; z{e3eF[ pFX| : 06Tp<E2 13 June 2003 5 ~. METHOD OF CONTROLLI NG THE SPEED OF
AN ARM OF A DI SK DRI VE The present inventjon relates to a nmethod of
*controllLing the speed or an armof a 'disk drive and, nore particularly, to
a nethod of controlling the speed of parking the armon a ragRuné®od3dat a
storage disk drive consists of at |east one disk on which data is stored, a
read/wite head nmounted on an armto read or wite on the disk surface, and
the necessary control circuits. The disk is rotated at a constant velocity
by a swindle notor and the armis noved over the disk surface from
or wite to different |ocations on the dijsk surface by a w m\g@m
notor (VCM Wen there are no read or wrlte oper ati ons fo

l ong tine or upon power down of the disk drive, the VCM arm i %166166*
traditionally parked towards the inner dianeter of the disk. Ids+is
necessary to avoid any damage to the surface of the storage nedi um by
physical 20 contact with the read/wite head. The storag mmsk IS
2one: ally made snmooth to maxim ze the data density. If tﬁ m“m‘m rked
on the snooth surface, the spindle notor will experience nore Diction when
it stasis to spin the disk. To avoid this friction the surface of the disk
over which the armrests can be nade wit: a particular texture. This nethod

of parkkng has two-rain digsdyambagesotroefifisctTME sEgEn that can be used
for Storage is reduced; 25 and the read/wite will wear nore quickly. To

avoid the problens nentioned Q@bocAR 4B30OOFah $USK PRIVErking the arm at the
i nner dianmeter of the disk, the armcan be parked away fromthe disk
surface. The armcan be t-noved over a rare at the outer edge of the disk.

bt is desmagké‘schpld%n@&! Eeldtls %Cé ealon &Qeafreﬂlmgm@ sReesr of 239 ot BRI L0
deliver the & mto the ranp as fast as possi bl e wi t hout damagi ng the disk

drive = , and, more pardcularly, fo 3 megdiafec200Bing the speed of parkingabt danoe awatdp. t he
present, invention there is provided 3 method o. con 4 0 fling the speed of
an armi8f a disk dri ve, including the steps of: obtaining a feedback sisal

represental hye s%atréleﬁrtﬁ% Rbsis@idgt aawzgncmls@ bRgnkdl ded Badhagk, %eaana:lm

with a predeterm ndd command-n~.d signal representing a command Screed to
det erm nedie@rmmﬁideoatamounstoateadofr mtedoratacngixshndrfa@; lasd |ttmgnaedsaweosurcgnal

for a notor to drive said ar comma drive sijgnal
bel ng ad) GEERE: TRASAERPHBRE £t coRee rERAT O PR Pourry S gt O or
at a predel&r ok G du8Mel 1o read from or write to different locations on the disk surface by a voice

15 coil motor (VCM).

When there are no read or write operatons for a relatively long time or upon power down of
the disk drive, the VCM arm is traditionally parked towards the inner diameter of the disk.
This is necsssary to avoid any damage to the surface of the storage medium by physical
20 contact with the reaa/write head. Ths storage arza’of tha Aisk is generally made smooth to
maximize the data density. If the arm is parked on the smooth surface, the spindle moror will
experience more Tiction when it starts 1o spin the disk. To avoid this friction, the surface of
the disk over whick the arm rests can oe made with a particular texture. This method of

parking has two main disadvantages: the effective arsa that can be used for storage is reduced,

I~
Ch

and the read/write head will wear more quickly.

To avoid the problems menuoned above associated with parking the arm at the inner diameter
of the disk, the arm can be parked away from the disk surface. The arm can be moved over
a ramp at the outer edge of the disk. It is desirable to be able w0 actively contro! the speed of

30 the arm to deliver the arm to the ramp as fast as possible without damaging the disk drive



- 10 The present invention also provides a systemfor controlling the speed
of. an arm of a disk d=ive, including: feedback neans for generating a

": feedback_si_.gnal representative of the speed of said arm and drive neans

f.or conparimg“the feedback sisal with a predeterni ned commang Jiine 2808nal .
representing a conmand speed to determ ne an acceleration state of said arm
.and for adjusting a drive signal for a notor to -drive said armat said
command speed, said drive signal being adjusted, depending on said
acceleration state, to drive said nptor at a predeterm ned |level. 20 ~
‘preferred enbodi ment of the present invengion is described in -eater detail
bel ow, by way of exanple only, with reference to the acconpanyi ng draw ng
in which: Figure 1 is a block diagramof a preferred enbodi ment of a VCM
system andaRagardance wathathp presehiaktvention tist hpdraideddapeshed ¢ contrbidd ty
t he speed of _a f e . Al Bpl J;~, . _ 3 Vr,yl .C_
e Jf§'§8n%%ﬁ A{%Q%.S’E%ﬁq‘ng%higtigs~£i~~,_ In 'toe enbodi nent of
t he VCM syst em shomiirigre feedhace sibnalaepesasatv df thotweed M ssddrmyen. by two
conplir-conplinmentary. drivers A and B. The PWWIlogic 8 control the two,
drivers wit: PWFUR? @ggﬁi&na?dbsalsé@namtﬂé RS ST P T eTrLoRs ERERting
not or Ccus r eftokMadAdad-A Baskniat ec hEQmbiiyestRg aitBENM-Indz the notor. The
BEMF =' is sanpled by a BEMF feedback circuit 6 across the notor, when W
current is zero AUMFRG & HEVIORAE POl 38Xty O HE PWY € Fesadt COREPWRRPFBYi &8,
The current aths ough dehe; £, ldabdSi1ite b8 Gh R By e RriEN k8N to dheedback eds oul t
4 by a sensor resistor (RS) 2 connected in series grit'. the notor. the PWM
logic 8 i s Pedpsrsingdlesla current feedback sisal generatd by the current

f eedback circuit 4, representative of the current Im to adjust the drive
signals for the drivers Aand B' 10 so as to drive the notor at a ;.

~r.' _Z1 10 1318 pneseR008eni3n amotmpvides & enitedifat tondolling thEspe AWM dnogie of 2 disk
adj ust s the&gl ue |Limt as described bel ow) based on a BEM- signal

gener ated by T fre %ER}F’T eedback circuit 6 that represents the BEMF and t he
speed of the not desdhbadimesisdps zeeetinizadiebyodchai gnysteerasariet-hawhe ispedd giigadd
2. when corrl-co nded to park or there is a power down at step |2, the
armis driv&f™at®™a preprogramred or command speed towards the ramp, and

t hen driven up th#iveafperdtiot Remeatmerite $paeecld 6 otanpldetsepicherepainiet nghmbane
(", , .,Lconman s?‘?ed,is choseratoa(gg aqgl | gnou%h to . avol d the situation
wher eby Phe SHT P SCTHE 7 WiFRate RPEFRETTEryS A GHCLPEitE SH6IhcEE Fack St
danages the odihing birkRaigReesd Dinctdieo i@ said ate b kil Rethrindapded Vi@id drive
vol tage Vdrv, ch‘/?i ded,,b;i q;-,hge d: fivers A and B across the motor Vii. The
current thrd (P EBHBT e halPARRR P SEdNAECERIOPT REd By T HeSad) Hatgs &t @
ITimt and, jdre@ethenedilegs. V drv , defines the maxi mum power delivered to
the notor for a given acceleration state of the arm The speed of the arm
is determned to have one of

20 A preferred embodiment of the present invention is described in greater detail below, by
) way of example only, with reference to the accompanying drawings, in which:
Figurs 1 15 a block diagram of a prefarred embodiment of a VCM system; and
£
i

Figure 2 is a flow chart of a method of adapuvely conzoiling the speed of an arm

of a VCM system.
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.Z5 three acceleration states at any given tine: accelerate) decel erate and
. idle; and the acceleration state nunber is given, by "i" (e.?. sate; =
‘accel ; state;;3 = idle). Initially, at step 14, the current limt value
Ilimit is set.’ to a predefined value In, the nunber of the stfdg hs2668 tO
zero and the initial state is set to-"idle" . At step 16, the nunber of the
state 20 variable "i" is Lncremented -and the tiner is reset After
tri-stating the output of the driver s and waiting until the timer has been
on for a period of tine Tl at step 18 (for_) the recirculation of the current
to die down), the BEMF of the notor is sérsed by BEMF feedback 6 at the
notor termnals. The next state is determned at step 20 based on a
.conparison of the measured BEMF and a commend vol tage signal V c*d. The

| evel Vend Jf Bhemgedimantioysr tiagd systeppshosy esBiguen ?,\ﬁevme ehbmgess el driven
command spe i : i Kol'Y L ur. BEME 15,5
ease: than ??élrrﬁ%o %ﬁgg%%%ys@ gg{sédf %n&ngdbl;enn' %Pégq%ktgo&ggogg‘g%élﬁg TF%tl‘: &
measur ed BENFVIM drivgssigriadmbagetrdn thhdessibatie inoroetier mi ned materstere 22t mdbene
"accel" . If_the, ENF~H S ual.to Vend, -t he state is _deterni in
step 26 to bEri ﬂ%@%ﬁrﬁ’gnﬁmeﬁ%ﬁ PT 8t FRE ot BF %I:Z\;“I n* POEFOIT P 2
det er mi nefl bigedireklcimyit facrozetie oREM; wWhenshe puZsy: i8@:ralieriahy-d dovihouREMG: ke
zero, it is rmned .t hereg is no notion. |I: there is no notion, 13
June 2003 a Wcé&e%?teeh&wé%ﬁe& 108 SHETE AP LR (P AROSE EpiSsteci R Bf & cpgent
motion, the BedHcRlciftulteS 8l AfensdreRsisiod QR )The0eabditLlin kS0P e Wb arpe
preset value -~ at step 3~, and i: there is a lack of notion, this
Uhdi cat o t BT NBZIE 8 s FEEOREo| e £7 PReS FigBY ZRALFEIHAY thE chmsar feedback
engount er ed @rdRCHaBhesHnt:5/0BPE caRdnihe:d 28diNge kSvALEl MTRTd @i besdong: at
st 36. Oxherwise, at step 38, 5 using thelast ttvo States, the current
litrif vaPuesqas todrive thg@atasat ¥ according to the algorithm shown in Table 1
bel ow). Since the torque applied to the notor is propcr-dcnal to the
current (if -the nmotor is ~.oving), different curreat li.~it values wll
result in differ ent torques per PW1-2 cycle delivered by the 10 P ~/ NI
logic 8. At step 40, if the current state is "idle" ) the process returns
to step 20, whr a the BEVIiF is nonitored to update the next state. ~~'nen
the present state is not "idle" (i.e. either "accelerate” or "d~elerate"),
the output drivers are driven at step 42 in an appropriate direction until
the notor current |," reaches the current limt value |I~;~;; at step 4z.
Then the process returns to step to and the BEl~ is sarzipled and conpared
with ~rcnd at step 20 alter 15 tzi-stating the output drivers and waiting
at step 18 until the tinmer has been on for a period of tine Tt. After a
cerain nunber of cycles, the armw | be ariven a: a constant speed
corresponding to the conmand BEN F voltage. Wien the armis clinbing the
ranp, it experiences additional 20 friction which reduces the speed, and
in-turn a lesser EEViF is produced. The feedoac~ | oop adjusts the curxeat
limt value to provide the required torque per P~~r cycle to maintain the
eonruand sueed. An advantage or" the adaptive current linit value is that
until the command Speed is achieved, ?5 tl ~e current limt is nodified to
provi de nore torque to achieve the command speed in a ' shorter time_ Once
the cornrnanded speed is a::hieved, the current limt value is mnirised)
and hence the torque applied in each PW1~i e~ cle ~ smaller, resulting us
a snoothJ.y controll ed speed. 30 Table 1 shows the algorithmfor changing
the ,.gent ;unit value. Tae current |imt value |I.", u, 13 June 2003
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-5 determi.nes the anount of torque provided to the notor in each PWT
cycle, such that a higher |;,~ ~~ value results in a caster change in the
BE~iF with respect to tine. ~v":ether the ~-:n is accelerated or
dec~lcrated is determned by the direction of the notor cultdéune 2003 e.
fromdriver Ato driver B or nomdriver B to driver A which produces a
corresponding direction. of the BEMF. Wen two consecutive states are
“idle", ilnplying that tl'~e a:-mis at the col nmsnd speed, the current
limt value is decrenented by one step, so as to re:ch the m nimum current
limt value) which will result in srr~ooner speed control. V hea tyro
consecutive states are "decel", inplying that the armis slow ng down due
toi~riction, t:~e cur:ent limt value is inc: enmented by one step, to
provi de MBicfod QBE IR 10V CERCOMM bR igtachilsed ih@Raive YNENad WO 10:4 BBREGL Wabe
states are "accel” ) th&‘c~ crrent 1:m: value is ifcretrented by one step,
to sl ow lond@EMFheigrel genernedbstherBEYFt fesibacEorcuwt behat capresedrhehecBE M Enind
limt value is not changed. W'hen two consecutive states arc both "accel "
or "decel e 1pcsd PRHSAPESE that the target BEylIF, i.e. the conmand speed, is
further fromthe current val ~ce of the BED and accordingly nore torque is
requireri per PW~f cycle to achieve the target in a shorter tine. Table 1
20 2~ DeciTak@tfeph ¥Recuresitigtds systems tratseown Gh&igyes RnWhen"commireied to park or there
state, lidl ei dl eDecrenment by one step2 Jidle i . _ .~ ..._accel _No
change~_. is 2 power dowq gfjseep-lde B3¢ £ & RAYGeH 2IPATE BF AEEEdr OrpRsdnidaed 9y astie

st epbacce ? i ! cod . , 1. <

one. ot ops atct LS B BIESE e rEofle 18 RARIRCRER, o EESL TR BURAT, e
@ppr eci at edminand spesisionhaki td edsonail ¢deaglard avdixatheatihat arewiaredy alel arm hits the
alterations nmay be made to the above-descri bed nethod w t hout departinb
Iron the SHPRATAABIAEYYREILSPEHh DORRSEFRCLANG frBdaes Gt disk13 June 2003 -6
CLAIMB: 4 . A net hod of controlling the speed of as :.'-mof a disk drive,
including the steps of: obtaining a feedback signal representative of the
s, eed of Ta@isgedl of,the Lo pddidrghisedl iy § @eebatkssivVdry; prowidet 'ty Be drivers A and

predete.,--pined comma d sy.:| r.carescnz:na a command speed; and
B across the motor M. The current through the motor has an upper limit determined by the

value of I, and, together with Vdrv, defines the maximum power delivered to the motor
for a given acceleration state of the arm, The speed of the arm is determined to have one of
15 thres acceleration states at any given time: accelerate, decelerate and idle; and the acceleration

state number is giver by "i" (e.g. state; = accel; state,, = idle).

Initially, at step 14, the current limit value 1, is set to a predefined value I, the number of
the state is set to zero and the initial state is set to "idle". At step 16, the number of the state
20 variable "1" is incremented and the timer is reset. After wri-stating the ourtput of the drivers arnd
waiting until the timer has been on for a period of time T, at step 18 (for the recirculation of
the current to die down), the BEMF of the motor is sensed by BEMF feedback 6 at the motor
terminals. The next state is determined ar step 20 based on a comparison of the measured
BEMF and a command voltage signal Vemd. The leve! Vemd of the command voltage is
25 representative of the desired command speed at which the motor is to be driven. If the
measured BEMF is greater than Vemd, the state is determined in step 24 to be "decel”. If the
measured BEMF is less than Vemd, the state is determined ia step 22 ta be "accel". If the
measured BEMF is equal to Vemd, the state is detsrmined in step 26 to be "idle". Then,
whether or not the motor is in motion is determined by checkiag for zero BEMF iz step 28,

30 whereby if the BEMF is zero, it i1s determnined that there is no mouon. If there is no motion,



adi.ust:ng a drive stgaal for a moter to drive said armat said cam-d
. speed. 2. Anethod 3s clainmed i..-t claiml, w:e:ein said feedback signal
is conpucd :0 saic 10 command signal to detenrine an accel eration state of

said arrc.

3. Anethod as cla;rned L-~ clain_ Z, w ze-e:n sagﬂmﬁ@po@g

adiustir~ includes ir:creasing or decreasing sald drive sisal. I~ 4

nmethod as clainmed in claim3, wherein said acceleration state is used vmth
a previous acceleration state to deternm ne whether to increase or decrease

said drive sisal.. 5. Anethod as clainmed in claimT) wherein said drive
signal is sec to drive said noto: az a pyedeterm ned level, and when said
accele w:en state and said previous ace eleration st~t~ ~ ... _ 20

i ndi cates no accel eration) said predczc~-m.ucd Icvel is decreased. 6. A

o o BhE TRl Leoufl 3 Pt hola #0975 oGEE) £1RLL0R, 81 8Pl

eration s E,‘In

predezer i 10 tTR&ugNEks dofndaiéd @RS QGresdbvalue K alﬁEthbGd asd ¥ |tk@drfnmila laF:L of Blo8lonM

6, whe; e~n when said accele:ation su:e and said previous accel eration state

i ndi ert esthike dadieateughat mhc az@ @I-SahQ?@ekOéded‘ on E#EGF&ID@véﬂd aher it taasadourgered A
method as clairr:ed in

l,udi f ob
a curr et aCFERARMRAL KORFY r?‘&fi %?enlﬁ pliEe ﬁt%cf‘ir%mg‘fto 38 ger %né ‘éDn‘E %p c{qe"d?"t %gu% g# 'gg

not or .

ct:rrent $medoin Tblsil'beldwW) o drive said notor at said predete:~i.~ed |evel.

30using tHe31adUie 48R3, e QurrbaBhitogias ¢ ) @iupRsket Nacebai:AY & tfelddtehm

including the step of racdif;y ing said drive signal in response to sald

51 U Anethod as clained is c:a.~ 9, wherein said feedbac!c sign :1

represents the baca el ectronotive force (BEh~ of said notor.
as clai.
wi dt h nodul ati on

said c
no-~, ~e

claimed in claim1?, further including the step of determ ning sai

signa). and sai

BV IREES. SO s S aBIE T SR R b o SR SR ©
wher ei n S@{edBEmF &Cﬁeﬁﬁ&ea tB%@gathth5ﬁé'g sHtS kwhan did ﬁésuﬂglgmtAgrggpqglca e

armis

par ked wheithegdiackel BEAE" os "¢meigratd”), the obtput drvere ttrodiives at ktep #&dinian apbaipmiated,
wherein sajd armi arK~ in sai arking region. 16. A _nethod as ¢l ai med
0 el o m e e R O ot v BFER (AR HOSIT AIS Kt £ SRP/ 16k A0 4

clai med i prabad Mirhio sw};ers SldthS BEVT ARAPRY a@d%ﬁﬁﬂf&ﬁ%b SERRRELH 08 aﬁér

stopping said notion of 'said arm. 18. A rrethod asS clued in anv onhe of
dai ms U5 tro-steripg wecouspus dsiviers andtvemitingatsstapol fentid olid timet kas bes oa Gor Apsyst efn

for concrall "f g the speed of an armof a disk drive, including: 13 June

2003

20

30 Table 1 shows the algorithm for changing the current limut value. The current limt value [

After a certain number of cycles, the arm will be driven a: a constant speed corresponding to
the command BEMF voltage. When the arm is climbing the ramp, it experiences additional
friction which reduces the speed, and in-turn a lesser BEMF is produced. The feedback loop
adjusts the currear limit value to provide the required torque per PWM cycle 1o maintain the

command speed.

An advantage of the adaptive current limit value 15 that untl the command spesd is achieved,
the current limit is modified to provide more torque to achicve the command speed in a
sherter time. Once the commanded speed is achieved, the current limit value is minimised,
and hence the torque applied in each PWM cvcle is smaller, resulting in a smoothly controlled

speed.

Lt

11. A :zzethed

NS@ct theAB cgera@@@&ti RALE brddedrSis Br dpmeasm Ro & dhrebint Vie sl S8toriis mAvitg P N
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_g_ feedback neans for ;eneratng a feedback sign: | r epresenr3tive of the
speed of said ' arm and drive nme =rs for, conparing the feedback sisal wah
a predet _rmned comm, and signal rpreser_ting a command speed and fer
adjusting a dr ive sijnal for 2 notor to drive said arm5 a:{3shing 2008and
speed. 20. A system as clainmed in claim19, wherein said feedoack signal
is conpare to said command sij .al to deterrniae an accel eration state of
said arm 10 21. A syst..mas clained in claim?20, wherein said adjusting
includes i.-!creas.tig or decreasing said drive signal. 22. ~. systemas
clawed in claim21, wherein said accelerftion state is used with a previous
acceleration state to determ ne whether to increase or decrease said drive
signal. 15 23. A systemas clainmed in claim?22, wherein said drive signal
i's set tQsfirb¥UfeSRE dmaBhiQN ttuedpBlRELIELMEIARE: fnedeh pvaidywRefi$ahd a higher
accel eration state and said previous acceleration state indicates no

accel er ath gnyalsairdsydtsenetfesten shangd vise BiMHerite agsodc: oime. -Whehes htaem s
clainmed in claim23 erei.n . when sai d accel eration state_and.sai.d previ ous
accel er at ‘“rcﬁﬁle?ttgi gr ﬁ’%\é\ﬁgfz"ée‘t%% d%fﬁ%@?‘é‘f% f‘h8r?,uegté‘?ndorptggw%rr?ﬁﬁ%(ﬂce\?é’FP?h%"er

i ncreasedy (2arivef RS IR AHAS FloAdrieed ) which ghdBudds a WRRERLAL IR QM-8 @bt of the
acceleration state and said previous accel eration state’indi Cates

decel er atBBME. $&ied mroccheseutins stets laey &idl4"s tinpliiensed theodm & syt emmasnd
elair.;ec mclam 23, incl uzgi ng c:!.f-rent feedback neans for generating a
current  {EEEbASR SSTCHITHERTES BAESEITE D Y PO SRt 20 HapFAca® FHRSHTE CHEFS:
5 A s . . . ‘ i L0 ai Ly .

el d v B R e e b e ra “r o e
$ai d not otdeatl"sdimplyine det ehnimeds slewilg cowd Bud undrie@ny the curBur hmiyefemsas
clainmed in clai m%?, wherei n sai d.feedback si gtnal repres;.ats.th ack

el ect r onDEFVEBFBEE &Y BEVEFP0f° BIVIFBIOST [05e 1R Q(FSTRRT A S bR WAy
pr~...A4pedi | PRI el 118 a bYES YA heS] § i dgyl agkon
A e R it e Ml i e A A

si sal . 30down syesirenminasshoktar nee For achaicasds ths c®entthicnis valve Saicd champrdn®ispeed
corresponds to a i,' speed at, which said iS.CO nded to move to a

pa, ~ki ag PEYFPRURY SIS ATS @Qﬁ%@ OF I RS gt G et HRYE, ienBSai d
armincl udes-an Af 1SRk H oKl d e v 3 Rl DaGl Bl

30, wherelin sal %g%r'?vg nearﬁg*%gfﬂeé:d#?tng% csﬁfl%xg?nﬁ?gﬁ%gé‘%gﬁﬁ ergogat%d EMF
is zero. ke3Bired\psyBWM nyds tehcigvedhd tdrg@LiBlaTshoB2s timkerein said a_rmis
parked i_n said parking region. 34. A systemas clained in claim33, wherein
sai d palPki ng region includes a ranp. 20 35 . A systemas clained i~a cla im
34, wherein said ranp has a nechani calygijenaper for stoppinC said notion of
said arm 36. A systemas clainmed in any one of claims 29 to 35, wherein

sai d motorig.ayaigs coll state, state, Change in I, for stare,
( 1 idle idle Decrement by one step
2 idle accel No change
20 3 idle decel No change
4 accel accel Increment by one step
5 accel decel No change
<) accel idle No change
7 dece!l decel [ncremert by one step
25 8 decel accal No change
9 decel i idle No change

[t will be appreciated by a person skilled in the art that enhancements and alterations may te
made to the above-described method without departing from the spirit and scope of the present

30 invention.



notor. 25 ____ -10 CLAIMs: 13 June 2003 1. A netl'~od of controlling the
speed of a.-1 ar~_oi' a disk drive, ~ncluai:-!~ use steps of: ob a ~ ~ng a
f eedback sisal representative or the speed o= said a ~; J CO2lDa.i'LP~
said L~dD2C C SI's al Wah a ~r~d~L~i Zl Lned CO-a.~d S1~2~ r Dr ~fS¢eJline/2083
command speed to dete~~ine an acceleration state oz said arm and adjusting
a d.Tve s:~nal for a notor Lo c:ve said a rmat said command speed, sai d
drive sisal being adjusted, depending on said acceleration state, to drive
s2.id tuotor at a predeterm ned level. 10 ?. A nmethod as clained in claim!]
, Wherein said Step O adlus'sng includes -ig._cr ea.sir_g or decreasing said
drive sisal. 3. Anetl lod as clained in ciairn 2, wnereLn Said

acceleration s+,a:e is used wi th a I~ previous acceleration state to
determ ne whether to increase or decrease said predetermned level. 4. A .
net hod as cl-aiy in claim3, wherein when said acceleration state a.-id

sai d previous acceleration state are idle, said oredeterr~Li aed level is
decreased. 20 A neihod as clained in claim4, wZerein when said
accel erati oh st areTEREIHi f&“HP%&é‘ ARESE| BRI B eiak STIE cBrluging 18 tens afd

aredeter-nined 1 gueli S dlfz Ql r,?,.es‘_ 5(%; S%ggu%a&{gg_ch; ig.clai.,~~ ~

w . ereL~ ~~rhen sai a%cel eralso sta e ar previ ous dccel eL3t L01
state i ndscat e deehpsrdnaend r&zbmtamimemrm:raeavmed cambtard semseftorsfenthg a
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A IR TR s 16 Vesﬁa?fa St vk i 88 st seed.
fPS~OPSe t0 Sal d curent ued oaO c slgrlal LOdrive sai d n020: at said R

Dr ~det.Pl : 111Pe’ re. 13 June 2003 -11 level. 9. .4 method as claimed '~
in claim8, 2wher é1 mesindiay elsimakc e drEp llal‘"*‘ié"p‘)?éélerﬁ:%dm” 8 SFREk SedosERF Bt §aide

Torte (B&p) c.%m%ﬁ!ig %Qi%rdczlz‘?nm@aﬁ‘it&‘?ﬁmén Al dr ety hn any precedi ng

claim whe: érn sal ve si I's a pulse w nodul ation (PV~1~

si~.al and said BE~~' is traeastred du~-ing |l ow pu' _ses of said PAM signal.
f 10 11. A method as cl ai Tned in. claiml or 10 wherein said conmand speed
co: responds3to - Argthvges¢lamedin SRR di Wheremiaidksen ohlindes lndudasvacressing or

parkir_g reglQasing said drive signal.

15 4. A method as claimed in claim 3, wherein said acceleration state is used with a previous

acceleration state 1o derermine whether to increase or decrease said drive signal.

5. A method as claimed in claim 4, wherein said drive signal is set to drive said motor

a1 a predetermined level, and when said acceleraticn state and said previous accsleration state (w

20 indicates no acceleration, said prederermined level is decresased.

6. A method as claimed in claim 5, wherein when said acceleration state and said

previous acceleration state indicates acceleration, said predetermiced level is increased.

25 7. A method as claimed ip clamm 6, wheremm when said accaleration state and said

previous acceleration state indicates deceleraticn, said predetermined level is increased.

8. A method as claimed ir clamm 3, rurther including the step of obuining a current
feadback signal representative of a current supplied to said motor.

30



12, A nethod as clainmed in claiml or 11, wherein said a -~ includes a head
o~ said disk drive. 1S 13. A method as clained in clam 11, r~-the:
including the step oL deter-n;r;n ~ said armis parked when said BE11l~' is
zero. 14. A nethod as clainmed in claim 13, wherein said arre3 funea2dcd in
said parking 20 region. 16. A nethod as clainmed in claiml ~, wherein said
parting red on ~Tcludes a ra:~:a. 16. A nethod as claLr.:ed i.n. claim1~,
~Nherein said ranp i,.zs a nechani cal stopper for 2~ sopping said notion of
said a~--L. 17. .~ nethod as clail-r!led in any one cciai:ns 10 ~~0 ic~, W,
~erelLZ said no:o=is a -.oice coil notor.7 30 18. A systerz for con:~ollirg
the speed of an arr, or a dis:t d;:ve, inciuding: feed oack neans for
gezerat:ng a ~eedback signal representative of she speed of sa:d

PiiVl~a:~gr:.~y e oMoz J ‘ﬁcqg;"'; b

arm and dr veAnéﬂé:r%ocaféafrc%lc?rr%daﬁ c;llagjn% %’eﬁu%%égfghgclz S1 [ghr?asltapvmo'tﬁcgmb%%éé“tde%%n@cned
command skigAgl infepsasens isfid careor edtdk sigeeliot drivdedabl Mote 288218 peelepsratinan
sr3te of said zrma.~d for adjusting a drive signal for a notor to drive
sai d a:-me¥el.sai d command speed, said d~-lve si~a.| being adjusted,
depending on said acceleration state, to drive said notor at a

predeterm ned level. 19. A systemas clainmed in claiml18, wherein said
dL--ivesmeans is nasdnpd ad claimediéd eage Sorwhdesin eaigefesdtiadk diznyiersptgomk .chél 8ad0.
A systemas claned in claim19, wherein the d~Tve neans is adapted to dete;
-myne whetkerometivadpradBEM T )dsrEBe05ai d predetermined | evel based on
said acceleration state and a previous acceleration state. 1 ~ 21. A system
as claimed in claim20, wherein when said acceleration state and said
previous agcel e aletinn Atoddi@ediadydrezedingicthifr etekeyr Aidwd el sexel isiaputeerieased
by sai-.d drive nmeans. 22. A systemas clainmed in claim2l, wherein when said
accel er at megukrigpdP RN signd 20 sy BRMT & BEeB1ed CHF Ry Y Pulses of s £XY ¥ signal.
accel erl%ti on, said predetermned |level is increased by said drive neans.

23. A systemas clainmed in claim 22, wherein when said accel eration state
and sai d pgevi QusnstitebhesiaTiediin shih e dr ndiveatenderelogiradridosesSedresponds to a
predetermned |l evel is increased by 2~ said drive neans. 2T. A system as

cl ai med i Gpeadaat-whigh saidrsmuidicAgmEgEehic PRIV RIHEETSEI08r geaeratin~ a
current feedback signal representative of a current supplied to said notor.

30 2~ . A systemas claimed in claim24, wherein said drive neans nodifies
sai d dnve 18i gna mdihdLEPENSRALN cRahd ULl eterdigedback isdlanala Had dAvadRlld
notor at said predeterm ned .. level. 13 June 2003 ~"" """ ;, ." . .,

-13 15 drive.

14. A method as claimed in claim 12, further including the step of determining said arm

is parked when said BEMF is zero.

20 13, A method as claimed in claim 14, whersin said arm is parkad in said parking region.
16. A method as claimed in claim 15, wherein said parking region includes a ramp.
17. A method as claimed in claim 16, wherein said ramp has a mechanical stopper for

25 stopping said motion of said arm.

18. A method as claimed in any one of claims 11 to 17, wherein said motor is a voice coil

motor.

30 19. A system for conrrolling the speed of an arm of a disk drive, including:



26. A systemas clained in clam 25, wherein said feedback signal represents
. the back electronotive force (BE vff) of said notor. ' . 27. A system as
clainmed.in any one of clainms 18 to 26, wherein said drive signal is a pul se
wi dth nodul ation (1'WWVI) signzl and said BED is neasured c{f jjiwe DO

poi ses of said P WIlvl signal. ". .) 10 28. A systemas clained in clai.ra
27, wherein said conmand speed corresponds to a speed at which said armis
commanded to nove to a par' _ting region. 29 . A systemas clainmed in claim
? 8, wherein said armincludes a head of said disk drive . 15 30. A system
as clainmed in clam 28, wherein said d:-jye neans determnes said arm is
parked when said BED is zero. 31. A systemas clainmed in claim30, wherein
said armis parked in said parking region. 20 32. A systemas clained in

Claim 3ty vher L) dobar 0B LU AL IR A 0, BB S

st opplllgysRighdnoti on of sal d arm 25 3=. A systemas clainmed in any one of
clai<-ns 27 to 33, wherein said notor is a voice coil rsotor. nl:Jl~=v.._J .
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at a predetermined level, and when said acceleradon state and said prcvmus acceleration state

indicates no acceleration, said predetermined level is decreased.

20 24. A system as claimed in claim 23, wherzin when said acceleration state ard said

previous acceleration state indicates acceleration, said predetermined level is increased.

25, A system as claimed in claim 24, wherein when said acceleration state and said

previous acceleration state indicares decelerador, said predetermined level is increased.

~
(U 1)

26. A system as claimed 1n claim 23, including current feedback means for generating a

current feedback signal representanve of a current supplied to said mator.

27. A system as claimed in claim 26, wherein said drive means modifies said drive signal

30 in response to said current feedback signal to drive said motor at said predetermmuned level.
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28. A system as claimed in claim 27, wherein said feedback signal reprasents the back

electromotive force (BEMF) of said motor.

29. A system as claimed in any preceding claim, wherein said drive signal is a pulse width

5 modulation (PWM) signal and said BEMF is measured during low pulses of said PWM signal.

30. A system as claimed in claim 1 or 29 wherein sald command speed correspords o a

( " speed at which said arm is commanded to move to a parking region.

10 31. A system as claimed in claim 1 or 30, wherein s2id arm includes a head of said disk
drive.
32. A system as claimed in claim 30, wherein said drive means detarmines said arm is

parked when said BEMF is zero,

15
33 A system as claimed in claim 32, wherein said arm is parked in said parking region.
34. A system as claimed in claim 33, wherein said parking region includes a ramp.

20 35. A system as claimed in claim 34, wherein said ramp has a mechanical stopper for

stopping said motion of said arm.

36. A system as claimed in auy one of claims 29 to 33, wherein said motor is a voice coil

Motor.
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A method of controlling the speed of an arm of a disk drive, including the steps of:

obtaining a feedback signal representative of the spead of said arm;

Wi

comparing said fesdback signal with a pradetermined command signal representng
a command speed to determine an acceleration state of said arm; and

adjusung a drive signal for a motor o0 coive said arm at said command speed, said
drive signal being adjusted, depending on said accsleration state, to drive said motor at a
predetermined level.

10

"’

2. A method as claimed in claim 1, wherein said step of adjusting includes increasing

or decreasing said drive signal.

-

3. A method as claimed in claim 2, wherein said acceleration state is used with a

(AR g

15 previous acceleration state to determine whether to increase or decrease said predetermined

level.

4, A method as claimed in claim 3, wherein when said accesleration state and said

previous acceleration state are idle, said predetermined level is decreased.

20

) 3. A method as claimed in claim 4, wherein when said acceleradon staie and said

previous acceleration indicate acceleration, said predetermined level is increased.

6. A method as claimed In claim 3, whersin when said acceieration s:ate and said

18]
W

pravious accelsration state indicate declaranon, said oradetermined level 1s 1mcraased.,
I ’ e as

7. A methed as claimed in claim 4, further including the st2p of ottaining a curre
fesdback signal representative of a ent supplied to said motor.
30 8

A method as claimed 1n claim 7, further 1acluding the step of modifying said dnive

signal in response to said current fzedback signal to drive said motor at said predetermined

SPIET
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level.

S. A method as claimed in claim 8§, wherein said feedback signal represents the back

electromotive force (BEMF) of said motor.

10. A method 2s claimed in any preceding claim, wherein said drive signal is a pulse

width modulation @®EWM) signal and said BEMT is measursd during low pulses of said

PWM signal.

10 11. A method as claimed in claim 1 or 10 whersin said command spesd corresponds to

a speed at which said arm is commanded to move to a parking region.

12. A method as claimed in claim 1 or 11, wherein said arm includss a head of said

disk drive,

13. A method as claimed in claim 11, further including the step of determining said

arm is parked when said BEMF is zero.

14. A method as claimed in claim 13, wherein said arm is parked In said parking

20 region.

15. A method as claimed in claim 14, wherein said parking region includes a ramp.

16. A method as claimed in claim 13, whersin

erein said ramp nas 2 macnanical stopper for

[RS]
wn

stopping said motion of said arm.

17. A method as claimed in any one of cizaims 10 w0 1§, wherein sald motor is a voice
coil motor.
30 18. A system for controlling the speed of an arm of a disk drive, including:

feedback means for generating a feedback signal representauve of the speed of said

AieeiLed Sncel
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arm; and

drive means for comparing the feadback signal with a predetermined command

signal representing a command speed to determine an acceleration state of said arm and for
adjusting a drive signal for a motor to drive said arm at said cormmand speed, said drive

5 signal being adjusted, depending on said acceleration state, to drive said motor at a

predetermined level.

19. A system as claimed in claim 18, wherein said drive means is adapted to increase
( ) or decrease said drive signal.
T 10
20. A system as claimed in claim 19, wherein the drive means is adapted 10 determine

whether to increase or decrease said predetermined level based on said acceleration state

and a previous acceleration state.
15 21 A system as claimed in claim 20, wherein when said acceleration state and said

previous acceleration state are idle, said predetermined level is decreased by said drive
means.

22. A system as claimed in claim 21, wherein when said acceleration state and said

20 previous acceleration state indicate acceleration, said predetermined level is increased by
!

) . said drive means.

23. A system as claimed in claim 22, whersin when said acceleration state and said

previous acceleranuon state indicate deceleration, said predetermined level is increased by

25  said drive means.
24. A system as claimed in clam 21, including current feedback means for gensrating a
current feedback signal representative of a current supplied to said motor.

30 25,

A system as claimed in claim 24, whersin said drive means modifies said dnve

signal in response to said cwrent feedback signal to dnve said motor at said predetermined
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' ) 32. A systemn as claimed in claim 31, wherein said parking region includes a ramp.

33. A system as claimed in claim 32, wherein said ramp has a mechanical stopper for
stopping said motion of said arm.
34. A system as claimed in any one of claims 27 to 33, wherein said motor is a vaice

coil motor.
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