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particular, to brushless DC spindl for rotating disks within
di sk drive data storage devices. BACKGERGMND OF THE I NVENTION The latter
hal f of the twentieth century has been W tness to a phenonenon known as the
information revolution. Wiile the iqurqation revolution is a historical
devel opnent broader in scope than any one event or nmachine, no single
device has cone to represent the information revolution nore than the

digital electronic conputer.p e ¢gevelopmenty ¢f yconputer systens has surely
«been a revol ution. Each year conmputer systems grow faster, store nore

data, and provide nore appllcatlons to thelr users The extensive data

storage needs of ﬁDdernéEBﬂﬁE q@gﬁ g 9e capacity mass data
st orage devi ces. Wil e various &q storage tec nol ogi es are avail able, the

rotating magnetic ri gFGR OBSK DRIME MsTA STORAGEy DEMICHS nost ubi quit ous.
Such a disk drive data storage device is an extrenely conpl ex piece of
machi nery, containing precision nmechanical parts, ultra-snooth disk
surfaces, high-density magnetically encoded data, and sophisticated

el ectronics._for odin di ng data, and controlling drive operation.
Each di SkEHP| QB Fgﬁ ﬁgygﬁgiéga mniature world unto itself,

The present invention relates to electric motors, and in
particular, to brushless DC spindle motors used for rotating

disks within disk drive data storage devices.

BACKGROUND OF THE INVENTION IRTBIRAN

*G00002*

The latter half of the twentieth century has been witness
to a phenomenon known as the information revolution. While
the information revolution is a historical development broader
in scope than any one event or machine, no single device has
come to represent the information revolution more than the
digital electronic computer. The development of computer
systems has surely been a revolution. Each year, computer
systems grow faster, store more data, and provide more

applications to their users.

The extensive data storage needs of modern computer
systems require large capacity mass data storage devices.
While various data storage technologies are available, the
rotating magnetic rigid disk drive has become by far the most
ubiquitous. Such a disk drive data storage device is an
extremely complex piece of machinery, con:caining precision
mechanical parts, ultra-smooth disk surfaces, high-density
magnetically encoded data, and sophisticated electronics for
encoding/decoding data, and controlling drive operation. Each
disk drive is therefore a miniature world unto itself,



WO 021 065466 - 2 PCT/ EPOL/ 14131 containing nmultiple systens and subsystem
each one of which is needed for proper drive operation. Despite this

conpl exi t wo 6%d684d6Nd Magneti c di sk drives have a proven regefpffsfaracity,
performance and cost which nake themthe storage device of choice for a

| arge variety of applications. A disk drive typically contains one or nore
di sks attached to a common hub or spindle, which are rotated at a constant
speed by an electric notor, often called a spindle nmotor. The electric
spindle notor is typically a brushless DC type notor, neaning that it
contains a multiple phase stator and a permanent nagnet rotor, the

d'ffereBénEQ%ﬁ?ﬁgOﬁulB§p§EaE9§tEﬁén9n8n§ﬁ9é§§9ﬁen éaéﬁq&ﬁécéfbwhf trol

el ectronics to |rrpart a torque to the rotor Seq uential swtc ng and
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vi brations may audi bly percéived by a user as a gh pi t ched whi ne.
mhln|ng°ﬁo¢§Ea§h¥Vte995§05m6F§R €F¢v§°§towhb%hd%ﬁk%et%ﬁmi%kﬁv%??ré%ﬁoylng

or di stya¢tEBYoEOCROYERT fo&:”heléﬁéé”GaMé@yuéﬁraﬁéPﬁé'ﬂic‘/ﬁéY Addi tionall'y,
constant excitation at a particular frequency nmay have ot her undesirable

side effects, such as possible interference with servoi ng and possi bl e
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recogni zed t sira ity I'mnating any spurious nolse or vibration
in the dkteebedGread gemeARi bUbi rpapindiaerehdele, axe prkated oat machi ning
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However, nol se abatenment Is not ect, and remains a need to find
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and a permanent magnet rotor, the different phases of the
stator being energized in a sequence by control electronics to
impart a torque to the rotor. The sequential switching and
driving of the different stator phases can induce mechanical
vibrations at harmonic frequencies of the motor driving
frequency of the disks. These vibrations may be audibly
perceived by a user as a high-pitched whine.

A whining noise emitted by a disk drive storage device
can be very annoying or distracting to a user, interfering
with user productivity. Additionally, constant excitation at
a particular frequency may have other undesirable side
effects, such as possible interference with servoing and

possible degradation of mechanical components.

Disk drive designers have long recognized the
desirability of eliminating any spurious noise or vibration in
the drives. Great attention is paid, therefore, to precision
machining of mechanical parts and other methods and processes
for controlling noise. However, noise abatement is not
perfect, and there remains a need to find improved methods of
reducing noise in disk drives, and in particular, noise at

harmonic frequencies of the disk motor driving frequency.



PCT/ EPOL/ 14131 I n accordance with the present invention, an electric notor,
which is preferably a spindle notor of a disk drive, contains a nmulti-phase
stat or drwuee/dssscsw t chi ng the phases of drive current at wefEmIARE Ng
comut ati on angles of rotation of the rotor. .Small variations, herein
called sem random offsets, are introduced into the comutation angl es at
which the drive current is switched. These variations have the effect of
spreadi ng the frequency of excitatianzover a wi der range, thus reducing the
peak harnonic excitation at the switching frequency. In the preferred
enbodi nent, a table of small, sem random phase shift offsets is naintained,
and an ginipsgry foPmramereinierdl added to the conmutation point (i.e., the
‘poi nt or angle at which a phase change occurs in the drive current). In one
variation of this enbodinent, the offset entries fromthe table are
retrieved angh agllesh-dondd oy LOAMRA DU A0 Nirdrt B O WH] 1 Requence.
*The nunber of entries in the table Nis preferably greater than the nunber
comut FRPERr povimich pL§ PreSerrp LY r%vﬁﬂ{}’tcﬁtﬁ mitatheet ¢t sk iea prine
numrber @fn g MHEDLrmbEY1 Ngh e COPIREY RIS WY tdwift chliliRy SaE gradlom pattern
of phase_shifts therefore repeats itself every N disk revolutions. |f
necessa® ¥, AN CRrCHEr il e2 & 9T e TR NG e a tH@n g kemddhent al
frequencyt of i AL £ Phé eRSESE | ONshd OIN ther { A dhd S HOR IrPW A0 e semi-
perceptible. Preferably, sem -randomcomutation offsets are not enpl oyed

duri ng 2ARGEM-AHEFREF oRHP kP ErRARTRELINN Ehp icRImUTat#an yandl & tadnpt i ng
to brifghide 1 Ahr e [uitent A L0 PAIA N0 b ghOHakdised af ter

t he notor ready reached operating speed. This avoi ds unnecessary

i nter f efmcef et ehesprerding othepiradurpal ahexfidlatdogemiiar a W
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not or construct I N accordance e present I nvention therefore wll
emt | eswitehbeg abrequentyed by a user, and may have additional collateral
benefits due to a reduction in mechanical vibration at the nmotor sw tching

harnoni ¢ frequencies. The details of the present invention, both as to its
structure anbr opee apyeferrem ¢riedirenihder stadve iaf rafadrlenc&emio t he

acconp i 1  § i i N ) n t i ke

ar s, oih BRSOt € IBLEhs T A ST RN e R o o
sinplifikel tapresthtaddet o the cremmug ighardintdi k- i desirfridde devi ce,
for use. | r .Mt r P fqts

i nvent |%¢1nar|€¢gg ﬁgﬁjé%i%rfsﬁ%ée)lﬂﬂ%e?%m of t hlerfpn@arjle.(;rdrtelﬁgect ronic te)l ‘enent s
of a dibkk aheé veasiatige edbvites edustidient t dhehe fissfterandd imsditament . Fi g.
3is a ty r - janal Ml ' rd j in the
pl ane ot&ﬁ% h%gi%lo a |%n§$€%ﬂ S, aééi':&(;\r%l neg&t%g ﬁ%leedpéro\é@élr&%etg'@e%}r%snt%mﬁ g. 4
is a siapfoinddrabssseguenonal Thewwiber difslerdrtias sigi fdie tadtle Nin a

bl ane DL ASACEGE v ! grddiet OLidd W rRiltiser ASRMANG P JdXnt & o ed
a single revolution of the rotor, and is a prime number or a
number having no common factors with P. The semi-random
patfern of phase shifts therefore repeats itself every N disk
revolutions. If necessary, N can be made sufficiently large
so that the fundamental frequency of pattern repetition from

the table is too low to be perceptible.

Preferably, semi-random commutation offsets are not
employed during a spin-up period when the electronic drive
circuitry is attempting to bring the motor up to its rated
operating speed, and are only used after the motor has already
reached operating speed. This avoids unnecessary interference
with the process of spinning up the disk assembly. -



Fig. 5is a high level flow diagramof the process of operating a disk
drive spindle notor, according to the preferred enbodi nent. WO 02/ 065466
- 5 DETAWGR/8E86RI PTI ON OF THE PREFERRED EMBCDI MENT OVERM¥A¥dh43h SK

DRI VE DESI GN PCT/ EPA /14131 A rotating rigid magnetic disk drive typically
contains one or nore snooth, flat_disks which are permanently attached to a
common spindle or hub. Were nore than one disk is used, the disks are
stacked on the spindle parallel to eaagh-other and spaced apart so that they
do not touch. The disks and spindle are rotated in unison at a constant
speed by a spindle notor. The spindle notor is typically a brushless DC

not or havi ngI& #8l theprfsteckypecbadghkétcast alectand moper nanent magnet

‘rotor. i nt ..p he. u j dg ith a

i ve cioRskrREEeartnl a8z Rbel s EACLRAL, BREFERFRbLRL ¢ Ly FEr UL

di sk-shapédl bmst dessubetiseat es heavcagvedhbyea usetheaméntzy Havet he

*spi ndl e he . t i Ly.aluginu al t hough, gl ass, ceramc,

plasticaggpg ﬁﬁ?fn%?%??§§§3§p§8§8§§?%|gﬁeT %uﬁ%@?%?%g?sl%oated with a

t hi n | apechehigayneibrAbiennatethal potord switekihng iloamehdryide coated with a

protectk¥§qhgﬁggeFData is recorded on the surfaces of the disk or disks in
e

t he magnetrza ayer. To do this, mnute nagnetized . patterns
representing the data are forned in the nagnetizable | ayer. The data

patterns are uallyv.arrapg in_circular _concentric .tracks | t hough
spi ral trackgﬂérgeggégspggsfg?epr%%%%tt+%%?n?§991w9?ﬁ9 ?ﬁ\ﬁ?k£%§nto a
nunber strsettupesan&acpesation, tbas hostEb@nurderstddd the sefddmcof a
track C9§p£§é'28c8m§é£§£§g dr¥$%934955§Q~ ich like reference numerals

refer to like parts, and in which:
BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a simplified representation of a rotating
magnetic disk drive storage device, for use in
accordance with the preferred embodiment of the

present invention.

Fig. 2 is a high level diagram of the major electronic
elements of a disk drive storage device, according

to the preferred embodiment.

Fig. 3 is a partial cross-sectional view of a disk drive
spindle motor, in the plane of the rotational axis,
according to the preferred embodiment.

Fig. 4 is a simplified cross-sectional view of a disk drive
spindle motor, in a plane perpendicular to the
rotational axis, according to the preferred
embodiment.

Fig. 5 is a high level flow diagram of the process of
operating a disk drive spindle motor, according to
the preferred embodiment.



- 6 PCT/EPA /14131 A noveabl e actuator positions a transducer head

adj acent the data on the surface to read or wite data. The actuator may be
| i kened twg bssape arm of a phonograph player, and the hegsgykmipgip! ayi ng
needl e. There is one transducer head for each disk surface containing data.
The actuator usually pivots about an axis parallel to the axis of rotation
of the disk(s), to position the head. The actuator typically includes a
solid block surrounding the axis haw g conb-1i ke arns extending toward the
disk (which is, for this reason, sonetines referred to as the "conb"); a
set of thin suspensions attached to the arnms, and an el ectro-nmagneti c notor
on the opposite side of the axis. The transducer heads are attached to the
-end of the suspensions osite_the co one f or each suspension. The
act uat oPEABLLE rBFﬁFE%P&ﬁgNaQ%uahgrPgﬁgggghﬁi%ﬂgsﬁEMﬁggd over a desired
data track (a seek operation). Once the head is positioned over the track,
-the constant rotation of the disk will eventually bring the desired sector
adj acenPVER¥IEW,QF BRSK: RBRIVEt REEAENt hen be read or written. The actuator
notor is typically an electromagnetic coil nounted on the actuator conb and
a set of permanent nmagnets nounted in a stationary position on the base or
cover; when Bnepgrtdng rheidomponppast digkt @Ffve {ﬁp%ﬁ@lkﬁnﬁoﬁﬁa%ﬁ§ponse to
the MBOgbi 6:Thetd ChEALRY BYatN@iBeSRASEh ARNSLImad¥Rtes!aytadnearvo

f eedback systemi1s used to position the actuator. Servo patterns

i denti f $ong chwmont spindérsosr Bul it Yearenmare| thar one disk isresed: The
transdu LodL cal SPRN g e t det et fiResd current
a3 L e L b 7 TS
t he posandospatedhapactuapochad bhayndoeneohetdeghat i Bae digks andk drive
desi ansggh haneelploysdaededhoahedofli 8k SUELASEARE" sPELY OpPAL  Bh DAl Seer
desi gns typrcal 'y use erbedded servo patterns, 1.e., servo patterns are
recor dedolibrangul arly spaced portions of each disk WO 02/ 0G5466

PCT/ EPA / 1=4131 surface, the area between servo patterns being used for
recording data. The servo pattern typically conprises a synchronization
portion, a tThekspirdlefpohgrpdsttypitatlydenbreghhgsa PEavktatinber, and a

L1 ansaulBy Thiad PELENEnrah, BTELLPARAORCER' SEALDF Pha fopbafatantl |

cer ani chagnewhikohors nBbat ddffemaghephesesadfwtheestabnsdacter. The bl ock,

G st ancRepEREFPLEY HEALRR, BLER G aRpp Gulk Bl o RoPELO SRR RRBE L e

proximty to the disk surface is critical in enabling the transducer to
read fromor_wjite.the.da tecns LN,the nef i I yeL. Severa

di fferent trgﬁghugé%pdégiE%gﬁggegésédgghéﬁydgggrghéﬁgﬁsﬁéégigg desi gns
enpl oy aubkimatel mhawmidngt avbowei is thansenter &brnthe apiéndleepafhee

magnet o Lstiye.re d - me S Si Actually apply a
force t8h§%3§%kénééuggpkégggsH?ﬁhéﬁhﬁfegéFgﬁhgﬁtg§$ﬁg’d?gﬁasurface. The

aer odynpiestéhapacothest mesevfialheaski Hesstblat er Thai subskreteand enabl e

t he slider .Y.aboye.th sk gsu j at [ nce for
dat a actoesednutin BotRihop et R R 856 r BhabLe, ARBEFER) FAndBREIT) ke
nunber saddnttienbilkyg bear tsatkdowghbua phetsetével layems, Fig. 1 is a
sinplified drawing of a rotating magnetic disk drive storage device 100,
for use in accordance with the preferred enbodi ment. Di sk drive 100

conpri ses roDatablie deskszdé@lpnwhhehsarfacegi dfythetdtbkdorodhabsassenbl y
or spin Al LS tednon . di sk.dri e L3g 104. Spindle
103 andghgségSES?@gggl r%ggﬁgby 58dggvgﬁﬁgfo¥ggpe§ %%égggﬁ?égotational

.vel oci t patTheendr represeotifgothei dabbeara Foymed) instiemragnetiakbhen hub

assemdl ¥ 488, O3ba LarCepatded anatuc,tan: 2. Pebhgiuoal 8peeuiQz of each

concentric tracks, although spiral tracks are also possible.

Each track is further divided into a number of sectors. Each
sector thus forms an arc, all the sectors of a track

completing a circle.



g PCT/EPO1/14131 105 is situated to one side of disks 101. Actuator 105
rotates through an arc about shaft 106 parallel to the axis of the spindle,
driven byws @ajss4ss magneti c notor 107, to position the trangdye®iifgads. A
cover (not shown) mates with base 104 to encl ose and protect the disk and
actuator assenblies. Electronic nodules for controlling the operation of
the drive and communi cating with nother device, such as a host conputer
are nounted on circuit card 112. In4tly s enbodiment, circuit card 112 is
shown mount ed outside the encl osure formed by base 104 and the cover.
However, the card 112 could al so be nmounted inside the head/di sk encl osure,

or a portl0nAOhobé§b@é€§&t@@t@@ ﬁ@!lb@oﬂ@uﬂtQﬁahgdud@rthéa§n§ﬁ9§ééﬁt whi | e
-anot her gortlon i s npunt ed _outside thg encl osure. A plural

head/ sutBendfbA 8BsERBI PBEL268 hPerPpdi OF yWEit&cHRERt 0 TRE ﬁ¥5ﬁ©§°6f

actuatOﬁagoﬁe ﬁmkéﬁéadﬁaaﬁhe %bhéearﬁoafwatbh@nﬁgﬁgbmwpl&yéfﬁneﬂacene110 i's
‘| ocated at the end each head/ suspensi on asse adj acent di sk

sur f acehead. tohthe Hiéxlag|vee4ée |sT§ﬂ59mlﬁnPﬂetRBaH?§R§e aNeRY MOFtiple

di sk Suéééﬁealgﬁrsﬁﬁfﬁég'89nthin§ﬂ@uagt99 under st eedtbhahstael present
invention could utilize a drive aV|ng%a si ngl e di sk, or having a | arger

nunber Biv@fskaboykdarhakipt Pasatyehbe o%%?b?élﬁoognﬁ?59tbﬂmy E?ﬁgle di sk

surfaceqofkasfli skof gbsiee8ndtAg Haha. FrBe gctﬁaeohlﬂﬂpléaﬁiydlagra”‘Of the
maj or e[ectroni c el ements of disk drive 100, sh omnnga ow t hese are

connect 8ACiBA8Rea afol hdr DAREK: SUFRRURE ARG dtRRr ake8dRaviRe uGPBP~ Fbk®r and
Sp'nd'eafﬁéoéxtéﬁ89ﬁe'ESw&PthHepﬂféﬁrR@Hléﬁb9§'”PB% tﬁiéerégaéﬁpller 201
provides a data Interface t is usually a conmputer

syst em somAtiBes Eeﬁﬁreﬁdceﬁpéﬁethgy @@ﬁbo}raanﬁﬁhf@én%hbﬁnputer system

al t hough E% ﬁggogg %tﬁQSﬁ ltBuﬁﬂgsgrﬂ V'Qﬁdsﬁﬁhefécér@3ﬁ§eﬁéflg'g'tal

assi stant [P |g|ta contro inery such as an

02/ 065486torgon P/ ePonsine3sidet ofiobheea®isrobbhe brarsguesr vaeadss ot her
dlgltal v nLLo 1, p e r 0, e
operatloggo?Eg Eggr%éekégoeggncﬁugﬂe Egﬁ%ﬁﬁ$hﬁggl%ﬁ%oggg%oﬁﬁgnéO&g

i nt er prenat head Sett eachmppFRGRS poer - ﬁberGGtPﬁégr HehghosetetEes ekr®r
ecover Yerfibeq rCP8n§8§1€£8ﬁt£ﬁa'ﬁéa30§v8£0 gsipRdubathoprapg denodul ation
function witten to and rea romthe disk surface. Servo
processaeezoepen651QREts @apeotQEghaaé bhtpPALELIPRE P¥aYI Bige sEF¥eKpatt erns

Qnek i EhE ‘cbRSEARLT PhebBEACLEALAL ARG SRL NG evantRARLy nRLAQ EREDONTS O
seek signals ron1 e con 0 ervo processor erm nes the
necessadyspaedneeeterfedjacenatbhenbeedraﬂddsbhﬁddetﬁnceﬂ them Peovi des

t hese a pUL i reyi ng.s oot or
drive c??éél ywﬁggegi tE§%058£8%8§£d¥§5§£c?%c%?%%y gbg ?ﬁ ?hgﬁkg?OV|des
drive cmageatitocatiumpuntedi oe tbel agbuatorVoMib187d poseti @hi ng act uat or
105 to Lan .pdl t 2 V drive
current g5§%§§g| 9§§%£8 38§Hk§9 5?23 ?Eagib¥§r§ SEE gé?rgg ?%?a%?%%al

vel oci t9r GSVdescwhbedenﬁrelﬁadbytherephl rmnnsﬂacertonqeeate Bheached via

| ead wi t t S a 211, which are
in turnégéﬁp ngg%%saﬁ?% tgrﬁégrm%§§eggg %g% d Qrgy#§gpb , respectively.
Read anpezmenpnbvindgsetaput to channel electronlcs 202. Channel el ectronics
provides input to wite drive 212. Miltiplexers 211 and 213 sel ect one of
the heads for witing or reading, responsive to control signal 214 from
file control PgpiedllyMagneervopdeedbackr epstemnisngsedt booposetiensi gnal s
are sen to- t n e lified
by cadtp R eaR, S EE S U ECEERE  SUPHETER i, FRENGRHE L Racks) aPEP

.el ectrowristpnebrrabl yeaat| audesdaspasurbbceespbheet ranrsdueeri kel i hood
(PRW) e 0. dat .gn ' h asfor a
oot oyReERSOiREhLr FRRuEIHR, BeakdlBapeLPhe, £8 BEERERER TLE cUEFeRt
.accor di dgvtiataopr éxdet thei dedieadodadjalopoaitiand ang\tibe/ besdisack

system adjusts the position of the actuator to minimize the
deviation. Older disk drive designs often employed a
dedicated disk surface for servo patterns. Newer designs
tybically use embedded servo patterns, i.e., servo patterns
are recorded at angularly spaced portions of each disk



- 10 PCT/EPOL/ 14131 provides this data to wite driver 212, which in turn
drives current through an inductive wite elenent to cause the data to be
written oWwa@ bmoeddesk surface. Positioning of transducers 1llpci/ep@aahizved by
a servo feedback | oop system conprising transducers 110, read anp 210,
channel el ectronics 202,-servo processor 203, actuator driver 204, and
actuator notor 107. Transducers 110 read servo patterns recorded at
periodic intervals on disk surfaces 401;-these are anplified by read anp
210; the servo patterns are converted to position information by channel

el ectronics 202; position information is interpreted by servo processor 203
t o det ersuinfacan atrnwratrecm‘ bdam'w&emwemm paltitelrnsu ble ingy sy ifed t o act uat or
ot or 1Q7; and_act |ver 204 th enerates.the required _drive

Cur rent FesRatsh by o TS e patierrt GvRdRIa YorshEtdsr 85 Sorvo

pr ocessayndhionies tilom $mm¢ndﬁ<manMMa@m udemmuéwﬁhqtp@mgubarfp@Sltlon and
'provide r driver 205. Eile

| di
Cont r of FEEPSOE RS & A3 AUFBREe. APOgPaimdtic BTOCEICY, PosE i CRE

execut ed ozatQiy @heplce@t@pldde oFsittent riagk.ead-only nenory (ROM 222, ROM
222 is a non-vol atile sem conductor random access nenory, the contents of
whi ch are not | ost when disk drive 100 is powered down. ROM further

i ncl udes a I IO Firandulcel &1e23L.isCcant aie@bagnamaehmfy saaged M@ulkabf

of fsets f égnutat%gﬂ of gplndle nntg ﬁ? as d scri bed nore ful

her ei n. mP.Pél (I5UaL Yo [C8F 3HED) u@Bs Who Bt e PER Pﬁrﬁt@aﬁ9ﬁ6%§ (RAN) 223.
RAM 223 rieadysed tas ta ahedeea.y Taehdlbek,datasheded,r #adekr abogadthei tten

to one or re of t i.sk surfaces. RAM 223 i so used for storing
|nternaFu§E§F€ e it Igésﬁé@€5§§rfoG?mG}VvémégérQﬂ?&ﬁncﬂltﬁSJ&HrEQrtaln

di sk dripee alseahler eF13he ighewm ardtdesaikRedorBows., | rhRactosel ar separate
magnet o-resi,stive read and i nductive wite transduycers elenents, it should

be  WOPEOKIBIAHGto the PEpkesErfege3isuRddticaddiPhanabhdde P& by way of

descri bicRansbtcereter reddeFhem BBNlraRkY thandakh pavYkdrhg RAsshbl e to
practice the present .invention using different transducer elenents or other

aIterna@@ﬁéeﬁﬂéﬁbéﬁlQéYGéS|gﬁeW@aﬁérQéffPFe§ﬁoEFénFGPFﬁ€rdSéleﬁéeP§?ood

that vapisds ehg%yr@ﬁ&%e%@wag@ana§l%ecBegigabl@mﬁQByralkﬁ&nZQlamchannel 202
and servo processor 203 are shown in 11 lUstrative purposes, and

that ondNGMCHSVE UFlﬁﬁe§§aH§?uE§r08%SWﬁgH 88da3sPRBREANBINPENSEP Ry be

enbodleéeeas%ub%lQb%aﬂ@@@h%%ucb@ bmemEhefermﬁa QﬂBP@hE&Bhs spkagdheynot or
206 is a brushl ess DC notor aV|ng a mufti-phase el ectro-magnetic, stator

and a péPRavedt IR&GSetor Shsr trgns H€e§ohééﬁﬁean PndHEECta€§|éﬁt°FFBe 3is a

part'a|dﬁ%@ﬁ%u&@%kbonabhé'%Wr%ﬁy%ﬁhﬂ@'@hH?E@Ee%Q@tle bretpkageigbrt he
rotational axis. Mtor 206 includes a base which is rigidly attached

to baseCeyRtgr &hdr deree.16od R@?@ﬁeh§8§|ﬁél§92 §8rﬁé¥né§°?ﬁet 8ri ous

not or CEHRRNGNEFacBOLY! theus b?& b@&b%@ealétSﬁEEribrsaaEb BeEksgn 310, which
engages bearings 303 nmounted to a hollow cylindrical projection 312 of base

301. Rotor housing includes a flange 311 projecting fromthe outer bottom

edge nepgrhlRerbapescierronstalled in disk drive 100, one or nore disks 101
are fitted over the rotor housing 302 and supported by flange 311, the

rotor housing then projecting through the central aperture of disks 101,

wth the di ks Reianechameg $9alanh, ! DietLanoe bkt Hunbarpsagndeepacer s

(not shown) us c the rotate 1n unirson w rot or housing
302. A &mkﬁlppété §h§9@9h99$ t@énﬁawﬁrﬁé Hiewspl Eiget$ &F Bron | ami nations

306 suresampqg@l@ﬂ ae»aa@a% ¥ W £B8taPihg ﬁQ&Peﬁ ra%ﬂ' %rabkas ngsgage t he

cylindrical projection of base 301. urality of circunterentially
.spaced é@W#ﬁﬁeﬂpomaéﬁét§SGfl@lﬁéﬁﬁaﬂﬁﬁgepUFthFQGSBHeﬁﬁérﬁﬂgldIy attached

L0 rotogmhodiment. Disk drive 100 comprises rotatable disks 101,
which are rigidly attached to hub assembly or spindle 103,
which is mounted on disk drive base or housing 104. Spindle
103 and disks 101 are driven by a drive motor at a constant
rotational velocity. The drive motor (not visible in Fig. 1)
is contained within hub assembly 103. Data is recorded on the
top and bottom surfaces 102 of each disk. Actuator assembly



WO 02/ 065: 466 - 12 PCT/EPA /1~131 housing 302, inparting torque to rotor
housing 302 in the presence of a noving electro-nmagnetic field generated by
stator 30Wwo /@546 1S a sinplified cross-sectional view of péPEpg1/14P 1N a
pl ane perpendicular to the axis of rotation. Fig. 4 shows the arrangenent
of multiple stator poles and rotor nmagnets, the stator w ndings bei ng shown
diagrammatically for clarity of illustration. Stator w ndings are arranged
as shown in three phases with three pg es per phase, or a total of nine
pol es 401-409. All wi ndings of a single phase are in series. The three
phases are coupl ed together in a well-known "we" configuration, wherein
311 pha&ﬁs asﬁsqeuatﬁd t® aneogide @@naﬁaksnmge, !Acﬁﬁﬁt@tiQOB ?urrenthis
driven thro ses at an one rivi ou a_first phase
in a foFRﬁngai&ggpggﬁ Qﬁdafﬁré gita sé@%g EXShﬁgéa?geihéorgggrgé 18i PEcti on.
E.g., ithe Gpﬁh@ﬂb sau&vendbyveueEQtoph&@ﬁeﬂ;tSmswbtcmed ofip pogiaiedrrent
'si nk dr| er f ox 5 ase ﬁ ia smﬁhfhed on, gr ﬁﬁ fl om/Lgog1the &Ease A
line, il §eFF§§S HEGhgReBRSse & GPNEFnJBC%0% °§B ﬁﬁﬁeﬁovl nd2B&ckWard in
series tbf@n&hoabaaﬁdBpwbmdb@g%hé081s405ndndcﬁ02toandsQumblhééugh t he phase
B |ine. In thi s case, E rrent wl i ro n t he ase m%gd aﬂ v si nce
both t hELBFEYERignBOEHEeS| ARTF GPRERYLL1RT ? BReE@F £ RReAT eVPair of
phases aﬁan@oﬂmuﬁ@aat§ngha@gadaheth@&aaeviae nMBgBRt b Arhysag field of the
stator. Permanent nmagnets 421-432 are circunt erentlallg arranged in

al t er naFPREUEEFar pE§ BRURKE AReFiEGRihdFRESI 18érfadB BRiSotor housing 302,

as showamhbRemaRgnetsrcahasearihe 100t gt sRewAREAEhtEdd6h¥ENdef tREd, causing
the rotor to rotate at the speed_of rotation of the driving field. In the

exenpl aP)CLPaHEE] FOFBEApBYCDasAT Ladr ARFoRNS! CRYET -4, FRUEWChal FRBS CaFfvi ng

phases @ﬁztEsuiaahQEOWbblmeanteaeaﬁgédéntheeueaa/agéﬁ @ﬁcl@!@f@}'@ﬁ af the
rotor, . hase galrs - A-C, B-C for one paole, and B-A, CGA CBfor

t he nexPOftWQﬁOQﬁO BQGSleCIQODP€§/E9E1b§4@94n56¢e1n$h¢§ He&ns that for a
3- phaseegtabghraNdwaild- BALENES! Bbrtibni $sexpested bhasiddecnai r of driving
phases of the stator nust be changed 36 tines to drive the rotor through
one conpReiespegel ubi BAUITAEYT Bfchrafl/ FHFRERBAPT gBFEETBHIERCT B8 MB5E be a
change it AgyPatEathed! 8b0knBNBEEAGRCHRTaEELNEDrWbY. CvRRY 10 degrees of
revol ution of *the rotor. The angul ar position of the rotor at which the
stator PRESEY¥NaMaCsElidREd1Ng pakhr peBerd/WEL e cHEADEAECBR &I NiS In a
CO”VentEB?leHDEQrtheogﬁHték'?Qcﬁoh@ha/§95bén§98hnaé£¥m999ui09t 0, 10, 20,
etc rom sonme angu erence position of the rotor. In accordance
wi th thédpﬁéséﬁtdiﬁkeﬁﬂréﬁcenﬂﬁ8r random | i ke variations are introduced
into these commut ations points. For exanple, commutation on a particul ar
revolution may occur at 0.23, 9.89, 19.97, 30.30, and so on. Preferably,
comut ati on HBédendiskcanivat 1PRe 15aFBOWRt Wathpbiat difke Ba¥kn@evol uti on,
SO thatmhmtépigbaﬁgueehrESEQEUEbenreEokaenﬁot9& shB8180BBUHAGEPBLHBENt S
will be different be under st ood at many variations are possible
in the §hﬁ§n§éﬁeﬁfe§ﬁn§t&PSﬁnﬁhQnr§9§ideFéélz9hﬁl@r%MBIUQVbEGnﬁnent nmagnet
pol es agﬁnaﬂewalaktaebeﬁab@nbhs ﬁQE@Er'Huﬁbgr 8¢ éﬂgkéheaﬁaaﬁﬁétCQEta'nS
ni ne pol es (three phases having thrée poles each), it wi [l be understood by
t hose swppﬂédbﬁnppﬁélbﬂ? traeMPhEYNQRbYr 20fipgtAuAdhk FuGhRRECpOfed, stator
pol es, Skato ary, and the nunber of commutation points may
vary ac?gggin F ?e???&?ﬁg”@é;?her be understood that the stator phases
could be connected in a "delta" configuration, or that as an additional
vari ation, Feg"EU§Er9tﬁéghwxeveﬁoaaagyaﬁtb@ntﬂaymsg £aéﬂeétféﬂiéa| tap
all owi ng an itrary single phase e energl zed her nor e, woul d
.be possB%E@enﬁsppévﬂééksdﬁéﬂatéOQV|ﬁéOEFﬂGuhPWytEﬁIPo@rgeﬁgﬁ%?@tﬁﬁlV@ | i nes
to “‘”deQSaHBthE§ 388PtBN2Ae. t2ankhAkeL Rkt RIEUAEEr URLYEP ARgParal | el

and not I1n . serie
spindle motor, according to the preferred embodiment. File

controller 201 provides a data interface to a host. The
“*host” is usually a computer system such as a desktop computer
system or a mainframe computer system, although it may be a
special purpose device such as a personal digital assistant
(PDA), a digital controller for machinery such as an



WO 02/ 065466 - 19 It should further be understood that Figs, 3 and 4 are
intended to represent at a high level the major conponents a typical disk

drive spiwd @/e8deer . Many variations are possible in the dgsygsial:
pl acenent of bearings, magnets, coils, clanping nmechani sns, and the |ike,

within the scope of the present invention. PCT/EP01114131 Conmutati on
requires that the servo processor 203 determ ne the current angul ar
position of the rotor. In the preferrad-enbodi nent, position information
read by a read transducer and decoded by channel 202 is used for
determ ni ng angul ar position when the rotor is rotating at operational
speed. &atemabliye an mbbetpadbe aryhofl variobs efiker ddigigah geowecesip

sroutine.while,th Of 4| i o] o] p.to e i hg. speed.

A ternactoerar L8R, 28t 5ars BE04Pe8h e e LOBES 0! DRB OB A ABRT R g

speed asfwdlikk ArieenadDyeinelbdilsgi sethidBusensomy &decdracdndEM- of t he

'stator CO%%EQF8E%EEOVid%§85a segarate sensor nechani sm such as a magnetic
. r

encodi nd™ &%8e PHcBERBFIS0PULEE " HRST L F o $Rf or mati on to
ge_t erm deayhessiespr egh6365é_ebt7erp, bﬁtdri VEMa Nl V@léc'ﬁﬁomilﬁsl nz@2i t udgs_) of
rive current requir .and i ts se, paranmeters tp spin npt or driver
205, whPERVEiEh Haner atsdh: aedr deterelREiPR chract rar Erabiete i TAS
processarig03ni 06l dAd@sreaadofromathendsf €ki shefadl5 whervo sposess$be
connutaébgn.ggints End corresgond;ng not or ghgses to be drinp. Servo
process6P> 28R RERPEFEsSERVP Rt IPBL Br OBLRI ANt TR HE $HLL BRI TREYS n
ConEutSphﬁﬁefﬁggshetha2aisﬁ d@teéﬁtgg%thwe?@¢tﬁﬁtophasf_$pd%$fé the stator
to be driven. ation register refer con ns enfries,
Surfi i BAEOTSF h Bhepr BoFBORRS  E0OPSEF ot OBt Lt 11 Ty Rt et 1E S
smal | er ZUMUbeSleroe?i:bbéésMi ghladetephnies Bife ndosvshrpbpardmsters WO
02/ 065466 - 15 PCT/EPQOL/ 14131 In érgégreferred enbodjﬁnnt control program

231 exelffi AGEHATOF oRREQHr 8D9 1SB4D QLR r IR P ERVL &%t FRFSE 1 3%

oper ati @ApAtsdtskadtiiy€otORot Or 2t BVe t BEr &M@l tiep 204 CATAEindTe RSt &t er
225, thus, causin rocessor 203 to rate nm nor, sem ndom

variatiGﬁéVFnc%ﬁguig%¥8?§§ronAEB?ﬂF%F W?ﬁggn BE@%§C%EF@ﬁﬁﬁ¥|%éfé?%igh | eve

iI n tFihg- géfr?fﬁrfbtp&esi arkve. clrréhe ktlzé”éctic\z’?lé-?ﬁr i\ﬁoidﬁ% ltés@ii %’mfbﬁb%p(\ﬁﬁ)lgg ate.
n e .0 state, NnO power |Is a 1 e (0] e Spi e notor. | ye
exi t s t hi7of POSEEiGPIRBNATRRAERE I DENER fdSs PRRRrLOrFcveht (HRES01)

Thi's mayee68UAri e OBErEhigeyerab %@dﬁid&iaﬁid@%@ﬂb@rb@ tongpEicly W t hout
power, i.e., truly "off", in which case i% exits the off s atgggexits bl ock
501) upBAtPEWEPObefRGVADEI FRE FPBAT aft ekt A i 03 ok LR LRM A HC g ti on
swW tch, ggaysspgi60at hotLberu20¢ hereomer-up and a control programto begin
execution in processor 221. ternatively, external power may be applied to

the drive at all tines, but controller 201 nay interrupt power to the

spi ndl e not orrafBannetsandoobher aet 8EREQNYLS; 1é4d ti Sel terwRRiteve,
processor 221 waits_in an idle |ogp for sone external comrand, jnterrupt,
or sim PHEItERLAXET 024 BRflr bfh BERE Kk BBYtIRBEFEEx? 11 nd'BIERKEED 1L cont r ol

programgsa Begpheédatpoweltdpdeivehezds skndriyed aprhfieel 2mes bringing
spi ndl e notor 206 _to oBergtlng giged stsg 502). 1In gggeral t he di sk

t ransduf&8FBesF&VEhYnl eRead, 8% PFRRHAR A hEC FR%Neht i | the spindl e
notor i g18e8kohi&sopepat i eRahnepeelecErdri it | Srovi@ssl Diigut redsetite an
appropriate pomgr Uﬁ command to servo ﬁéfcgssoi 203, £Ia€|€§ it |£ a
power - ufrsVat 612t _BEEHP}EFﬁE§s%%% 2k 2130t teft Pneoml ¢ %ém?? Sa set of
val ues kge ft9E2dg bR E@HH’!’!P@F'985%&%§*§@rt82c5onﬁfl@§esi/@1hél.@$21343| fiforh he

nom nal commutation_points (i.e., 0, 10, 20, 30 ...) for, spindl e notor 206.
I'n sonefédgesontrelaprofOfmy Magretic patterns repreésenting data or

servo signals are sensed by magneto-resistive read elements in
transducers 110, amplified by read amp 210, and provided to
channel electronics 202. Channel electronics preferably
includes a partial-response maximum likelihood (PRML) filter
for decoding data signals into coherent data for use by a host
system. When writing data, channel electronics 202 encodes
data according to a pre-determined encoding format, and



WO 02/ 065466 - 16 PCT/EPO /14131 difficulty starting and the controller
may i nduce notion by any of various known start-up techniques. Wth servo

pr ocessor wifid/oebusk he power-up state, it causes spindl e notgdEsiiMei31205 to
drive respective pairs of stator windings with a predeterm ned start-up

current (usually the maxi num al |l owabl e). The servo processor determ nes
angul ar position as expl ai ned above, and conpares this to the nom nal
comut ation val ues in register 225,-s\M t€hing stator phase pairs as each
comut ati on point is reached. The control programthen alternatively checks
a power-up tinmer (step 503) while it waits for the notor to reach

oper at i pravidpecthistdpt 5079 . writengrivke 3Berwiictecondsufrdrireesiotor to

Teach operat] gggﬁgﬁ?@@ﬁ%n 408 VL S,PELL Oh et GRN LA A

perforning di or o r functions, e servo processor 20

conti nues bhe wriveespimdtlre ndiok 206facet he rated start-up current, using
‘the nom nal conmutation values stored in register 225. If the notor fails
to reach operational speed within a predeterm ned naxi nrum period, the "Y"
branch is takesitiomisgepf S08ansdueer®rlh@sbhggchieyphdrntadsgstep 505),

and the_drive shuts itself d S 5 ratd o § Sn I eached
before F??T%%%‘f’]? #ﬁ%p"srys%?%n%%él%g@%nggr%snéﬁs‘f%gseﬁgé’ %%&F r ac?hlls%'g

oper at i ci@hnspeetect hentont202, psegvarnprocds sy 22383 amdtnetov adf e to
random %@Eg ta(gl e g32tc§5te£ 510% 7Taﬂ:£ rg_%gué;é)péa]:l% f@a@r%&yvcpf of f set

val ues b BRIV R FRBRE nhP 7 £ontRR BT TETE Shgl o5 1o Ueterm ne t he
actual parretnsi pecondedsat cpdeiodid hyteerals prociisslorsi20Bades kWit chi ng
stator phases._The v

| pes.in . tab . e dom or
seni-ra ‘T’ﬁp?’é%e%lg?ﬁo#ll%yb%eg%%?c%ﬁétéeqcairy’s5?%1% %(;EI{‘?C% ggabée)é/?%%ogrr]iaé;t all,
but merebyvé ot e pearpssition oinScatd eieu hherhaddeld &loedtwomiors nad2 ;
comut ation_angl es_as_descri bed; herein., Thes e t WO
02/ 06545 1E6T Foho Bty £ 155 %%%%r%e%&fz%%%s?ﬁ%ey&ﬁ%frﬁ%@c%%nge.
Thﬁbnur@geﬂﬁiml atg sambwn € o £ ndi b ecmﬁlsﬁems mufe:fremmw kg esatppl ddvhrta he
nunmber of copmutatj on nts in a revolution o rotor, i.e. r,eater
han 3657 TERTRE CBMFoh O R 2 SHATT B PR A dihioentr ftas I8 The
random peRpEaFéAOd PRV CuPfedibeinf fesiondd ped addrirol tsigngll efrsmed t hat
the nunber of entries ig;_p(?1 abl%ﬁ%BZ be a ~gri rre%ﬁmber r that it be a

co t

conposi $&F FRINBEPCHSIh C FREY DT LS W RS % omut ati on
poi nt s ifNfermeyobuttoniwietbeet cdnguldhepeoitia  gdgsrowiden generates a

set of 36 conmutation points, (angle for single c | et vol uti on of

t he rot%ﬁ’?r%ﬂ’éhﬁt%sc%?'gﬁ% ST;L‘S%i S 'fs% ‘T‘?Jrréc?l? rfi‘%oﬁiéz)lénis)vearl %% vari abl e i

to 1 (step 511). A single comutation point (CP(i)) is then conputed as the

sum of the ngmnal co at i oi n | corresponding.to the | oo

vari abl e and® eo‘FCf”%fe’?gﬁ%ﬁ] ?Qbf@r%%#%i\lé els%%ﬂﬁﬁ?% R Oqlf"@m?%%fee i ndex P

vari abl gré5669051221 WheckoskeoOhtos ogr eontheh prwyeamene 31 tiesidept vini abl e

i and table index vari ablhigglitg? 513 12%2' pop_variable i.js incremented

by one: FER@-PRbY MEROEX e?fhcr it et S h % "é‘?f&)tfbi%ycl e through

L he ents%fﬁcbﬂdﬁ@ﬁbﬁ 2512%%3 acé@slﬁdméx@cb'f)y,l b@lségcorbténti mﬁpbtdieﬂrx] tmaglti vel y

e possible_to achieve, iitional .yariabilit i ncr ting .t he table

i ndgx ofCk oheS bt WRED b %gg.dﬁ?ﬁ‘?, bﬁel?a%?‘%e?%ﬁe‘%o%ul ?@ﬂ #‘ﬁ%’%%nt ed by

the curigpiudesuge PindomDiihy GabEel D3&) ovmiesiming a nset sySteamadmck.

Si nce the nunber gf tab#e i ndex val ues shoul d not exceed%ﬁ?e nunber of
f5gets |

entri es@P@utahl @ I nERPPRERRIPR PheSRIMILE THeCh nd&x and t he
i ncrenegésAPPLEY, ndBEUE@L Ny MBgeenN | Bildeconitbellef £nds i hscludésabl e 232.

volatile read/write memory (RAM) 223. RAM 223 is used as a
temporary cache for data being read from and written to one or
more of the disk surfaces. RAM 223 is also used for storing
internal state variables necessary for drive operation.

Although certain disk drive features are shown and
described above, in particular separate magneto-resistive read -

and inductive write transducers elements, it should be



The control programthen checks the value of i (step 514), and if it does
not exceed 36 (the nunber of comrutation points in a revolution), steps 512
and 513 aw® meeerted. Wen WO 021 065466 - 18 PCT/ EPO1/ lpEhdipodasi3eW
comut ati on poi nts have thus been generated, the "Y' branch is taken from
step 514. The control programthen waits for the spindle notor to conplete
its current revolution (step 515). Wien the revolution is conplete, the "Y"
branch is taken from step 515. The <confrol programthen causes controller
201 to transmt the 36 new conmutation point values to servo processor 203,
storing themin the corresponding entries of conmutation register 225 (step

516) . Thh8epstbosathegt!t ﬂl@e@@\/\éﬁ@nﬂytﬁéy Ofif p@éé&ri@iﬁl@stﬁ@ Pee f6£Le@n the
-next succeedi ng revogutlon of the tor 0, power down, I ndj cation has
rQ@ﬁ%ih

been r eBBPOEHNERE PR EY7) aNEHEE CERR DI P }41eYP (R ECE 0t R ep 511 to
Cgﬁ{)ﬁt ep@tegéwc ffﬁﬁv@ﬁtg@ﬂ“ﬁtsﬂﬁg Oa%I :@f’éf\ént/aiﬂ%sdﬁef h@lérﬁéﬂl?ﬂY\'ﬂ'@% dSENﬁi‘ ution
'0 e rotor a indjcation is rece ra |s

t aken f?%H?EP%513§7§l%ﬁdthﬁen%?%+g?s%%%5%?%ﬂ of t(%?ﬂbﬂgog rthey be
under st gREetH8b0di SKatlr vael@@gralé@ﬂﬁomm et @hyesh &9t S pdureh eam)fple oper at ion
have not been_shown

trol | 1
cont ai nSOREFPL pEE %%Lcu??gﬂF?§ %Q%c%ﬁ rﬁé?ééLé?oégg%%$ 8§p?ﬁ | 30 Cﬁ%?gr

control 14Srogl y2 0RSr Bllﬁ@tﬁ@h@é%uﬂ% b¥Es ) esmonelsa t (bﬂ@f‘ryrdhcﬁf@r@flt types
of commands; “responsi ve behavi or

e ver conplex cha
i nf or meERBAEWEN bReCHBRINAdyaS eﬁuﬁ%’ég%%n‘?o %‘fc,mayi'ﬁé% "g%?‘g}?@ have

been omited) f{9Mutheadessri ption herein for clarlty of illustration. In
general , ﬁe ro%?%nes executed to inplenment the illustrated enbodi nents of

t he inventlon whet her inplenented as part of an operating systemor a

speci fi ¢ appjCabé OPre BELPEA TGN Bfént /TS RI08 [HEERIENERE oislast ructions
are referred to herein as "progranms” or "control_ prograns" WO

02/0654BEUSh1955FQﬁVQ?tﬂI1h§@ln%r®gm%%%lT®Rﬁ%ﬁu?%ﬁQﬁﬁﬁﬁW%ﬂP¢?%§ruct|ons

whi ch, whgpokeadyandoE¥RENERE RYGREE FHLdP) EoPIHAEE S Eal Ted heiklemises or
systens In_a conputer_system consi stent wWith the invention, cause those

devi cesdesigyst efbgt 03 pbs f drpa¥ b2 5t eprs feeestkignal oview of spindle
motor 206, in the plane of the rotational axis. Motor 206

includes a base 301, which is rigidly attached to base 104 of
disk drive 100. Rotor housing 302 surrounds the various motor
components. Rotor housing includes a central shaft portion
310, which engages bearings 303 mounted to a hollow
cylindrical projection 312 of base 301,

Rotor housing includes a flange 311 projecting from the
outer bottom edge near the base. When installed in disk
drive 100, one or more disks 101 are fitted over the rotor
housing 302 and supported by flange 311, the rotor housing
then projecting through the central aperture of disks 101,
with the disks being clamped against the flange with clamps
and spacers (not shown). Thus clamped, the disks rotate in

unison with rotor housing 302.

A multi-pole stator 305, containing multiple sets of iron
laminations 306 surrounded by respective wire coils 307, is
rigidly attached to the cylindrical projection 312 of base
301. A plurality of circumferentially spaced permanent magnets
of alternating polarity 304 are rigidly attached to rotor



execute steps or generate el enments enbodying the various aspects of the
present invention. Mreover, while the invention has and hereinafter wll
be descriwedims#she context of fully functioning digital dewe®s1s4deh as

di sk drives, the various enbodinments of the invention are capabl e of being
distributed as a program product in a variety of forns, and the invention
applies equally regardless of the particular type of signal-bearing nedia
used to actually carry out the dist+ilfutd on. Exanpl es of signal-bearing
medi a i nclude, but are not limted to, recordable type nedia such as

vol atil e and non-vol atile nenory devices, floppy disks, hard-disk drives,
CD- ROMouimy s304vadimna it irap et omque transaticrs inmustiye 36diim wiah as digital

-and an é&ggngﬁ ians, Li ' ' id.el.ess._co ni cations |inks.
Exanpl Z‘i‘% Sl gna C%té%%ﬁn rrérnsbl |catfac§1gA% ét}%larMa leec} | r%’e%‘ueg’mf‘ﬁ Yi sk surface
102, irstREtpr BEs. ROM 222. In the preferred enbodi ment descri bed above, the
‘brushl ess DC electric notor is used as a spindle notor of a rotating
magneti c di sk drive data storage device. However, such a notor could be

used in ot héfignv ricnreergisnmlsi fiedd .cids sc@mdat iainadr vdtew @lfy Mo adssebas a
spin or_ for_an_opti . di-S at a..st aor.age vi ce, .such a ROM

DVD- Rg[\%tn & Bafdi% pétﬂpﬁ%gdylecsl.la\l% dccooaﬁhcf % l?&eﬁ?g_‘& 48T d&ﬁ'\% tor for a
magnet i shawsp e hoateer retrgreaen tdeofi_oril HHipla Istatior polled Reidusedoas an el ectric
not or i f |ications .unrelated to data st.orage. Jn the
pref er r“[é@% é%%di%ﬁt%g%éﬁﬁﬁﬁﬂﬁ% oiaM% XA Adagha &&aiﬁ%dﬁo&

pr ocessurardftya odi sk fudter adririrr.ol |Sdra tgan erizidd 1 gtsh @ reo atiadlgiedn agoi Nt's by
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PCT/ EPEhah4#dlto rotate the magnetic driving field of the stator.
Permanent magnets 421-432 are circumferentially arranged in
alternating polarity on the inner cylindrical surface of rotor
housing 302, as shown. The magnets “chase” the rotating
magnetic driving field, causing the rotor to rotate at the

speed of rotation of the driving field.

In the exemplary stator/rotor pole configuration of Fig.
4, each pair of driving phases of the stator will be reversed
with every pole of revolution of the rotor, i.e. phase pairs
A-B, A-C, B-C for one pole, and B~A, C-A, C-B for the next



1. Arotating magnetic disk drive data storage device, conprising: a disk
drive base;. a rotatably nounted di sk and spindl e assenbly, said disk and

spi ndl e aggrdEsysc6ONPri sing at | east one rigid disk for reagarEbodd4131
magnetically encoded data on at |east one surface of said at |east one

rigid disk, said at |east one disk being permanently nounted on said disk
and spindl e assenbly: a novabl e actuator supporting at | east one transducer
head, said actuator positioning saidj§ J4east one transducer head to access
sai d magnetically encoded data on said at |east one surface of said at

| east one rotatably nounted disk; a spindle notor rotating said at |east

one rotgdpbl y TRLEtRSkRE SkhandfsPi Hd-prasse B atorsaird wpi nehgor®t or havi ng
-a nulti-phase el ectro-nmagnetic stator and a pernmanent net rotqr; a

Spi ndll cFHERBr | 49 RFERTHFA tREE S Rt Al HotBPHRRATRE dHpar us

pr _ovgfli é‘@a?éf \&ng¢§t'_r15@rt§hé&g§?i 36 i rhd s {ﬁ’tﬁfcli?ria}@q?féﬁjmtﬂl@rc&l?i Qir_;ed S§i d
'spi ndl e notor driving apparatus seguentja SwW tchin ases sai rive
cur r ent CRPESFS e%?)‘b‘?ﬁ?%@o%ngl ﬂéelfﬁg‘ﬁﬁ a’}(‘?%nélkblfs 5%9#]@%5!%%@ s%f@rﬁﬁ e
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storage device of claim1, wherein each said sem -random offset is obtained
from a tsbrefewredi te s aa premertaion Rty andbi AIENEEIRRS. 3. The

r ot at i ng, ABONEL o SKi Gl | Y51 5hE QS A A e G Ricued aiEn S, Werein sai d
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entries N ip, saigl {ab) Laexceari 0ty erdPhed GREAERIH OmpedNts P in said
el ectro-magnetic stator. 4. The rotatin naﬁnetlc di sk drive data storage

devi ce vandomikilke vieiakionhea kg cbhler? B GhAS L ICBHA L GRS one. 5.
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rotational speed,” and thereafter varies by said respective sem -random
of f set pathtsuterssich mepkubionotse gt in a subsequent revolution

of the rotor, the commutation points will be different.

It will be understood that many variations are possible
in the arrangement of stator and rotor poles. While twelve
permanent magnet poles are shown attached to the rotor in Fig.
4, and the stator contains nine poles (three phases having
three poles each), it will be understood by those skilled in
the art that the number of permanent magnet poles, stator
poles, and stator phases may vary, and the number of
commutation points may vary accordingly. It will further be
understood that the stator phases could be connected in a
“delta” configuration, or that as an additional variation, the
illustrated “wye” configuration may contain a central tap
allowing an arbitrary single phase to be energized.
Furthermore, it would be possible to provide separate drive
circuitry and/or separate drive lines to windings of the same
phase, so that the windings are driven in parallel and not in

series.



6. The rotating magnetic disk drive data storage device of claim1l1, wherein
said spindle notor driving apparatus conprises: a nenory; a programabl e
processor wex@mesdehg a control programstored in said nenorpor/evdigizser vo
processor responsive to control paraneters issued by said progranmabl e
processor. 7. The rotating nmagnetic disk drive data storage device of claim
6, wherein said servo processor includes a commutation register for
identifying a plurality of commutat+ohdpeints, WO 02/ 065466 - 23

PCT/ EPO1/ 14131 wherein data in said comrutation register is provided by
said control program executing on said progranmabl e processor. 8. An

el ectric not dt, shoupdi §iinghea basendarstivod- phateFéyect 3oandghedre stator

navi ng Apeeidef BAcheralabf: Thabnafofi rehoPhfntar S epgREn e rbe Ve o
al t er nati ngptireghetiiskf delide gphrdieemobyrsaiMasyavariatihons are

possible in the design and placement of bearings, magnets,

coils, clamping mechanisms, and the like, within the scope of

the present invention.

Commutation requires that the servo processor 203
determine the current angular position of the rotor. 1In the
preferred embodiment, position information read by a read
transducer and decoded by channel 202 is used for determining
angular position when the rotor is rotating at operational
speed. Generally, an alternate method will be used during a
power-up routine while the motor is being brought from a stop
to operating speed. Alternatively, any of various alternative
methods may be used at operating speed as well. Alternative
methods include sensing the back EMF of the stator coils, or
providing a separate sensor mechanism such as a magnetic
encoding wheel. The servo processor 203 uses position
information to determine the stator phase pair to be driven,
as well as the magnitude(s) of drive current required, and
inputs these parameters to spindle motor driver 205, which

then generates the required currents.

Preferably, servo processor 203 includes a commutation
register 225 which stores the commutation points and
corresponding motor phases to be driven. Servo processor 203
compares current rotor position with the values in commutation
register 225 to determine the correct phase pair of the stator
to be driven. Commutation register 225 preferably contains 36
entries, sufficient for an entire rotor revolution, although
it may contain a smaller number of entries which are rotated
on a round-robin basis.



a notor driving apparatus, said notor driving apparatus providing drive
current to said nufti-phase el ectro-magnetic stator, said spindle notor
driving apmemiessmesequentially sw tching phases of said drpyeesdifiigit at
correspondi ng angles of rotation of said rotor, said spindle notor driving
apparatus varying by a respective sem -random of f set each successive angle
of rotation at which said notor driving apparatus sw tches phase of said
drive current. 9. The electric notor ¢ el aim8, wherein each said

sem random of fset is obtained froma table containing a plurality of

sem -random of f set val ues. 10. The electric notor of claim9, wherein said
not or dri vi ngnapper prefeurses sabodimeal:, sepntradtdprogtasel3tal ues from said

-table in _a round-robin pattern he .n er of . sem-ra m_of fset entries N
0 sai 4 SKEERE L9, ABaPRG R SR 2A LoP CunE: SOPSRORORR, S0B FRPLLPAs”the

el ectroopegaetiba sttatdsk Hkivehaoel eot ailterothe oblokai iml@pmwheseinnt he
'gr eat est _conmon %gsto% of Nand P is one. 12. The gb c%ric motor of claim
8, wher &EF1SLEY or COHSYCRYSABFarEEYS BERSCREPY § § 98M8 PESpecti ve
sem - r apdeBrokbmet ranibn02/a@82486ns 24 tReTEbRMLLa413h padchtsuccB®asisve
angle of rotation at power-up.of s?%%Filectghc tor until said electric

r d

mot or hREO5ERFetSd SHOPPeddt & BB t tBnaf-9spBed, and thereafter varies
by said respective sem -random of fset each successive angle of rotation.
13. The electric_notor, device_of ¢laim8, wherein said, or .drivin
appar at us coffr SHewn &nnéﬁﬂkySa Hﬁégrg%ﬁgﬁlé88r6§e§§b lggigu Pnanaoggntrol
programstheeed IR %aied “GEFOT BitakeGOMBUbaveeNikegppleedf @b tHenkplydie a
plurality of commuytati poi.nts, wherein data in sajd conmutation register
’s provi@EaThy Baidecdlts SR i5EoshanPEeEiPrRgUBANS RS BEGHFARRESI 8T

processgbwe?Rdn event (block 501). This may occur in one of several
ways. Drive 100 may be completely without power, i.e., truly
“off”, in which case it exits the off state (exits block 501)
upon power being applied from an external scurce such as an
ignition switch, causing controller 201 to power-up and a
control program to begin execution in processor 221.
Alternatively, external power may be applied to the drive at
all times, but controller 201 may interrupt power to the
spindle motor, channel and other electronics; in this
alternative, processor 221 waits in an idle loop for some
external command, interrupt, or similar event to exit from
block 501.

Upon exiting block 501, control program 231 begins a
power-up of the disk drive, which includes bringing spindle
motor 206 to operating speed (step 502). In general, the disk
transducers are unable to read data recorded on the disks
until the spindle motor is near its operational speed.
Controller therefore transmits an appropriate power up command
to servo processor 203, placing it in a power-up state. At
roughly the same time, controller 201 transmits a set of
values for storage in commutation register 225, these values
being the nominal commutation points (i.e., 0, 10, 20, 30 ...)
for spindle motor 206. In some cases, the motor may have



commut ati on apparatus which switches phases of said drive current at

comut ation points specified by said commutation register. 14. The electric
not or of woedteeWherein said notor is a spindle notor faicEeeatisng one or
nore data storage disks of a rotating magnetic disk drive data storage
device. 15. A nethod of operating an electric notor, said electric notor
conprising a nulti-phase el ectro-magnetic stator and a rotor having at

| east one pernmanent nmagnet which rotaigs-said rotor responsive to
alternating nmagnetic fields generated by said stator, said nethod
conprising the steps of: defining a plurality of nom nal comutation angles
for SmﬁH@htm@ugeyresa@mdhggaﬁhaSHS obnsablilekentyoindgoet mot sdatby bei ng

-driven b ctri¢ current: addi a respective sem -random offset to each
respect H¥ ﬁg VﬁﬁFoeﬁn%ﬂPapiB aﬁﬁgPB %8c§?6838§'a corresponding plurality

of adjusted conmutation angles and WO 02/ 065466 - 25 PCT/EPA /14131
'swi t chi ng phases of said electro- neti ¢, stator_bein Lven el tric
current at sﬂﬁ&ﬁ05FF¥§pBﬁﬂFﬁ§SBFuEggi%9 ﬁPeaEPﬁgfer gﬁﬁﬁ?at%B %Hﬁgg
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ffset val 17. The nethod of t | f cl 16,
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table ceppmnlL$8%i8aCoa3LRSE &herabue@brtzzgt seitenndgnseataet pakaes in the
table in a round-robin pattern, the number of ﬁegl-randon1offset entries N
0

in sai dPRAEFea6x 6AEH RETAUSARHEP BPLIREmMySt AERGReHoi nts P in said
el ectromagnetic stator. 18. The nethod of operating an electrlc nDtor of
claim17, wherein the greatest comon factor

met hod of op&h&t FR§LARIePELEFRR ﬁB?BraéFeEPQFﬁVEEY ﬁﬂ@?gﬁn sB?HegtBB of

addi ng @;jmesPqsktiepe 598y whandomolhses tereant ﬁ@&@QCthEeH@H1na|
commut ation angle_to produce a correspondhgg g grallt 0 %usted
[

commut aPPefakignad spere: (§EEPoPREY - untFl PeBEVPER ORds Lofi eved

a prede%ﬁ%ﬁha%érrgbakbgeﬁl ?EQQ@&OQQQ sﬁeearfonagﬂngheheafp@floao the
program product for control t he operation of an electric notor, said

eIectrl§0n§¥@ﬁ1§§nﬂﬂwsbﬁgP&rﬁﬁrmﬂnﬁhééégBPﬁEﬂFogﬁa@ﬁBFFcfEPﬁFanﬁnd a rotor

having g ihgagkroBe E§ g%@tzﬁégeshtmﬁhea E@téEQ%eSQanHQEOﬁOEQEDQOSIVe to
alternatlng magnet |§ enerated by said stator, said gran1product

conpr.samgtaepraﬁaﬂusyaét-ppo@@§§@ntexééeaabFBeuﬁ@@iﬁé%.ﬁﬁ@mPE 5188d on
si gnal - Q%ﬁﬁbggs%ggb@ ﬁa@%thtQ¥ 225, If the motor fails to reach

operational speed within a predetermined maximum period, the
“y” branch is taken from step 503, an error message is
generated (step 505), and the drive shuts itself down (step
506). If operational speed is reached before timeout, the ™“Y”

branch is taken from step 504.

After reaching operational speed, the control program
initializes an index variable to randomizing table 232 (step
510). Table 232 contains an array of offset values to be
added to the nominal commutation angles to determine the
actual commutation values to be used by servo processor 203
for switching stator phases. The values in table 232 may be
generated by any random or semi-random process, or may be
calculated so as not to be random at all, but merely to appear
random or scattered when added to the nominal commutation

angles as described herein. These values are permanently



WO 02/ 065466 - 26 PCT/EPOL/ 14131 controller of said electric notor,
wherein said instructions, when executed by said processor, cause said

mot or conwambd/imssasso performthe steps of: defining a plurapdfipifisfygm nal
commut ati on angles for swi tching correspondi ng phases of said

el ectro-magnetic stator being driven by electric current: adding a
respective sem-random offset to each respective nom nal commutation angle
to produce a corresponding plurality of adjusted commutation angles; and
swi tching phases of said electro-magnetic stator being driven by electric
current at said corresponding plurality of adjusted conmmutation angles. 21.
The progtamegr dduBOMoR28l asm 2DeywHer eoh shanigst epThé admbeag afrespective
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of semr omotfset entries N ipn said_.tabl ceedi ng a .nunber of
connuta??g%eg%iﬁ?soﬁefﬁ 58P éFeﬁ?r%¥ﬁ£555?$c€€?§t€??g%%pbqﬁéotrogran1
product entriteai im2fabhbekdlnbéha priad estmseomrosr f tlsdoriofbd &and P i s one.
24. The_program prod f.claim?20, whergin said step .,0of adding a
respect?gggggﬁg%rﬁﬁﬂgﬁiog?gé?gt%oe%%%@?%sﬁ%%??@% o n%?ec%Wﬂ%?gi?gn angl e
t o prodocmmataviorspointsgipl aredévoéyuviomdpfisties covatit ati on angles i s not
performed until said electric notor has achi eved a predeterm ned rotational

speed, and is performed thereafter.
- AYT. AR e. AFTRe AEbn 01 Abrodd@m AShdYY géYerates Al &e oA F6AL. ALL. AL L. AL. A

s-A2 '@Smﬁﬁtﬁii§%'$g§h€é %§%8f3£¢v¥or a single complete revolution
of the rotor, shown as steps 511-514. It first initializes a
loop variable i to 1 (step 511). A single commutation point
(CP(i)) is then computed as the sum of the nominal commutation
point (CPy(i)) corresponding to the loop variable and an
offset from table 232 corresponding to the table index
variable (step 512). The control program then increments the
loop variable I and table index variable (step 513). The loop
variable i is incremented by one; the table index may be
incremented by one to simply cycle through the entries in
table 232 on a round-robin basis, but it would alternatively
be possible to achieve additional variability by incrementing
the table index on some other basis. E.g., the table index
could be incremented by the current value of i, or by some
lower order bits in a system clock. Since the number of table
index values should not exceed the number of entries in table
232, the new index is the sum of the old index and the
increment amount, modulo N, where N is the number of entries
in table 232,

The control program then checks the value of i (step
514), and if it does not exceed 36 (the number of commutation
points in a revolution), steps 512 and 513 are repeated. When



{upkfa\ W ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] c: alU] ca] ca] ca] ca
Ul cal] ca] caU] calU] ca] caU] ca] ca] ca] cRa]c(a

ghG?| wr | g mwsddscal ca] cal] ca] ca] ca] ca] ca] caU] ca] ca] call qadoppdiaddsgal cal ca

]ca]ca]caU]caU]ca]ca]ca]caU]ca]ca]ca]ca]ca 6

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] cal] caU] ca

NQ[)\)I)y*****viw, , -/ - 18 -
/0000?71@L33330414h4i 44} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca
] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca! 4456777778,

<==7?738 ?RGETCCHCERERENGD &3 781 phave U ned )| Ined it ed eved flactad 2] thed caf‘ta] cal ca] ¢

-a]ca]c%!caﬁhcalca%%g}ca#_ *ca] ]gfﬂCaL]ca]caU]ca]ca]ca]ca]ca]ca]calaIIIIH

IU9U UUUW&VSV| w mhb] W U] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
| ca cal cal oal.eall cal o8] cglsal il el s el oA Gt YA S ndddd 15V e
f?T]{ Vp&@mlblétlsajblca] ?@t&@mﬁ ca?ﬂcﬂ%ﬁdmalsﬁ:ﬁﬁﬁ)] salﬂ]lrfai Eﬂie:a] ca] ca] ca] ca]c
a] ca] cal ca cal ca] ca cajcalc ca s> sTsV\ﬂvv> VVV7W8
vl XSS ETS 5 bR SRS o o a] LA el i R o SRR o 1 ca) e
ca] ca] cohea¢snt £81 Cprdgram atied ¢ C@A@ﬁeﬁad@ra&ﬂ@laﬂ&alﬂma'w}tzmﬂﬁ JeEM L{ | *

zup] e Z8F c%?“&a@ﬂ’%?%%’iﬁ%]?:%}’&%]%%]]‘c%ﬂ cta‘] SHTH BT ATy ca] cay ca] ca
] ca] ca] sedepd§ a&HéﬁCﬁﬁC@ﬂéaé5ﬁ@% entries of commutation

i el TS T e oo o

Yanov/ psé it ova Wi sE ced cé cad &dl @@]@r@d aed:0e] sl el bial g aleal nad o] oo cal cal ca
]ca]ca]caL]c %caLﬂca]ca]ca]ca]ca]ca]ca]ca]cals}kulwx 3@

°L{vqlg LIRS %]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caL]ca]ca]ca]ca]ca]c
aJca] ca] ca]cal calca]ca] caljcalca]calca!'LSb aPQ !-3[ @

?L{vqgl gb] W U] ca] ca] ca] ca ca] ca] cal ca] ca] ca] cal ca] calca a] cag c7a)] cajcalc
a]ca] ca]calc fc%ﬁ’ CRPWRY Hdjcain has eﬂ)%@‘% p

109%& () ¢ @O%% %S a?m(ahéﬂoﬁ/e?tdﬁnﬁweﬁsﬂé §1110%%p8edxapdt%° s\

109& ()9910%& -I 10%& ()-3"10%& ()- 109%& () 109%&' (

109%& () S ¢qmm@¢a§10qogggq§ valués for the follow1ng Qevolutlon
of the rotor. If a power down indication is received, the “Y”

branch is taken from step 517, and the motor is powered off
(step 506) .

It will be understood that disk drive operations
unrelated to spindle motor operation have not been shown in
Fig. 5. In fact, control program 231 typically contains
multiple concurrently executing tasks, of which spindle motor
control is only one. A typical disk drive responds to many
different types of commands; responsive behavior may be very
complex; exchange of information with the host may require
many steps; etc. These details have been omitted from the

description herein for clarity of illustration.

In general, the routines executed to implement the
illustrated embodiments of the invention, whether implemented
as part of an operating system or a specific application,
program, object, module or sequence of instructions are
referred to herein as “programs” or “control programs”. The
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programs typically comprise instructions which, when read and
executed by one or more processors in the devices or systems
in a computer system consistent with the invention, cause
those devices or systems to perform the steps necessary to
execute steps or generate elements embodying the various
aspects of the present invention. Moreover, while the
invention has and hereinafter will be described in the context
of fully functioning digital devices such as disk drives, the
various embodiments of the invention are capable of being
distributed as a program product in a variety of forms, and
the invention applies equally regardless of the particular
type of signal-bearing media used to actually carry out the
distribution. Examples of signal-bearing media include, but
are not limited to, recordable type media such as volatile and
non-volatile memory devices, floppy disks, hard-disk drives,
CD-ROM’s, DVD’s, magnetic tape, and transmission-type media
such as digital and analog communications links, including
wireless communications links. Examples of signal-bearing
media are illustrated in Fig. 1 as disk surface 102, in Fig. 2
as ROM 222.

In the preferred embodiment described above, the
brushless DC electric motor is used as a spindle motor of a
rotating magnetic disk drive data storage device. However,
such a motor could be used in other environments as well. It
could alternatively be used as a spin motor for an optical
disk data storage device, such as a CD-ROM, DVD-ROM, or audio
CD player. It could also be used as a drive motor for a
magnetic tape data storage device. Finally, it could be used
as an electric motor in any of numerous applications unrelated

to data storage.

In the preferred embodiment, a control program executing
on a programmable processor of a disk file controller

generates the commutation points by reference to a table of
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semi-random offsets, and transfers this data to a commutation
register used by a servo processor to perform actual
commutation. This arrangement provides the ability to disable
the use of semi-random offsets during motor start-up, as well
as providing considerable design flexibility. However, it
will be appreciated that small semi-random variations in the
commutation points could be achieved using many different
hardware and software variations. For example, the servo
processor itself may generate variations in the commutation
points, or the servo processor may contain all motor control

logic.

In the preferred embodiment, a set of offset values is
stored in a randomizing table and progressively added to
commutation angles to produce the effect of small random
variations in the commutation angles. Such a table is
preferred for ease of computation. It will be appreciated by
those skilled in the art that there are numerous methods for
producing a similar effect. For example, a random number
computational function or special apparatus could produce so-
called random numbers for adding to the nominal commutation
angles. It is also possible to derive offsets according to
some sophisticated pattern which is not intended to be random
at all, but is intended merely to spread the motor noise
spectrum at the harmonic peaks associated with the frequency
of commutation. As used herein and in the claims, “semi-
random offset” is intended to encompass any method, including
those described as well as others, which produces a scattering
of offsets from some nominal commutation profile.
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CLAIMS

1. A rotating magnetic disk drive data storage device,

comprising:

a disk drive base; _

a rotatably mounted disk and spindle assembly, said disk
and spindle assembly comprising at least one rigid disk for
recording magnetically encoded data on at least one surface of
said at least one rigid disk, said at least one disk being
permanently mounted on said disk and spindle assembly;

a movable actuator supporting at least one transducer
head, said actuator positioning said at least one transducer
head to access said magnetically encoded data on said at least

one surface of said at least one rotatably mounted disk;

a spindle motor rotating said at least one rotatably
mounted disk and spindle assembly, said spindle motor having a
multi-phase electro-magnetic stator and a permanent magnet

rotor;

a spindle motor driving apparatus, said spindle motor
driving apparatus providing drive current to said multi-phase
electro-magnetic stator, said spindle motor driving apparatus
sequentially switching phases of said drive current at
corresponding angles of rotation of said disk and spindle
assembly, said spindle motor driving apparatus varying by a
respective semi-random offset each successive angle of
rotation at which said spindle motor driving apparatus

switches phase of said drive current.
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2. The rotating magnetic disk drive data storage device of

claim 1, wherein each said semi-random offset is obtained from
a table containing a plurality of semi-random offset values.

3. The rotating magnetic disk drive data storage device of
claim 2, wherein said spindle motor driving apparatus uses
sequential semi-random offset values from said table in a
round-robin pattern, the number of semi-random offset entries
N in said table exceeding a number of commutation points P in
said electro-magnetic stator. '

4. The rotating magnetic disk drive data storage device of

claim 3, wherein the greatest common factor ¢f N and P is one.

5. The rotating magnetic disk drive data storage device of
claim 1, wherein said spindle motor driving apparatus does not
vary by said respective semi-random offset each successive
angle of rotation at power-up of said spindle motor until said
spindle motor has achieved a predetermined rotational speed,
and thereafter varies by said respective semi-random offset

each successive angle of rotation.

6. The rotating magnetic disk drive data storage device of
claim 1, wherein said spindle motor driving apparatus
comprises:

a memory;

a programmable processor executing a control program
stored in said memory; and

a servo processor responsive to control parameters issued
by said programmable processor.

7. The rotating magnetic disk drive data storage device of
claim 6, wherein said servo processor includes a commutation

register for identifying a plurality of commutation points,
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wherein data in said commutation register is provided by said

control program executing on said programmable processor.

8. An electric motor, comprising:

a base;

a multi-phase electro-magnetic stator mounted to said
base; -
a rotor rotatably mounted to said base, said rotor having
at least one permanent magnet which rotates said rotor
responsive to alternating magnetic fields generated by said
stator; and

a motor driving apparatus, said motor driving apparatus
providing drive current to said multi-phase electro-magnetic
stator, said spindle motor driving apparatus sequentially
switching phases of said drive current at corresponding angles
of rotation of said rotor, said spindle motor driving
apparatus varying by a respective semi-random offset each
successive angle of rotation at which said motor driving

apparatus switches phase of said drive current.

9. The electric motor of claim 8, wherein each said semi-
random offset is obtained from a table containing a plurality

of semi-random offset wvalues.

10. The electric motor of claim 9, wherein said motor driving
apparatus uses sequential semi-random offset values from said
table in a round-robin pattern, the number of semi-random
offset entries N in said table exceeding a number of

commutation points P in said electro-magnetic stator.

11. The electric motor of claim 10, wherein the greatest

common factor of N and P is one.

12. The electric motor of claim 8, wherein said motor driving ~

apparatus does not vary by said respective semi-random offset
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motor until said electric motor has achieved a predetermined
rotational speed, and thereafter varies by said respective

semi-random offset each successive angle of rotation.

13. The electric motor device of claim 8, wherein said motor
driving apparatus comprises:

a memory;

a programmable processor executing a control program
stored in said memory;

a commutation register for identifying a plurality of
commutation points, wherein data in said commutation register
is provided by said control program executing on said
programmable processor; and

commutation apparatus which switches phases of said drive
current at commutation points specified by said commutation

register.

14. The electric motor of claim 8, wherein said motor is a
spindle motor for rotating one or more data storage disks of a

rotating magnetic disk drive data storage device.

15. A method of operating an electric motor, said electric
motor comprising a multi-phase electro-magnetic stator and a
rotor having at least one permanent magnet which rotates said
rotor responsive to alternating magnetic fields generated by
said stator, said method comprising the steps of:

defining a plurality of nominal commutation angles for
switching corresponding phases of said electro-magnetic stator
being driven by electric current;

adding a respective semi-random offset to each respective
nominal commutation angle to produce a corresponding plurality

of adjusted commutation angles; and
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adjusted commutation angles.

16. The method of operating an electric motor of claim 15,
wherein said step of adding a respective semi-random offset to
each respective nominal commutation angle comprises the step
of obtaining the respective semi-random offset from a table

containing a plurality of semi-random offset values.

17. The method of operating an electric motor of claim 16,
wherein said step of obtaining the respective semi-random
offset from a table comprises accessing the plurality of semi~
random offset values in the table in a round-robin pattern,

the number of semi-random offset entries N in said table
exceeding a number of commutation points P in said electro-

magnetic stator.

18. The method of operating an electric motor of claim 17,

wherein the greatest common factor of N and P is one.

19. The method of operating an electric motor of claim 15,
wherein said step of adding a respective semi-random offset to
each respective nominal commutation angle to produce a
corresponding plurality of adjusted commutation angles is not
performed until said electric motor has achieved a

predetermined rotational speed, and is performed thereafter.

20. A program product for controlling the operation of an
electric motor, said electric motor comprising a multi-phase
electro-magnetic stator and a rotor having at least one
permanent magnet which rotates said rotor responsive to
alternating magnetic fields generated by said stator, said
program product comprising a plurality of processor-executable -

instructions recorded on signal-bearing media readable by a
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to perform the steps of:

defining a plurality of nominal commutation angles for
switching corresponding phases of said electro-magnetic stator
being driven by electric cutrent;

adding a respective_ semi-random offset to each respective
nominal commutation angle to produce a corresponding plurality
of adjusted commutation angles; and

switching phases of said electro-magnetic stator being
driven by electric current at said corresponding plurality of
adjusted commutation angles.

21. The program product of claim 20, wherein said step of
adding a respective semi-random offset to each respective
nominal commutation angle comprises the step of obtaining the
respective semi-random offset from a table containing a

plurality of semi-random offset values.

22. The program product of claim 21, wherein said step of
obtaining the respective semi-random offset from a table
comprises accessing the plurality of semi-random offset values
in the table in a round-robin pattern, the number of semi-
random offset entries N in said table exceeding a number of
commutation points P in said electro-magnetic stator.

23. The program product of claim 22, wherein the greatest

common factor of N and P is one.

24, The program product of claim 20, wherein said step of
adding a respective semi-random offset to each respective
nominal commutation angle to produce a corresponding plurality
of adjusted commutation angles is not performed until said
electric motor has achieved a predetermined rotational speed,

and is performed thereafter.



