at

nglt:gno SthgC aggeﬁglgﬁ%%%l ggf@ﬁ&rnf%Fronr eQEF%??A éﬁéegﬁgfora

14. Th 16._h égﬂ%

The pa?krﬁgparea %@f%ﬁggrgb?ggg ?ﬁg% kh#%h%%thh ?@n¥%% on ghe r

16. The ranp 16f%E5Qh%a%p%eB!E%%dbﬁ%k'%%%t%%ﬁf%%ﬁal@%lékaQQQJEQanﬂﬁ '5
close to the disk 11. The first inclined surface 162 allows the 5 head 12

to smoot hly nmoveatt @hkhe ik@np rléhkr epeabove ddbecii Fonkkoshen ke head 12 is
unl oaded. The ranp 16 al so has a second inclined surface 163 that is forned

adj acent to theipatkialgcan¢aol6iarihe leeconrd espolndsedosanf aeeutd3 al | ows
the head 12 to snoothly nove toward 10 the disk 11 fromthe parking area
161 whenlfhe head t2rirentoddede Rebpiriedg tagdihe tvoilleGeol,]l amofiorottold? is
fitted into an inner hole that is forned in substantially the center of the
actuator 14 andmove [thReheadd firomf iax @@rkingn afied Ie@s &hef raMpo@8imgidf t he
HDD. The actuator 14 is supported rotatably around the |vot 142. The
actuator 14 |ncPuHé§e§ Pe§H86e8 sGﬁﬂ@rFFﬁ@-ﬁP&nétfﬁﬁ 5%6¥¥%ng frame

143 d
coilfxggnlglln e IOHG%@% ?b% Qev r: Pensbﬁﬁ?@d%&ﬁetﬁ? §ﬁ%bort|ng
frame 143. The H e%h%@%ﬁb%cﬁlgbn{roEC|u@%% F%?%@e%hﬁa%%gdié% %ﬁha first

| at ch nmechani sm or regulating an o érationo act uat or e nagnet

latch 178525 pr%&ﬁ%&%ltﬁﬁch%@%sl eB%QE%h%@P%”%o%%Eonv%Q%a%%%pt%ﬁ over the
parking area 161 when the head 1Z 1s retracted onto the parking area 161.
The latch 17a perform the speed feedback control every sampling
time of the speed feedback control in accordance with
a difference between a speed of the head and a target
speed and supplying a current corresponding to the
20 generated control variable to the voice coil motor.
Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
25 invention. The objects and advantages of the

invention may be realized and obtained by means of the

instrumentalities and combinations particularly



- 12 is therefore located so as to |atch one end of the V-shaped
supporting franme 193, which is close to the disk 11, by the magnetic force
t her eof when the head 12 junps out of the ranp 16 over the parking area
161. 5 The HDD al so includes a magnet latch 17b as a second | atch nechani sm
for regulating an operation of the actuator 14. The nmagnet |atch 17b
prevents the head 12 from junping out of the inner circunference of the
disk 11 and colliding with the SPM 13. The'latfch 17b 10 is therefore
| ocated so as to latch the other end of the V-shaped supporting frame 143,
which is far fromthe disk 11, by the magnetic force thereof when the head
12 junps towar deehatspvers deseiprd tedner circunference of the disk 11. The
| at ches 17a and 17b_15 need_not be na%net | at ches_or | atch nmechani sns using
magnetic force. BRIEEXBRPIRIPTHSY QEanTHe AEXRRALCHIEVAtOR ABEnRRPAYANG
Furthernore, the supporting frame 143 need not be in the shape of the
letter V. The SPM 13 1Bfd Ry A P VGl 0 LI M

current and VCM,current) supplied froma driver |C 18. The driver 1C 18
i ncl udes an SPM‘Hr £ rc%§f%l§ugéwﬁdpﬁ55ro%8f,eaﬁgegl%égﬁgéﬁﬁ“voltage

det ect 83. Tk P i [i - SP
dgs?gng:eé by aqgﬁasgkg%%v?hgégéwg%gg ?§S$%% @gﬁgg%ﬁgé? g%# |Q§§ an

f VCM - i d . back EM-
Foltage et oot of g cHET §EAaThe] dkcriB e S1ved B AN h e D e

head 12 is connggtedite ackezdpkConhe®d taplembiorli neint@Uigilve20 belitgy,head 1C
20 includes a read anplifier for anplifying a read signal read by the 5

head 12 and a Wskt@ecampl ekpehihotheopyrahiciipg ewr otfe tthat d niviein iwni.t e current.
The head 1C 20 is connected to a RFRWchannel (read/wite IC) 21. The RW
channel 21 processes Ri&.i dud st wpéd oafk sligiadasn sHuwsirgy gnadorpricnesst i

i ncludes a process of converting the read 10 signal anplified by the head

| C 20 frbf anal o Bohdirgi sk Tmévei gagorgiodess ng emdodimenides &her ocess
of encoding wite data and a process of decoding read data. Further, the

si gnal processi R§ePREFudeyeRPPHeess of extracting servo data from15 a

b nary read o1 9ns) | esponse o 0m.b W SLANRL, (AL eLane) generaeo
and HOC (di sk coptrobler) (28, Ihe J03LGorAY B2 SBAUAAELS 0T WMl
disk drive shown in FIG. 1.

15 FIG. 3 is a diagram showing that an initial
control variable used for speed feedback control is
stored in a FROM of the hard disk drive shown in
FIG. 1.

FIG. 4 is a flowchart showing steps of head load

20 control of the hard disk drive shown in FIG. 1.

FIG. 5A is a graph showing an example of
variation of head speed with time at the time of head
load control of the hard disk drive shown in FIG. 1.
FIG. 5B is a graph showing an example of
25 variation of VCM current with time at the time of head

load control of the hard disk drive shown in FIG. 1.

FIG. 6A is a graph showing an example of



20 detected by the RFWchannel 21 and holds it such that the CPU 25 can
read it. The gate array 22 generates various timng signals necessary for
reading/witing data fronfto the HDD and detecting servo data by the RR'W
channel 21. The gate array 22 includes a register 25 group (not shown) for
control. The register group is assigned to sone of nenory areas of the CPU
25. The CPU 25 reads/wites data fromto the nenory areas - 14 to which
the register group is assigned, thereby‘coﬁtrélling the gate array 22 and
HDC 23. The HDC 23 is connected to the host (host systen) using the HDD
shown in FIG 1 and to the CPU 25. 5 The host is digital equipnent such as
a personal conpifegiatina RBCh2adhspess mWittdr fldae edntthe Fimeetdfon of
receiving a command (wite conmand, read command, etc.) fromthe host and
control | i ng dat &cgFareper cBEREAN Otthé REOTarkd tHDG B Aifte FHEY L3 10 al so
has a di sk control function of controlling data transfer. between the disk
11 and HDC 23 t hr ough iGhe OB Woc Ra9F@P SNOPHACHRY 2k &its a FROM (1 ash

read only nmenor 251, a RAM (random acces nmory) 252, and an 15 ADC (AD
converter) 253.%)?%53%%% g?lvlg: EY & é’&?‘@n&dﬂ%laﬁﬁ%@ YV hat
previously stores _contral prograns tq,be_execute t he,.CPU 25. The RAM
252 provides a %8?% EP&§ Sgngﬁgﬁcﬁé % eaﬁ§lfﬁéaﬁﬁkgénéhg%ﬁﬁ[é%l%ﬁ'a

t enperature sensor 26..for -sensi.ng-t : r t HDD i s
connected to the inp%tIGgf 7t ﬁ% R&lgﬁr@%%@% sgt_o verts a detect | on
output of the ta@a%&ﬁtmriggs%ﬂs%i%@allntc%nacrqﬂlglvtaadia%waisedm% CPU 25 is a

mai n controller of the H The CPU 25 controls the other conponents of the

HDD 25 in accor ¢apceawdt Aike deartr ghopmograng st ared in the FROM 251. For
exanple, the CPU 25 perfornms positioning control for positioning the head

12 within - 15 a tFages tilsaek diaseGnosHdwe mp st i nalp iafof atdare
extracted by the gate array 22. The CPU 25 al so perforns head | oad control
for | oading thesheadtizeabdvent heidiigd Tbnfinmomh tvee rsdrie Iabilee rs tdre dHDD
shifts 5 froma nonoperating (idle) state to a normal operating state. The
CPU 25 al so per fior rbec ROMob £f ¢r modlidddiatg orhdohddt I rshtdd tdhalniaregp 16
from above the disk 11 when the HDD shifts froman operating state to a
nonoper ati ng st 887 A0t f&Cpr dsent embodi nent, speed 10 feedback control is

used for the head Io?ﬂt control. The s eedcpf edback control is executed
based on the speed of ‘e “hddd alﬁ(%ég}frs &Z}ﬁ“’.”ﬁ%é%eaoo gt Lonput ed
fromthe back E ol,.t.age te . - Itﬁge ct.or, 183 in
the driver IC 182 51?%g F%ﬁ%?%ﬂ §§F§95@®13§E§ﬁ§g§ %%? conggﬁ%F(#hﬂiia

control ygriabl g);Rnteg( ) i4sedq nqthe speed feedback control is stored in
advance |Yn an areé%Sla 0 tlﬁ‘e FROM 251, as shown in FIG 3. An operation

of the HDD shown in FI G pdraitipnons@Rrberdeseri be, rivekiveaohe head | oad
control for |oading the head 12 above the disk 11 fromthe parking area 161

of the ranp 16 as anzexamal elisk rdxtivd heiDoveradewdifng e haad | oad control
will be summari zed. When the head 12 is noved (| oaded) above the disk 11
fromthe 25 parlembgdameatl16f, thiee pCRYe2d dorvsuteéra widdt maiw \oagr i abl e
necessary for the novenent. The CPU 25 sets the conputed control variable
to the VCM dri véestgibed withjgeference to the accompanying drawings.
20 FIG. 1 is a block diagram showing a configuration of
the hard disk drive. As shown in FIG. 1, a disk
(magnetic disk medium)} 11 has upper and lower two disk
surfaces. One or both of the disk surfaces of the
disk 11 serve as recording surfaces on which data is
25 magnetically recorded. A head (magnetic head) 12 is
provided for each of the recording surfaces of the

disk 11. The head 12 is used to write data to the



the driver 1C 18. Thus, the VCM driver 182 supplies a VCM current, which

depends upon the set control variable, to the VCM 15 to operate the VCM 15.
Consequently, the actuator 14 is driven and the head 5 12 supported by the
actuator 14 is noved in the direction of the radius of the disk 11. If the
VCM 15 is operated by the supply of VCM current to the VCM 15 fromthe VCM
driver 182, it generates a back EMF voltage. The back EMF voltage 10
detector 183 in the driver I1C 18 detects the back EMF vol t age generat ed
fromthe VCM 15. Then, the detector 183 converts the detected back EMF
voltage into a digital signal and transmts it to the CPU 25. The back EMF
vol tage of the diGhk 15! ctiatesporeerdbndb ahe spedddefrat Reomedtle12 (head

speed) as described in Jpn. Pat. Appln, KOKAI Publication No. 2001-155455.
The CPU 25 det é%%%k(lcjomb&*é%)r@w%%a%?-thétah%ua%\m@;d tAcFR8i ng the

VCM 15 on the basis, of the back EMF voltage of. the VCM 15 detected, by the
back 20 EMF vol 2Rt etk n B3 THe EB%edlo?h?ﬁetﬁg?%afﬁrgiﬁkc FFgéponds

to that of the head 12 (head speed) supported by the actuator 14. Then, the
CPU 25 comput es SRS O SRILEIG SR Fho YONPIS SUChe HBEVErBEpRatSol ( ne
head 12 reaches a {arget, speed,. based, 25 on the L d _head speed. As
descri bed above Q#}%r%%h%ﬁmdjrgﬁ?—'l@ ?h? c?ﬁ%egg?iggégean?e@aback control
systemto cause%%g@hépeed of the head 12 to reach - 17 a target speed.
Head | oad control using the above speed feedback control systemw ||l now be

described in detail aigh,refergnse Lortbeatbouchapt sshown bigEKG 4. First,
5 the CPU 25 sets a variable k'indicating sanpling tine at the initial

value 0 at the sd@rd1 0§ fhecheaghidpath condr@ls¢seeplplat Foghiathe CPU 25
sets the initial value (initial control variable) Rcont(0) of an anmount of

control Rcont (kintewvabs i g ehd/GM ceict both sfipphé edi #6uhbetbrcYCHELS to the
VCM driver 182 (step S2). The initial value (initial control variable)

Ri nt eg( @0 of antlamodiwk ofl comewvo Riatzglik) recseddeéd theegpkedff trelback
control is used for the initial control variable Rcont(0)~ The initial
control variablsent R¥Ray(D)0is Trereerve dabvantecindederasehionad of the
FROM 251. |If the CPU 25 sets the initial control variable Rcont(0~~ the VCM
driver 182 supptiEaridelomasestiny t et VERBEuFePRRECLhEP BepenbReupon t he

initial controlh20 V. iaéole Rcont (O tokthgre Y. Oper ting.rhe YGM 15. The
i1 3l cont roln¥a G| B i BEYDY LEEEH o850 HET rrerdl PROREFSP Uk i abl e
Reont (0) 1's presgle dly SUSTL VA4S A% 1Re2811 5T LREnT Q! LW R £oRgLtion.
15 of the target track. A user data area is formed
between adjacent servo areas 110 and includes a
plurality of data sectors (not shown). A number of
concentric tracks 111 are formed on each of the
recording surfaces of the disk 11.
20 The disk 11 is rotated at high speed by a spindle
motor (referred to as SPM hereinafter) 13. The head
12 is attached to an actuator (carriage) 14 serving as
a head moving mechanism. More specifically, the head
12 is attached to a suspension 141 extending from an
25 arm 140 of the actuator 14. The head 12 moves in the
direction of the radius of the disk 11 in accordance

with the rotation of the actuator 14. Thus, the head



" The condition is that the initial control variable 25 Rinteg(0) corresponds
to a VCM current val ue enough to cause the head 12 to escape (nove) from
the parking area 161 of the ranp 16 by the next sanpling tine - 18 (k=1)
after a |lapse of a one-sanpling tine period T. Naturally, the initial
control variable Rinteg(0) corresponds to a VCM current val ue enough to
drive the actuator 14 by the VCM 15 against the force of the 5 latch 17a,
the static friction between the head 12 and the parking area 161 of the
ranp 16, and the like. The CPU 25 counts the one-sanpling tine period T
using a tinmer (not shown) to advance the sanpling tinme k by one (steps S3,
S4 and S5). Then? tikepCRUt25nkd det adtes thhespdeth dheadspesuattytkk) of the
head 12 at new sanpling tine k (step S6). The head speed Vh(k) is detected
(conput ed) fromid vakdedesi g vallogp cormlemoddryvalngdersfed He B WIMWF vol t age
of the VCM 15 that is detected by the back EMF voltage detector 183 15 at
the sanpling tiherrRinpdters loaseriRg semd idid Hinte ek ithe (k = 1).
The CPU 25 conputes a speed difference (differentjal speed) Vdiff(k) by the
fol | owi ng equat R6&VUESPEp 187) : TG GhPRHOT i4VHGk$hU“W¥hFébﬁh?.Vq4)1®mere

Vtarget is a target speed. As i,s apparent,fraomithe uati,on (1), t he

di fferentPal speed Vél% 5% g (ﬁp Véfcgeﬁjcé’ Sjtcr?e tﬁg%oo%tp%red Vh(k) from
the target speed.Vtarget at th resent .s l.ing tinme k. Th U 25
eval uates a nemF&5ﬁPPgFr$§FFa8%e% Fn?@&#&ﬁ?péf‘?ﬁéh%%é§%ﬁ%§:5%%1&P time k

by the follown uabi S ' - Riint eg - iff (k) 1G9 +
Rinteg (k-1) . .ge.gg( ;% \%hﬂgélett%%r e%%})eggﬁtng%% g‘}ﬁtg’ %fél%)fcekl(%%n of the
speed feedback centkol gystemand ;Vdiiff ot G LRt 8% duwalde Lhtaiyed by

dividing the differential speed 5 Vdiff(k) conputed in step S7 by the
f eedback gain G(see FIG. 2) formed at the tip of the actuator 14 for
10 supporting the head 12 that is positioned on the ramp
16. For the sake of brevity, it is described here
that the head 12 is retracted (unloaded, parked) onto
the ramp 16. The nonoperating state of the HDD means
not only a state in which the disk 11 stops rotating
15 but also a state in which no access request is issued
from a host for a fixed period of time or longer
though the disk 11 is rotating, as described in the
above Description of the Related Art.
FIG. 2 is a view explaining a relationship in
20 structure between the ramp 16 and actuator 14 shown in
FIG. 1. The ramp 16 is provided in a given position
that is proximate to the outer circumference of the
disk 11 as illustrated in FIG. 2. The given position
is located on a route of the tab 144. The tab 144
25 is formed at the tip of the suspension 141 extending

from the arm 140 of the actuator 14. The ramp 16

has a parking area 161 in which the tab 144 stops.



In other words, the CPU 25 conputes a control variable R nteg(k) by adding
a control variable Rinteg(k-1) used at the last sanpling tinme k-1 to
vdi ff(k)/ G The CPU 25 cal cul ates a new control variable 10 Rcont(k) at the
present sanmpling time k by the follow ng equation (step S9): Rcont (k) -
Rinteg(k) + Vdiff(k) ... (3). Mre specifically, the CPU 25 conputes the
control variable Rcont(k) by adding the differential speed 15 Vdiff (k)
calculated in step S7 to the control variaBdl e Rinteg(k) obtained in step
S8. In step S9, the CPU 25 sets the control variable Rcont(k) to the VCM
driver 182. Finally, the CPU 25 determ nes whether or not 20 the R'W
channel 21 det ethe perkbdndabacbhsiép Bad6) a Thicsesdeber mhiahi ahei heamda 2by
checki ng whet her or not the gate array 22 holds servo data. If the head 12
does not read sksvbeddtan the gamp afrayThe dewmp A6t ahsbdhser wo fdatsa and
thus the CPU 25 determ nes that 25 no servo data is detected. In this case,
the CPU 25 det eiRfhéBeghatrfpechéad ap @@@seﬁdttpéﬁ Fsachogbote the di sk 11
and returns to step S3 to_continue spee 20 feedback control for the
head | oad cont r@étSXThé- heEHe1§1F§5dén§é#08ddépaf§66n1éﬁdaééﬁy§q@@ﬁt|y t he
FVVVchanqg 21 detgc ? servo dg i In this se t he gPU 25 deternlnes t hat
the head A2 escBp@ oﬁ?tﬁ@og b VkWﬂ&eaFQa Glréﬂptﬁ fERP 2BOYRd th€aches

bove the di sk ds, the CPU 25 det that the head 12
sl aded aboveltHE bFoSE FPBNTERY FAnpo 1o 1?§g%gg‘uf‘§§ t RaLPCdfipl et es the

head | gad cont 10l oo Mgl at bakonli AL sREN SROLLEL h3adong.! 9Rus,Lhe 10

head 12 to a given track> (cy on t ur & 0f tThe

f oregoi ng head £&?§c€HBtEQ|tHE bQ?kPﬁSSQPEae@@Qd'”?HE @bkbneelﬁ%iggb ed as
conpared with that of the prior art, With reference to FIGS. 5A an B and

6A and 6B. Fl Csubfaand15B showwantexansha 15 b ¥Abbahl @NBoot Readrgpeed
with tine and that of variations of VCMcurrent with tine, at the tine of

the head d oad conér@lskenbodipent thél £E8rk6Agandc6B1showhan YREi akkang 2of
head speed with tinme a 20 variations of VCMcurrent with tine, the tinme of
the head | oad comtiokdefl.respectively, of the present exanple of zd that of
respectively, at the prior art. In the prior art shown in FIGS. 6A and 6B,
open | oop control isRpéersingdabpdém spaFilbnglti meptivotofl 42héshéad tledad
control until time t12 after a | apse of .25 a predeterm ned period of tinme
Tl. Inthis opehnF%o%ncbﬂP?BlhoéepFE@EtéFnfﬂEHeQCRPCEPPéﬁPnEéa%&ﬁth@d to
~the VCM 15 |rres§egt|ve ter the time

t12, the open |Top-Ehntf %hgh?F ga Srtié geagﬁeiaﬁﬁﬁkeeénﬁfoFlFﬁgt is
e AT e e et (KL g ool
the above equatj@nguf@drted rotatably around the pivot 142. The
actuator 14 includes a V-shaped supporting frame 143.
The supporting frame 143 extends in a direction
opposite, to the suspension 141. A coil (VCM coil)
20 151, which makes up part of the VCM 15, is fixed on
the supporting frame 143.
The HDD shown in FIG. 1 includes a magnet latch
172 as a first latch mechanism for regulating an
operation of the actuator 14. The magnet latch 17a
25 prevents the head 12 from jumping out of the ramp
16 over the parking area 161 when the head 12 is

retracted onto the parking area 161. The latch 1l7a



and (3), the control variable Rcont(1l) used at the starting time (k = 1) of
the speed feedback control is expressed as follows: Rcont(1l) - Rinteg(l) +
vdiff(l) 10 - (WMdiff (1) /G + Rinteg (0) + Vdiff (1) . . . (4) According
to the prior art, since the actuator 14 does not undergo the feedback
control during the tine Tl, the head speed varies fromthe starting tine
t12 of the speed feedback control to the starting tinme t12 15 of the speed
f eedback control. In the prior art, thereflére” 0 is used in the control
variable Rinteg(0) at the starting tinme t12 of the speed feedback control
and, in this case, the control variable Rcont(1l) at the first sanpling tinme
(k = 1) is givensashénkFomws 20c&tedh tbheaabbtwveletuat bor edY: oRcahe (1) -
(vdiff (1) /G + vdiff (1) . . . (5) It is apparent fromthe equation (5)
that the controV-vhepadl suRpontiny Esawer y48makhichf ist hépekote, thiee
control variable Rinteg(0) is set at 0 in order to 25 shift the open | oop
control to the épekdlfectbathRecBagrerict herrai thareedr vean Ghkudest t he VCM

current is approximate to zerq. In the prior art, therefore, - 22 alot
of time is requlfeduFBSoBEhi AT atRENEBTPr &fit ONEEeS88r PAFELNAeaERPNG Cihe
t t d, h in FIGS. _6A d 6B. | h i t sh in FIGS.
6A and o8 the Inepdtl pleabiek!BHRer oI BRABFEalBL e edd SpasdoPFom time
t 12 when the open_| .00 cgntrol nds unt#l tine t14 mheE.the ge%ngpeed
reaches the targ%chpﬁga.a?hs?h§°§p58%u 854BEcR cBREFBF oM PEGFEEI on
trol start I he_injti 1 i I
Rnteo(0) (- o)=reTbka Loy ie MeSHet EarEh' 13b BERVERL S RntThsRe ©

imedi ately aftes themsperdifigedhackecentr Ohnst-art $cuherhfad speegde Which
i ncreased due to the precedi ng open |oop control, lowers to nearly zero

because of the gheoktagean ¥YEM 1&igyrwephsthdhgphead.12Theosgscspeey
accordingly. After that, the head speed increases again if a sufficient VCM
current iG obt al sethbyefbeespeedtédedbagk conflaeth thecenheastndaegor di ng
to the present enbodi nent, 20 the speed feedback control is used fromthe
begi nni ng of thehdéeddshapddconppotrtasgdésemebéd3abwheéchMbeebduaer fram initi al
control variable Rinteg(0) to allow the head to nove at a speed ot her than
0 is used at theheidsskshhpl Prigthempagretic) fotcenthepeed Rbehe&lback
control. In other wrds, a value necessary for causing the head 12 to
escape from t helpafkifngieres Fe1abd the $§Wpl§6°V§ru§gG iBRethe initial a

- 23 trol iable R nt ~ The, f h ipiti t
vari abl 6 can proVERUTERESERECAr BRBDALRECDAT r of Fr SRFERRFL LA FPAmITRe
initial t - t dj th
Speed f daiback Boatrartr P eAat Bt iens 5F +RECReaae onh s HpSRe ae
shown in FlGS-Iéﬁ%§89i55f0£85.5p?89 Egefiphackeaa)t £Qh BQP@S@ﬁSﬁiEQQ head

speed fromtinme t1l when the head | oad control starts until time t2 when 10

the head speed 1geghesethgnt anget s@seﬂerﬁuféhetﬂerguppbet§ﬁ?edréﬁedback
control starts after a value necessary for causing the head 12 to escape

fromthe parking4arraedbidodfbéhenr ane 16hapesefr 8ket bettsrtizal control

vari able Rinteg(0) of the speed feedback 15 control. In the present

enbodi nent, therefor&a YEM tdr apdt VEMnlbe apeodudsdnabyt Heivahge. Furt her,
the variations in head speed becone small since the speed feedback control

i s al way®0 per f opweHeR kst heFPHegdrroat ebdt VoM. casrshbwnsiaptied SAcmt he head

12 can 20 continue accel erating %betmeen tl _and t2) w thout agBroxinating
the head speed ?0d5&Y8r ofCwi B houtheodF hYespeedlButPRguene ABadPMoad

control. driver 181, a VCM driver 182, and a back EMF voltage

detector 183. The SPM driver 181 supplies an amount

of SPM current designated by a CPU 25 to the SPM 13.

25 The VCM driver 182 supplies an amount of VCM current
designated by the CPU 25 to the VCM 15. The back EMF

voltage detector 183 detects a back EMF voltage of the



The latch force of the latch (magnet latch) 17a is likely to vary from HDD
to HDD. Therefore, a value 25 of VCM current necessary for causing the head
12 to escape fromthe parking area 161 by driving the actuator 14 | atched
by the latch 17a (referred to as - 24 escape current value hereinafter)
varies fromHDD to HDD. Tn the present enbodi nent, an escape current val ue
is obtained at, for exanple, a normal tenperature (25C) for each HDD to
determine the 5 initial control variable (1%itTaI i ntegration value) of the
speed feedback control. The determned initial control variable is stored
in the area 251a of the FROM 251. This process is perforned for each HDD
during the manufV4df dr®e of the HDD. 10 A process of determining the initial
control variable in the present enbodiment will now be described with
reference to the flovidHarheathohh ihH @mmegted tata hppd PO PBeadts a
variable | indicating a VCM current_at the initial value 1O while 15 the

head 12 is par ké@rdd GifF gariGiid lardh 161933 Yam’ Hnqidps 11563 he

Lo escape ( move R TIoH A T GG MRS 6 THH oF SOUF brice S i O ti e
iod T el . b | yi . 2 he MCM 15. f th

OaM ari ves 1ao. Barh 1% R Wb e, el AR (P, St ity (e

Ri nt 0)) ~ whi - - | T ,

the VOM it ver T4 rioid e o e e B S 2 bt Ter Ta2

25 supplies the {VCM o wi dih i MCM U] At MM10KE) A T enfhyad kg dnshepends

upon the set control variable Rcont(0) to thereby operate the VCM 15. In

other - 25 wordgrddes{dd) 2 il tie £t rodlgivard ablen Reost gl (-
Rinteg(0)) to the VCM driver 182 to try to cause the head 12 to escape from

t he parking areaprfdesdfirddendmues.a prAfdess tdbtgonher Gy 2ohavatdsd unti |l a
one-sanpling tine period T of the speed feedback control el apses (steps S13
and S14) l&nd detsicirsala dwald Spebdwhiles ierd hEC s @pfSen (sta&jo$ls) . Then,
the CPU 25 deterni nes whether the detected head speed Vh is higher than 10
a preset referert@ispded A (tgnal @roerapisielse fingludesicd hi gher than
Vth, the CPU 25 increases the present current value |I by a predeterm ned

val ue (i ncrenentdrIseS St FCHIIRH A IERS P ek 3 RIFEI 2P 512 again

b d th | | . that is, i by ~I.. If,Vh is higher,th Vit h,
Che  CPU 25 det ertGRs T e A e ek Ut o il T2 ] PERCRCEH. cur r o
val ue of the coryesnondi ng KR Jhe, O 25 8L Q1ES. 41, SoNLL ok yar 1 abl e

(integration
15 a binary read signal in response to a timing signal

(gate signal) generated by a gate array 22.
The R/W channel 21 is connected to the gate array
22 and HDC (disk controller) 23. The gate array 22
extracts positional information from the servo data
20 detected by the R/W channel 21 and holds it such that
the CPU 25 can read it. The gate array 22 generates
various timing signals necessary for reading/writing
data from/to the HDD and detecting servo data by the
R/W channel 21. The gate array 22 includes a register
25 group (not shown) for control. The register group
is assigned to some of memory areas of the CPU 25.

The CPU 25 reads/writes data from/to the memory areas



val ue) corresponding to the present current value I 20 in the area 25la of
the FROM 251 as the initial control variable (initial integration val ue)
Rinteg(0) (step S18). If the HDD is used for a long time, the surface of
t he parking area 161 becomes rough; therefore, the 25 static friction of
the parking area 161 is likely to increase. If the HDD is not used for a
long time or if the actuator 14 is latched by the latch 17a for - 26 a
long time, the force necessary for releasihg The actuator 14 fromits
| atched state is likely to increase. In this case, the above escape current
val ue increases, too. If the escape current value 5 increases, it is
difficult to cawsehtiled Héed regitsdequigddup dst fFs fgnmd t Hhazalyy 16 even
though the initial control variable (initial integration value) Ri nteg(O0)
correspondi ng tconte ldsegpdheugeditt ardlave ZhtaichéPdwii ng t he manufacture
of the HDD is enployed 10 at the start of the speed feedback control.
Taki ng i nto consi der&i9 PG dAriattBMNeFH S cepetrarhent (s swikenr) ne,

the initial control variable determnination process according to the
|52501

flowchart showtSiRdrtae 700N ¥ drifed ¥ @ %kdh TR (98 iZxti on of the
HDD t hat _15 i d Start - f the HDD. Th the latest initial
cont roFl var i QEITE‘%rRls’Oﬁ%gS(lﬁ;J%g%ﬁiﬁW g 1@3“%%?? ,asé\iagsrpetwe}wat ﬁ: eIS(r:]:aplea
t I i ith ti d_ 12, b dt i ckl
current val ue vari esce\%ng | r,llth|[ehr’rle;mnctelegj I?lea% ‘%b l%atnetraé V\C/:a \sﬁ]onemlp?a]luse 0 quickly

escape fromt heco}né’rﬁ) I"oad contro en e initial

control vari ablf%nq:%ti%r m'or}atrie iRFQGE Id;a q.{c{ of, q:ef chj)nﬁr?ﬂh,i rgeta{dall i zation

of the HDD, the |n|t|§1 control varia nt eg( need not al ways be

stored in the FROM25] Rt garLm sy ebdthar® Gontlhel BAM 2R%&a 25 The

f oregoi ng enbodi nent is based on the prem se that the escape current val ue

hardly varies wirdnstthe temmecat e ofodtherrkdDBipdH@®eyverthd hipd adxh force of
- 27 the latch 17a and the resi stance of the coil of the VCM 15 have

t enper atlor e depdsdemes andlisk dasstrdie fasgspercwf exdntvad lieindRefara i ng to
FIGS. 8 and 9, a nodification to the present enbodinent will be 5 described
in which the i rirsinslfeqoipertoleerarihebld s ntlegr®) HReR Atthrmugt ditte of t he
speed feedback control for head |load control is corrected (determ ned) in
accor dance wi t R/theha@msdr Zlure of the HDD. FIG 8 is a di agram showi ng an
exanpl e of a data 10 structure of an initial control variable table stored

in the FROM 251, andi8 &Y 4% @Ht0\Rh & t(FEMOw e et Seps of the
e LS Gl A AP A e A B AL
I 30 gl GOSN R R Bt 19 S i ddigd 01
ltglrr;) Ie?!at ﬁfgts rgglo\ggidfl%tﬂni]ﬁﬁg‘n@nﬁ&(ﬁ)tﬂa% sy Do) i nad e gach of the
programs to be executed by the CPU 25, The RAM 252
provides a work area of the CPU 25 and the like.
The output of a temperature sensor 26 for sensing the
20 temperature of the HDD is connected to the input of
the ADC 253. The ADC 253 converts a detection output
of the temperature sensor 26 into a digital signal.
The CPU 25 is a main controller of the HDD.
The CPU 25 controls the other components of the HDD
25 in accordance with the control programs stored in

the FROM 251. For example, the CPU 25 performs

positioning control for positioning the head 12 within



the initial control variable determ nation process according to the
flowchart shown in FIG 7 while changing the tenperature environnent of the
HDD. According to the nodification to the present 25 enbodi nent, the CPU 25
reads the tenperature TEMP of the HDD sensed by a tenperature sensor 26
t hrough the A/ D converter 253 at the start of the head | oad - 28 control
(step S21). Then, the CPU 25 conputes an initial control variable R nteg(0)
at the present tenperature TEMP read i step S21, using the initial contro
vari able table stored in the area 251b of 5 the FROM 251 (step S22). For
exanple, the following linear interpolation is used for the conputation
performed in stept82getAssamk biasted v phes @os ittdipperlatinn rMENF dral | s
bet ween tenperatures TEMPI and TEMP2 of the tenperatures registered in the
initial 10 cont egltragtiedbly talsl @atien agiiPer AWor dsSheassiheg X atSOTEMPI < TEMP
< TEMP2 < TEMP3. In this_case, the CPU 25 conputes the initial control
vari abl e Ri nt egPEY forae heasptiopgmcantied Fogsdmedidghdihs BreRdredP, since
the initial control variable falli wi.thin 15 t enperature range from
TEMPI to TEMP2 RRSVE hE&r dﬂéﬁpaﬂatﬂ%@ aF@ff@riaisﬁt when ?Eﬁi‘eoﬁ@r {E t he
CPU 25 copputes_the initial control variable R nteg(0) that, i s opti.num at
the preseRt tenpEPit fr BOTERSTR) Iitdar et EFticaticon (S oads e 1 t i a

control 20 variaghles at Ttn%nﬁ%'batz%r %ﬁ es'ggili%re%g}gﬁT%Zm Mhen, the l%Pléjt%%e

conputes the initial "confrol " varia IS optinuma

present terper at e nTEWP 151 o81ep (522 o Y LOTHP iR P1a6ES8 A She head

| oad control starting in step G 4. 25 The initial control variable

table can be upgakedth¥ H®DYshiiftst ifdldniag otﬂ&afdfj?lagd siGansiwderati on of
variations in escape current value with tine. - 29 As described bel ow,

the above |ineahocngberpelialy @tatan banuserd tpreasedat et alspee rol
Varlablelo feedback control is used for the head load control.
The speed feedback control is executed based on the
speed of the head 12 (head speed). The head speed is
computed from the back EMF voltage detected by the
back EMF voltage detector 183 in the driver IC 18.

15 The initial wvalue of an amount of control (initial
control variable) Ripteqg(0) used in the speed feedback
control is stored in advance in an area 25la of the
FROM 251, as shown in FIG. 3.

An operation of the HDD shown in FIG. 1 will now

20 be described, taking the head load control for loading
the head 12 above the disk 11 from the parking area
161 of the ramp 16 as an example. First, the overview
of the head locad control will be summarized. When the
head 12 is moved (loaded) above the disk 11 from the

25 parking area 161, the CPU 25 computes a control

variable necessary for the movement. The CPU 25 sets

the computed control variable to the VCM driver 182 in



table. By performng the initial control variable determ nation process
according to the flowhart 5 shown in FIG 7 in the initialization of the
HDD, the CPU 25 conputes the initial control variable at the tenperature
(present tenperature) TEMP of the HDD. Then, the CPU 25 conputes a
difference between the initial control variable at the present tenperature
10 TEMP and that obtained by the above |inear interpolation. The initial
control variable table is thus updated byl&dding the difference to the
initial control variable of each of tenperatures TEWMPl, TEMP2, TEMP3,
registered in the table. The updated table 15 is the latest that is
suitabl e for tHé@ramsiermr stGtls of Thies HOhe ACDSrdi hver ol 8hesappiigsirati on
shown in FIG 1, the tenperature sensor 26 is connected to the CPU 25.
However, the sens&iM 2Bixzentbe Woktlecierends t rORyaklke 20eire@ytp@land, in
this case, the CPU 25 reads the tenperature sensing results of the
t enper at ure serfsdriasl e hriughe hEate %ﬁr%@e%’@e&g}é%r\ﬁ%gl%o t he above

enbodi nrent and nodification, the present invention is a rg<:~1i ed to 25 an HDD

(hard di sk dri VORSSBRRVEYY: i tPeAF TP EYDI T ed T A5 TR i ¥ee ReRe t han

t he HDD, h t tical dri if jt h ly to i,nclud

on. - 36 whi crp FIREE TR Y OrET G Ut b AV sk nEf um i s par ked.

Addi ti onal advaﬁt l&gdﬁmg ilc i’@gsofvib]tle rcgi’;\g]i(lyl occur to those skilled
el S

in the art. Therefore, nvention 1n | roader  aspects is not

limted to the specifjcedetwhys; andsrSpseseasabi V@h@”@ﬁﬂfn%‘y’”&f $eawn and

descri bed herein. Accordingly, various m)d|€| cations nmay be nmade w t hout

departing fromdhe Spirid ©fe Seape Dfridie gener@h arvestive copeept as 10
defined by the appended clains and their equival ents. - 31 WHAT IS

CLAIMED IS 1. dereidwsk of BaoainMr avdieesh®f arisd ska¢lk | mer aboveage di sk

medium froma ranp of the disk drive |ocated outside an outer circunference
of the dicssk 5 nitienor hes heqd ties ndrirsed 10 I #®adetodos neltée dvadk cBMF he di sk
medi um the nethod conprising: performng head |oad control to | oad the
head above t he Wilslkegrediem fated t freom anpe BYCM peed fBreibackheomefettox he
perform ng including generating a control 10 variable to performthe speed
f eedback contrdi8dvaVesEihdl thry d9krcHrd thhrck bl YebtRgekitbttrol in
accordance with a di fference between a speed of the head_ and target speed
and suppl yi ng & AFFERL HFRh N A5 HeS gbherat c%ﬁt’r ? variable to
15 a voi ce coil,,not.or t]:kr@,voi e coil t or rving as a driving source of
an act uat or vvhiTc}he skffpdplf)r the %v% ?yvﬁ %ér‘g%?ﬁ?s%?r}%%ﬁ%n of the
di sk ”Eq%u”‘ a%%e speed of the head 12 (head speed) as described in

Jpn. Pat. Appln. KOKAI Publication No. 2001-155455.

The CPU 25 detects (computes) the speed of the

actuator 14 including the VCM 15 on the basis of the

back EMF voltage of the VCM 15 detected by the back

20 EMF voltage detector 183. The speed of the actuator

14 corresponds to that of the head 12 (head speed)

supported by the actuator 14. Then, the CPU 25

computes a control variable of the VCM 15 such that

the speed of the head 12 reaches a target speed, based

25 on the detected head speed. As described above, the

HDD shown in FIG. 1 includes a speed feedback contrel

system to cause the speed of the head 12 to reach



supplying a current corresponding to an initial 20 control variable to
performthe speed feedback control to the voice coil notor at a start of

t he speed feedback control, the initial control variable corresponding to
an amount of current to be supplied to the voice coil notor to nove the
head froma 25 parking area on the ranp during a predeterm ned period of
time fromthe start of the speed feedback control until first sanpling tine
of the speed feedback - 32 control. 2. W mét hod according to claim1,
further conprising detecting a speed of the head every sanpling tinme of the
speed feedback control based on 5 a back el ectronotive force voltage
gener at ed from Bhé&aveetesesed -notor. 3. A method according to claimi,
further conprising: nmeasuring the initial control variable during 10

manuf acture of the difi§addrliops cond roloMisigd HE et FRFRT ifae ¥ ol
variable in a storage_unit. 4. A_nethod, according to cl further

. im3,
conprising: 15 FEASEPINGYRTEEnpYELdt BPY bE Ofe ddr’invglegtala} & of the
d feedback trol; d t i ni pnitial | dahle to b
o6d at “the. ot afe 6Fre Sheli ot dAaHSORT R0 Has o dhe MR ed
t t d,the .initi.al trol ihahl e, .st.qr. i : it.
5 A et hBd accBPl FG0t erst 3. VARAABLY tha Tt AT S SHFaE b b A

measuring 1 ncl Uges paunpliving. @,0uel b et AN cial o Qo HAO! iy the

predet erm ned perio in order to nove t hea e parking

area on the r a”Ebn@%b@?t(isFEQpa Si@@eg?’fﬁtent,h%h@?%@tﬁfz@rse%é e i9fi thihe
0

predet erm ned period tine; - determ ni ng whet her the detected

speed of the hegdiexcqadstaaneleneree $2eedbleaUR NG (08 SUPRIY i@ aft
current for the predeterm ned period of tinme to be performed again by 5

changi ng an anouift cohttrbd &Y Lerntk)wied iclhd ictet ec Ve smpeedndf stipge lheatl does
not exceed the reference speed; and
10 to the VCM 15 to the VCM driver 182 (step S2).
The initial wvalue (initial control wvariable) Rinteg(o)
of an amount of control Rjnteg(k) used in the speed
feedback control is used for the initial control
variable Reont (0). The initial control variable
15 Rinteg(0) is stored in advance in the area 25la of
the FROM 251.
If the CPU 25 sets the initial control variable
Reont (0), the VCM driver 182 supplies the VCM 15 with
the VCM current that depends upon the initial control
20 variable Rggpt (0) to thereby operating the VCM 15.
The initial control variable Rjpteq(0) used as the
initial control variable Reqpont (0) is preset at such
a value as to satisfy the following condition.
The condition is that the initial control variable
25 Rinteg(0) corresponds to a VCM current value enough to

cause the head 12 to escape (move) from the parking

area 161 of the ramp 16 by the next sampling time



determining the initial control variable based on the anmount of the current
supplied to the voice coil 10 notor when the detected speed of the head
exceeds the reference speed. 6. A nethod according to claim1, further
conprising: neasuring the initial control variable at each of 15 a
plurality of preset tenperatures during manufacture of the disk drive;
storing the initial control variable neasured at each of the preset
tenperatures in a storage unit; nmeasurirngld tenperature of the disk drive
at 20 a start of the speed feedback control; and determning an initial
control variable corresponding to a present tenperature to be used at a
start of the spéedlfeafibackacbmpsel ofbasedeonamhéingasiumedpeenpdr &t.ure and
the initial control variable 25 stored in the storage unit. 7. A nethod
according to clMdatmdalivrthlee tohprasiagntrol BariapdsuRingeyHe)initi al
control variable every time the disk drive starts up; and storing the
measur ed initiatorepsPondyak abl €CH ncarsent ageluni enoggB. ta getHedthe
according to claim7, wherein the initial control variable nmeasuring
i ncl udes: suppl3FhgpeOEUt RY ElethieMvbrcadesnftnbher LPsFet Ré pPEdet er i ned

iod of_ti ' der t t head f th Ki th ,
10 detecting a SR b2t he heateat fors aCFApRaPBHERE prEdBEERNT Aea™Rer i od
foti det 1,0 whet her_th d th d
(et or once. spoodt 'EaRAT R I SUpbl §i Wb bPSCERTREOf OFI0h6 25 pFEdet or m ned
iod of ti tob i h_by, changi : ) t
Whenthe. det oct ed Spiaa orCc ke RaaACaoRetnaneeRenh  ARC PhroPerdB el Hoed and

determning the,inidial e £00ET Ghoachabhe ggssévﬁﬂcgotwesgﬂ{gggggog%fn@e

current supplied to the voice coll notor when the detecte _ the
head exceeds the ¥eferencerspeeds, 954 AaflisEsdri venwhi chheeads ppfornation

from 10 detects the speed (head speed) Vp(k) of the head 12 at
new sampling time k (step S6). The head speed Vy (k)
is detected (computed) from a value (digitally
converted value) of the back EMF voltage of the VCM 15
that is detected by the back EMF voltage detector 183

15 at the sampling time k. In this case, the sampling
time k means time (k = 1).

The CPU 25 computes a speed difference
(differential speed) Vgiff(k) by the following
equation (step S87):

20 Vaifflk) = Vp(k) - Vtarget e (1)
where Viarget 1s a target speed. As 1s apparent from
the equation (1), the differential speed Vgjiff(k) is
a difference of the head speed Vy (k) from the target
speed Vtarget at the present sampling time k.

25 The CPU 25 evaluates a new control variable

(integral) at the present sampling time k by the

following equation (step S8):



a di sk medi umusing a head, conprising: 25 an actuator which supports the
head novably in a radial direction of the disk nmediumusing a voice coi
notor as a driving source - 35 a driver which drives the voice coi

notor by supplying a current corresponding to a set control variable to the
voice coil notor; a ranp provided outside an outer circunference of 5 the
di sk nedium the head being parked on the ranp in a nonoperating state of
the disk drive; means for when the nondbeﬁ&?iﬁg state of the disk drive is
rel eased, perform ng head |oad control to | oad the head above the disk
medium fromthe ranp by 10 speed feedback control based on a difference
bet ween a speed of t e headknd alMargetk)sfded; Rhetpef¥okhi ng- nebdks
including first setting means for setting a control variable correspondi ng
to the differentdelée WearRiesedided SR ithe fraghaily 9k fithe paereds

every sanpling tinme_of the speed feedback control élﬂyd second setting means

for setting an iffiedeack &Y 3I0y &Y sk d didff & ittt $&lekfback contr ol
to the driver at a start _of .the eed f.eedback control by the performn
roane. the. i L Pl AR BG B0 e s A ey
current ta be s lied.to the ., vojce caqil r. t.q nove t.he head. froma
par ki ng a?’ea on%pﬁ%éfr(g(ﬁp C&m%& lﬁ’re%eetpe% %é/d tgéeri%%e%?a?}f 1% om t he
start of the s d f on ide fi i j eed
f eedback 25 coﬁt%%olo.t%%g‘?%i&éfsékt%% \E}eﬁ}acécsordéjlrﬁ%u 0 C a%%%ﬁu‘?%#e%ﬁép
conprising a ba%lélg el ORRL TRy Ge ARl e Wet e Ry 51 36(k WY ch

detects a back el %ot i Ve force vol t age generated froMtHe voi ce coi

not or and wher eigsdde thaHoNEgg SRS i dl iwdesc-neans ¥ of - detecti ng a speed
of the head every sanpling tine of the speed feedback control based on a

detection result of the mK 2 etlamites 4 vioe yattrge deteahde. 11. A

di sk drive according to claim9, further conprising: neans for neasuring
the initial conRQycvani alil ehl) phersemd: resnuflictaurteinod X Hey dilsk drivel and a
storage unit configured to store the neasured initial control variable by
the nmeasuring néadd.owinag galiadkiady i \edec&)di ng to claim 11, further
conprising: 15 a tenperature sensor which senses a tenperature of_the disk
drivel and means for Retrer fnichiarcanikli af Cbinff 0f) vari abl e to b2 set to

the driver by t@En%?%%g%f¥¥ééf¥bjn¥ggsCPU 25 computes the control

variable Reont (k) by adding the differential speed
15 Vqiff (k) calculated in step S7 to the control

variable Ripteg(k) obtained in step S8. In step S9,

the CPU 25 sets the control variable Rgppt (k) to

the VCM driver 182.

Finally, the CPU 25 determines whether or not

20 the R/W channel 21 detects servo data (step S10).

This determination is made by checking whether or not

the gate array 22 holds servo data. If the head 12

does not read servo data, the gate array 22 does not

hold servo data and thus the CPU 25 determines that
25 no servo data is detected. In this case, the CPU 25

determines that the head 12 does not yet reach above

the disk 11 and returns to step S3 to continue speed



~ based on a present tenperature sensed by the 20 tenperature sensor and the
initial control variable stored in the storage unit at the start of the
speed feedback control. 13. A disk drive according to claim 11, wherein the
measuring means includes: 25 neans for supplying a current to the voice
coil nmotor fromthe driver for the predeterm ned period of tinme in order to
nove the head fromthe parking area - 37 on the ranp; neans for
detecting a speed of the head after a Fapg@ of the predeterm ned period of
time; neans for determ ning whether the detected speed 5 of the head
exceeds a reference speed; neans for causing the nmeans for supplying a
current for thefpeddackrabnedopefpsdtbe head ﬂ@aﬁecﬁéﬁﬁ@ﬂnednga%ﬁa@y
changi ng an anmount of the current when the detected speed of the head does
not exceed 10 thé FepeépeRBEVSpEada SRANMBAAsCPBEegECEtHYNithg FH¥ initi al
control variable based on the anmount of the current supplied to the voice
coi | notor whenChpBRBet &kt 68L8FEEISEFVPhE2RBad &RcEEDS CRECr effBfeREN speed.

Toasuring the | APt SFCCOREPT UaF: SBPena2dd PoP SFRESpaSITT SBfback cont ro
G sic drive: "o sborsbeYuRFeBcERTI b BRC: bobPore fRE LAPLTAR EoMYFol Nari abl e
T e b CaBifh e BB RS A FR Db S TR R 2
the head 12 is loaded above the disk 11 from the ramp
16. The CPU 25 thus completes the head load control.
After that, first seek control is done to move the
10 head 12 to a given track (cylinder) on the disk 11.

The feature of the foregoing head load control of
the present embodiment will be described as compared
with that of the prior art, with reference to FIGS. 5A
and 5B and 6A and 6B. FIGS. 5A and 5B show an example

15 of variations of head speed with time and that of
variations of VCM current with time, respectively,
at the time of the head load control of the present
embodiment. FIGS. 6A and 6B show an example of
variations of head speed with time and that of

20 variations of VCM current with time, respectively, at
the time of the head load control of the prior art.

In the prior art shown in FIGS. 6A and 6B, open
loop control is performed from starting time tl1l of
the head load control until time tl2 after a lapse of

25 a predetermined period of time Tl. 1In this open loop
control, a predetermined VCM current is supplied to

the VCM 15 irrespective of the state of the head 12.



means for determining an initial control variable to be set to the driver
by the second setting neans, - 38 based on a present tenperature sensed
by the tenperature sensor and the initial control variable stored in the
storage unit at each of the preset tenperatures, at a start of the speed
feedback 5 control. 15. The disk drive according to claim9, further
conprising: neans for neasuring the initial control variable every tine the
di sk drive starts ups and 10 a storageiﬂﬂ%lcdhfigured to store a | atest
measured initial control variable nmeasured by the neasuring nmeans. 16. A

di sk drive according to claim 15, wherein the neasuring nmeans includes: 15
means for suppl pfhgratoer téme 8 2t h& heojopenc dicopmsaart HalorahidiE sdrtiover f or
the predeterm ned period of tine in order to nove the head fromthe parking
area on the ranﬁhen§§ﬁ§df§ﬁed€@§@tFﬁ@téoépé@@ﬁﬂiﬁlﬂ?qﬁ9£¥%9t¥& 20 a | apse
of the predeterm ned period of tine, neans_for determ ning whether the

det ect ed speed éFCPHQaﬁéédwé%@e@&§daSF@F@rghdé)speQ@Blﬂ%%%;%%W“%au5|ng t he

means for supplyi a,current far.the red of t| 0 be 25
per f or ned againvbggéhéﬁgpﬁ e&ﬁegngﬁﬁﬁ %&' g%?%%FR§% d
speed of the he does nqt. exce r f re yreans
for deterhining@g%eggnltﬁgllgoﬁ%% %gr%ag r%%ﬂase f%@léﬁﬁﬁht of t he

current suppllegnho 5?e %R‘C%oﬁg&BlWQ%QEé@ﬂ%n Onéﬁgeqﬂggigﬂgqﬁmpf t he

head exceeds the reférénce s

A AT AYL. ALEté%%iﬁthéke &k_=A%)A oo ARSI ARDRE MonthdASTsMO. AL
9. A(_. AYr. A" 9. AL A& AL. A{. AL. Ase&. As{s. A AU AsUr. AsU. Ash. Ash. A."A

u18&Eyqu|vvrnhce ggkg@hcakcqbquga]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
cal ca]ca]ca] calcalca]lcalca]ca]calcalcTaUcal = 8

Reont (1) = Rinteg(l) + Vgifg(l)
10 = (Vaiff(l)/G) + Rinteg(0) + Vgife(l) ... (4)
According to the prior art, since the actuator 14
does not undergo the feedback control during the time
T1l, the head speed varies from the starting time tl12
of the speed feedback control to the starting time tl1l2
15 of the speed feedback control. 1In the prior art,
therefore, 0 is used in the control variable Ripteq(0)
at the starting time tl12 of the speed feedback control
and, in this case, the control variable Reqont (1) at
the first sampling time (k = 1) is given as follows
20 from the above equation (4):
Reont (1) = (Vaiff(1)/G) + Vgifg (1) vee (3)
It is apparent from the equation (5) that the control
variable Reont (1) is very small. If, therefore, the
control variable Rinteg(0) is set at 0 in order to
25 shift the open loop control to the speed feedback
control, the initial current value of the VCM current

is approximate to zero. In the prior art, therefore,
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10 10! 6! 109%& ()allow the head to move at a speed other than 0 is
used at the first sampling time (k = 1) of the speed
25 feedback control. In other words, a value necessary
for causing the head 12 to escape from the parking

area 161 of the ramp 16 is used for the initial
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feedback control from starting from the initial
current value (= 0).

5 In the present embodiment that uses the speed
feedback control from the beginning of the head load
control, as shown in FIGS. 5A and 5B, the speed feed
back control increases the head speed from time tl
when the head load control starts until time t2 when

10 the head speed reaches the target speed. Furthermore,
the speed feedback control starts after a value
necessary for causing the head 12 to escape from the
parking area 161 of the ram 16 is set as the initial
control variable Ripteqg(0) of the speed feedback

15 control. In the present embodiment, therefore a VCM
current can be produced as the value. Further, the
variations in head speed become small since the speed
feedback control is always performed in the head
locad control. As shown in FIG. 5A, the head 12 can

20 continue accelerating (between tl and t2) without
approximating the head speed to zero or without losing
speed during the head load control.

The latch force of the latch (magnet latch) 17a
is likely to vary from HDD to HDD. Therefore, a value

25 of VCM current necessary for causing the head 12 to
escape from the parking area 161 by driving the

actuator 14 latched by the latch 17a (referred to as
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escape current value hereinafter) varies from HDD to
HDD. In the present embodiment, an escape current
value 1s obtained at, for example, a normal
temperature (25°C) for each HDD to determine the

5 initial control variable (initial integration value)
of the speed feedback control. The determined initial
control variable is stored in the area 25la of the
FROM 251. This process 1is performed for each HDD
during the manufacture of the HDD.

10 A process of determining the initial control
variable in the present embodiment will now be
described with reference to the flowchart shown
in FIG. 7. First, the CPU 25 sets a variable I
indicating a VCM current at the initial value I0 while

15 the head 12 is parked on the parking area 161 of the
ramp 16 (step S11). The initial wvalue I0 is a design
VCM current value enough to cause the head 12 to
escape (move) from the parking area 161, before a
one-sampling time period T elapses, by supplying the

20 VCM current to the VCM 15 from the VCM driver 182.

Then, the CPU 25 sets a control variable Rggnt (0)
(= Rinteg(0)), which corresponds to the present
current value I (I = I0), to the VCM driver 182 in the
driver IC 18 (step S512). Thus, the VCM driver 182

25 supplies the VCM 15 with a VCM current whose
current value I depends upon the set control variable

Reont (0) to thereby operate the VCM 15. 1In other
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(= Rinteg(o)) to the VCM driver 182 to try to cause
the head 12 to escape from the parking area 161 of
the ramp 16.
5 After that, the CPU 25 waits until a one-sampling
time period T of the speed feedback control elapses
(steps S13 and S14) and detects a head speed Vh as in
the step S6 (step S15). Then, the CPU 25 determines
whether the detected head speed Vh is higher than
10 a preset reference speed Vth (Vth = 0) (step S16).
If Vh is not higher than Vth, the CPU 25 increases
the present current value I by a predetermined value
(increment) AI (step S17). The CPU 25 executes the
step S12 again based on the value I that is increased
15 by AI. 1If Vh is higher than Vth, the CPU 25
determines that the present current value I is
ah escape current value of the corresponding HDD.
The CPU 25 stores the control variable (integration
value) corresponding to the present current value I
20 in the area 251a of the FROM 251 as the initial
control variable (initial integration value) Ripteq(0)
(step S518).
If the HDD is used for a long time, the surface
of the parking area 161 becomes rough; therefore, the
25 static friction of the parking area 161 is likely to
increase. If the HDD is not used for a long time or

if the actuator 14 is latched by the latch 17a for
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a long time, the force necessary for releasing the
actuator 14 from its latched state is likely to
increase. In this case, the above escape current
value increases, too. If the escape current value
5 increases, it is difficult to cause the head 12 to
quickly escape from the ramp 16 even though the
initial control variable (initial integration wvalue)
Rinteg(0) corresponding to the escape current value
obtained during the manufacture of the HDD is employed
10 at the start of the speed feedback contrcl. Taking
into consideration a variation in escape current value
with time, the initial control variable determination
process according to the flowchart shown in FIG. 7 can
be performed for each initialization of the HDD that
15 is performed upon start-up of the HDD. Thus, the
latest initial control variable Rjpteq(0) can always
be used and, even though the escape current value
varies with time, the head 12 can always be caused to
quickly escape from the ramp 16 in the head load
20 control. When the initial control variable determina-
tion process is performed for each initialization of
the HDD, the initial control variable Rinteq(0) need
not always be stored in the FROM 251 but can be stored
in, e.g., the RAM 252.
25 The foregoing embodiment is based on the premise

that the escape current value hardly varies with the

temperature of the HDD. However, the latch force of
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the latch 17a and the resistance of the coil of the
VCM 15 have temperature dependence and so does the
escape current value. Referring to FIGS. 8 and 9,
a modification to the present embodiment will be
5 described in which the initial control variable
Rinteg(0) used at the start of the speed feedback
control for head load control is corrected
(determined) in accordance with the temperature of the
HDD. FIG. 8 is a diagram showing an example of a data
10 structure of an initial control variable table stored
in the FROM 251, and FIG. 9 is a flowchart showing
some of steps of the head load control of the
modification.
First, an initial control variable table is
15 stored in advance in an area 251b of the FROM 251
as shown in FIG. 8. An initial control variable
Rinteg(0) 1s registered in the table for each of
predetermined temperatures TEMP1l, TEMP2, TEMP3,
The initial control variable Rinteq(0) is easily
20 obtained for each of the temperatures by performing
the initial control variable determination process
according to the flowchart shown in FIG. 7 while
changing the temperature environment of the HDD.
According to the modification to the present
25 embodiment, the CPU 25 reads the temperature TEMP of
the HDD sensed by a temperature sensor 26 through

the A/D converter 253 at the start of the head load
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initial control variable Rjnteq(0) at the present
temperature TEMP read in step S21, using the initial
control variable table stored in the area 251b of

5 the FROM 251 (step S22). For example, the following
linear interpolation is used for the computation
performed in step S22. Assume that the present
temperature TEMP falls between temperatures TEMPl and
TEMP2 of the temperatures registered in the initial

10 control variable table. In other words, assume that
TEMP1 < TEMP < TEMP2 < TEMP3. 1In this case, the CPU
25 computes the initial control variable Rjintegq(0)
that is optimum at the present temperature TEMP,
since the initial control variable falling within

15 a temperature range from TEMPl to TEMP2 has linear
temperature characteristics. 1In other words, the CPU
25 computes the initial control variable Ripteq(0)
that is optimum at the present temperature TEMP by
linear interpolation using both the initial control

20 variables at temperatures TEMP1l and TEMP2. When the
CPU 25 computes the initial control variable Rjnteq(0)
that is optimum at the present temperature TEMP in
step S22, it performs the process of the head load
control starting in step S1 in FIG. 4,

25 The initial contreol variable table can be updated
by, e.g., initializing the HDD in consideration

of variations in escape current value with time.
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As described below, the above linear interpolation
can be used to update the initial control variable
table. By performing the initial control variable
determination process according to the flowchart

5 shown in FIG. 7 in the initialization of the HDD, the
CPU 25 computes the initial control variable at the
temperature (present temperature) TEMP of the HDD.
Then, the CPU 25 computes a difference between the
initial control wvariable at the present temperature

10 TEMP and that obtained by the above linear
interpolation. The initial control wvariable table is
thus updated by adding the difference to the initial

control variable of each of temperatures TEMPl, TEMP2,

TEMP3, ... registered in the table. The updated table
15 is the latest that is suitable for the present state
of the HDD.

According to the configuration shown in FIG. 1,
the temperature sensor 26 is connected to the CPU 25.
However, the sensor 26 can be connected to the gate
20 array 22 and, in this case, the CPU 25 reads the
temperature sensing results of the temperature sensor
26 through the gate array 22.
According to the above embodiment and
modification, the present invention is applied to
25 an HDD (hard disk drive). However, it can be applied
to a disk drive other than the HDD, such as a magneto-

optical drive if it has only to include a ramp on
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is parked.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
5 the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

10 defined by the appended claims and their equivalents.
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5 medium, the head being used to read information from

the disk medium, the method comprising:
performing head load control to load the head

above the disk medium from the ramp by speed feedback
control, the performing including generating a control

10 variable to perform the speed feedback control every
sampling time of the speed feedback control in
accordance with a difference between a speed of the
head and a target speed and supplying a current
corresponding to the generated control variable to

15 a voice coil motor, the voice coil motor serving as
a driving source of an actuator which supports the
head movably in a radial direction of the disk medium;
and

supplying a current corresponding to an initial

20 control variable to perform the speed feedback control
to the voice coil motor at a start of the speed
feedback control, the initial control variable
corresponding to an amount of current to be supplied
to the voice coil motor to move the head from a

25 parking area on the ramp during a predetermined period
of time from the start of the speed feedback control

until first sampling time of the speed feedback
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comprising detecting a speed of the head every

sampling time of the speed feedback control based on
5 a back electromotive force voltage generated from the
voice coil motor.
3. A method according to claim 1, further
comprising:
measuring the initial control variable during
10 manufacture of the disk drive; and
storing the measured initial control variable in
a storage unit.
4., A method according to claim 3, further
comprising:
15 measuring a temperature of the disk drive at
a start of the speed feedback control; and
determining an initial control variable to be
used at the start of the speed feedback control based
on the measured temperature and the initial control
20 variable stored in the storage unit.
5. A method according to claim 3, wherein the
initial control variable measuring includes:
supplying a current to the voice coil motor for
the predetermined period of time in order to move the
25 head from the parking area on the ramp;
detecting a speed of the head after a lapse of

the predetermined period of time;
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determining whether the detected speed of the
head exceeds a reference speed;
causing the supplying of current for the
predetermined period of time to be performed again by
5 changing an amount of the current when the detected
speed of the head does not exceed the reference speed;
and
determining the initial control wvariable based on
the amount of the current supplied to the voice coil
10 motor when the detected speed of the head exceeds the
reference speed.
6. A method according to claim 1, further
comprising:
measuring the initial control variable at each of
15 a plurality of preset temperatures during manufacture
of the disk drive;
storing the initial control variable measured at
each of the preset temperatures in a storage unit;
measuring a temperature of the disk drive at
20 a start of the speed feedback control; and
determining an initial control wvariable
corresponding to a present temperature to be used at
a start of the speed feedback control, based on the
measured temperature and the initial control variable
25 stored in the storage unit.
7. A method according to claim 1, further

comprising:
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the disk drive starts up; and
storing the measured initial control variable in
a storage unit.
5 8. A method according to claim 7, wherein the
initial control variable measuring includes:
supplying a current to the voice coil motor for
the predetermined period of time in order to move the
head from the parking area on the ramp;
10 detecting a speed of the head after a lapse of
the predetermined period of time;
determining whether the detected speed of the
head exceeds a reference speed;
causing the supplying of current for the
15 predetermined period of time to be performed again by
changing an amount of the current when the detected
speed of the head does not exceed the reference speed;
and
determining the initial control variable based on
20 the amount of the current supplied to the voice coil
motor when the detected speed of the head exceeds the
reference speed.
9. A disk drive which reads information from
a disk medium using a head, comprising:
25 an actuator which supports the head movably in
a radial direction of the disk medium using a voice

coil motor as a driving source;
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a driver which drives the voice coil motor by
supplying a current corresponding to a set control
variable to the voice coil motor;

a ramp provided outside an outer circumference of

5 the disk medium, the head being parked on the ramp in
a nonoperating state of the disk drive;

means for when the nonoperating state of the disk
drive is released, performing head load control to
load the head above the disk medium from the ramp by

10 speed feedback control based on a difference between
a speed of the head and a target speed, the performing
means including first setting means for setting
a control variable corresponding to the difference
between the speed of the head and the target speed
15 every sampling time of the speed feedback control; and
second setting means for setting an initial
control variable used for the speed feedback control
to the driver at a start of the speed feedback control
by the performing means, the initial control wvariable
20 corresponding to an amount of current to be supplied
to the voice coil motor to move the head from a
parking area on the ramp during a predetermined period
of time from the start of the speed feedback control
until first sampling time of the speed feedback
25 control.
10. A disk drive according to claim 9, further

comprising a back electromotive force voltage detector
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performing means includes means for detecting a speed
of the head every sampling time of the speed feedback
5 control based on a detection result of the back
electromotive force voltage detector.
11. A disk drive according to claim 9, further
comprising:
means for measuring the initial control variable
10 during manufacture of the disk drive; and
a storage unit configured to store the measured
initial control variable by the measuring means.
12, A disk drive according to claim 11, further
comprising:
15 a temperature sensor which senses a temperature
of the disk drive; and
means for determining an initial control variable
to be set to the driver by the second setting means
based on a present temperature sensed by the
20 temperature sensor and the initial control wvariable
stored in the storage unit at the start of the speed
feedback control.
13. A disk drive according to claim 11, wherein
the measuring means includes:
25 means for supplying a current to the voice coil

motor from the driver for the predetermined period of

time in order to move the head from the parking area
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on the ramp;

means for detecting a speed of the head after
a lapse of the predetermined period of time;

means for determining whether the detected speed

5 of the head exceeds a reference speed;

means for causing the means for supplying a
current for the predetermined period of time to be
performed again by changing an amount of the current
when the detected speed of the head does not exceed

10 the reference speed; and

means for determining the initial control
variable based on the amount of the current supplied
to the voice coll motor when the detected speed of
the head exceeds the reference speed.

15 14. A disk drive according to claim 9, further
comprising;:

means for measuring the initial control variable
used for the speed feedback control at each of a
plurality of preset temperatures during manufacture of

20 the disk drive;

a storage unit configured to store the initial
control variable measured at each of the preset
temperatures by the measuring means;

a temperature sensor which senses a temperature

25 of the disk drive; and

means for determining an initial control wvariable

to be set to the driver by the second setting means,
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temperature sensor and the initial control variable
stored in the storage unit at each of the preset
temperatures, at a start of the speed feedback
5 control.

15. The disk drive according to claim 9, further
comprising:

means for measuring the initial control wvariable
every time the disk drive starts up; and

10 a storage unit configured to store a latest
measured initial control variable measured by the
measuring means.

16. A disk drive according to claim 15, wherein
the measuring means includes:

15 means for supplying a current to the voice coil
motor from the driver for the predetermined period of
time in order to move the head from the parking area
on the ramp;

means for detecting a speed of the head after
20 a lapse of the predetermined period of time;
means for determining whether the detected speed
of the head exceeds a reference speed;
means for causing the means for supplying a
current for the predetermined period of time to be

25 performed again by changing an amount of the current

when the detected speed of the head does not exceed

the reference speed; and
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means for determining the initial control
variable based on the amount of the current supplied
to the voice coil motor when the detected speed of

the head exceeds the reference speed.



