cedef | XXY<[@[ \6] Tf]hr :r 2 7 NO V 2002 SYSTEM METHOD, AND PROGRAM
PRODUET FOR CONTROLLI NG COMMUTATI ON OF DI SK DRI VE MOTOR BA%E&%J{E

| NVENTI ON 1. Technical Field: The present invention relates

notors, and, in particular, to the control of notors for disk drives. Still
nore particularly, the present inventijon relates to a system nethod, and
program product for controlling the commutation timng of a notor, such as

a di sk drive notgysrhpatydia®pd ARFTBEIRN PROBUET era *IoRaROLLIRE by an
exponential |y decaying curve. ‘2. Description of the Related Art: Hard disk

drives for data processi nGHTREEON A PLisHeRRBYE AT, The operations of
hard di sk drives are controlled by a disk drive controller, and the disk
drive controller controls a notor driver. The notor driver either
externally controls the comMCEEROMRISIFhFHEN IEXERPIR commut ati on sequence
or internally controls the commutation using self-commutation, which
utilizes a back electronotive force detection circuit in the notor driver
that receivesl f eedegbkiftabnfidled not or wi ndi ngs. Wien the notor is first
starting-up, self-comutation is not available since the notor is not

novi ng fast enough. Therefore, the notor driver nust externally control
(i.e.. via open-1365 POREFBF)ITHRLHONoFCIRFTY & @SHﬁE?ét'f‘bﬁ“%ié’(ﬁence

provi ded by aand crioppacessoianf ddhehdi skntiréve captobokl 6xr disk' < < 2 7 N
OV 2002 2 During the_initial part of t-u e e

sel f - conmut atci!l O%/IS a\tféilﬁa'ﬁ?e? patrh %?i Hr%/e((a rée)?teélrgnéT Ei/n clc?ntrol s the
comut at i on arslateer éoresyheesparthadd aceebreratamoprofiucthetamt or. The

mot or driver clrcuit ;typigal J:afmﬁpdmrﬂo%e%lﬁmgfafel dnghbect sfdanai stors
(FETs), which are controlled by a "pre-dr " “Appli cation Specific

| nt egrated Ci ¢tk t4AS BPLOFhe Ii:)arte hd‘rsl 9e?°’§W*iactHé’§l PRPOUYR si x comutation
states by i ndiéivd thuaddry zeAaebgi Zm Nekpalensiof 1 ¢ hde iy ngEEarvA commut ati on
period is the duration of time that the commutation driver maintains a
particular commutation state before switching to another commutation state.
A notor that 2s stRasdnigtapni of i denRepaghdrdeteri zed by a velocity profile
that is generally linear. As operational time of the notor elapses, the
speed of the notor linearly increases. The speed of the notor in
relationship to el3fsbdisHeratYonalon CAE2i BT CharHcte S5 as %€ | i near

equat i on Thedfzommtkq,t R oper i Ditk i dravepsel yf riedmt eidslkOdth@e§pﬁezd of the
motor (i e L thefQr By =adlxaanl thetebore exponentially gegreases as
not or speed [ ncreases N é exp onen ial I on canno I Cl enﬁ y

i mpl ement ed byoﬁtmb]ceefss?@lntr%éha Tt pAGEESs orThan e rdiskver i ve -
controller oretfgeMd:erGANLEOLbLE:0IA mabyaem@atl&qu@tshag das therefore

been used by Qrgcessors to 2 oX] et e i deal altl an Qeriod val ues over
n se Uence OFL nal

r
the commutation curve T 9‘? Re ‘exponent ral Ily ecaying curve? or
exanple, a fogpmumtiecrn p@llyuqomahf dramuseshonsechicihaitiideaks conrriat i on

curve can be @@é&ﬁt&ﬁ‘&cﬁ}% ff%\fb@gdéﬂ&ﬂwnt 'cQE‘éultEhﬁlfﬂHeS‘inoEQEtJiPﬂfé?P”D” ses
t he begi nni ngFEortl on of the curve includin el bow' of the curve while

t he second po i"”t')nr‘?"selt‘FFeg F@ﬁﬁpﬁ‘a}érf{ﬂm {the %ﬂF?/’é "fld}q%SngWPﬁ’é 5R§ bow'. One

t i motor is first starting-up, self-commutation is not
available since the motor is not moving fast enough.
Therefore, the motor driver must externally control (i.e.,
via open-loop control) the motor using a commutation
sequence provided by a microprocessor of the disk drive

controller.
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27 NOV 2002 3 problemw th pol ynom al approximation is th [
loeffifcients are sel ect ed so that the second port| on of the fcﬂeeNOV 2002

comut ation curve (i.e., the portion after the "el bow' of the curve) is
approximated well, the first portion of the curve (i.e., the portion before
and including the "el bow' of the curve) is not approxinmated well. If the

pol ynom al coefficients are changed to better approxi mate the first portion
of the comutatiqn_curv t he, e _approxi nat.i.on t he portion of
the conmutati on %urve bgl’&%rr%emn“arl gagg‘hg%rge%asgotn haf.L 4 bst?yfr)léefne al is unable
t 0 accur at el seldppoowiutat eobot h aved st . afek S@é@ﬁddpwﬂons of the

comut ati on GUNe S vt Bah E s R eQHALLORS R B Ok ndLEEgEENtnd ypes. The
back- el ectronotive force i BEMF) detection circuit provides, feedback to

enabl e the ned @okt REFREEPri deodr R aben (R RBEBF ShOVFH be
conmut at ed (duecultdetye@t:mnpvwmlsefs BD% Of i 6 0f-QIf recRBghghs Cs it £S) . Sone

BEMF det ecti C|rcuts have hi enS|t|V|t|es t ha uire | ower
BEMF anpl i tu& S'n és%l»“déP ?Bef%?{gctrogﬁ Ya?)l \PEeSGERVEFT ¢ ??Jggcc%tnloennpl oy

sel f - commut aipeon fatc dntepoweed rmtrmuls;pee@lq . &he posedricvdn i cal SEMF

speed) . O heg, BEME - %@8& ans £ ré‘olx'rhriu%ah%z@ é@é"ée%EMfz seasiiaviiy, that
requi re | arger BEI\/F anplitudes to function reliably. In this case t he

motor nust bBESREAIDGRPEHTFoCh Mgl EPLed & iCWMUtRtGRBIPRFIRT i BEMF
speed) beforenseldraaammubat t ome _tiean the esphoyad.onl mr@wéermiaQﬁtaafhsten | oop
start sequence oft conr t%%h%ﬂ% ondrs't‘é%e a, pt or wgtc |abLg reatcrp t hese

hi gher speedas PR 84l CRBTRLR Bt "EUF VRS st Be OxI mated ve ry

cl osel y and acwwtatelopn saddeti onal ly, a notor may fall to start and reach
t-he critical BF, M- speed on a first start-up atterrpt Hi gher than nor nal
drag may exi st for the notor. For exanple ar 7 NOV 200 4 this higher
drag may exist at pcé‘}o&otreﬁBéFa%%rsetsa%tln\ﬂhPEhl?m‘td(’fraldryeégérﬁ‘é%e’él?ﬁ‘bher

vi scosity. Hbgfterved]rcagtlya)bralfsm happen swhene aa it drinkas .bren sitting idle
for | ong per . all r.eas C I e han
remaznl ng dlg Jt°“o?lrer3éﬁ yog\r,\%ﬂ(%d&ttﬁ)g rgr%)%g g%egérﬂlén% Bef dégt f‘rﬁ% t he

accel erat i onm‘m‘ﬂ@f i Handarlyhilgchpgbrs . diggseredatt dis SotRar &Pore needed in
order to stapéldheoddHiy tolTherpied epdrieiphesenind NerthheBcteeoghd zes the
need for consiste tley and re Ilabli/kfaccel era |n a nmotor. froma s opped

position to the® spesd at WRTER" sel 1S CORMIFatt 8h 55 &5t 6 B8 6% The
present invehtlatedlso thecogriedest tthee rm@eérf d); - .« ormmithat ﬁeﬁmperfod

determ nation/fhaind Sl otr@ aeaNAlElY 19PREOXLIRIL otcbhesfiLgt and
second portions of the ideal commutation Curve in order to control

comut ati on ORCEEHDEDT AnTI‘?é‘F’SEEHPa‘i‘Je WptoxPnat Pt & (i eoffhtati on curve
i s especial | ympeededtahery a BEMegetectsuoh ebkreuptodsorg ihowhBEM-

sensi tivity s used; when confinollino mtar comput atiqn.  The present

i nvention further recogni zes that the acceleration profile nust be adapted
for a notor having higher drag. c 27 NO YV 2002 5 SUWARY OF THE

| NVENTI ON A system pmmala@qu@t_@@rﬁ amsplt@@uetof@rbég}en@reldngya disk_ drive

not or accor di ng to_an CE)Ol'lel’l'[l al | % Eom’rut atian CUI’XG are
di sel osed. APAPSRSSHFT Ve ﬁﬂﬂr&éémaée FEERT BonnutETon Period” va
over the commutation curve (i.e., the exponentially
decaying curve). For example, a fourth order polynomial

has been used. The ideal commutation curve can be
described as having two portions: the first portion
comprises the beginning portion of the curve including the
“elbow” of the curve while the second portion is the

remainder of the curve following the “elbow”. One



Ir:mtor a spindle driven by the notor, one or nore rotatable storage nedia
oupl.éd to the spindle, a notor drlver circuit coupledt and a
di sk drive controller coupled to the notor driver and ot ?&Lf}&@vabﬂz
conponents. The various conponents of the disk_ drive are controlled during
operation by signals generated by the3zdi sk drive systemcontroller. In
particular, the disk_drive controller can provide comrutation tim ng
signals to the notor driver that, in turn, drives %Fe m)é During the
first part GFFY0Esr WifArPobFoPRe APRKC I Lortr PP eriSel ects exter nal
commut at i on @fefifieienter ar&ovaietcaieidonovahare shapprogndapongidrhe ff i r st
portion of e Lidgah commutalid LB e ore. prt%edgakefgnamal Qied as a

| ook-up table into a nmenory ues aglroxwratlngthe
second porti tﬁikaw«é dér ibedctﬁr‘(ﬁﬁ asl laﬁéé@xemfétci o lhavihng Blgitope based on

an accel er at;s&rtl%%%%ﬁélé&f&eol Jehe BBt Ofordifont BerpBLOsnd ails to reach
the critical, BEMF speed, the slope is repeatedly decreased, as necessary,

and comut ati B ufdNdesPar ee +oa é’lfl éiPEdC‘F’bYe t HIS ngkc BRRE PHTASH of t he
comut at i on wanrv.e nintthke pbeyn@iion icoestacteaks Gmmmhahgecm walhegs egener at ed

during both portians of the.initial r{f.s externally
control comf{)Rplrt?X()lrIflag th frbt oF p%ﬁft?és {) eﬁ{r:rkubt%%(rﬁﬁﬁgég hes %ﬁe‘%drl ti cal BEMF
speed at whiten HdhebapkrekénsvonptafyEheoseeond Deirghoendlighhd or

sel f - commut at &R, d2 W KuPLEPSEd e o %%@almcé)m@atsaw @Ra@ra sel f-commutation
of the notor is used to commutate the notor. N OV 2002 6 The above

as wel | as AAHITBHAL 5] HpeRle fiy@nrdsatahy %ﬁﬁﬁﬁ‘@é% B R Hd*%r esent
i nvention w firélecmaie sappatiepdr tivrishe ff ohé owwrng teheetianl edrwe i id ehat

description. , 1. 2 Jr}lla(% O%QO% g@flﬁg@gg&g’qﬁg LOF THE DRAW NGS The novel
IC

features belleve Characteris the 1nvention ‘are set forth in the
appended clains. The invention itself however, as well as a preferred node

of use, further objedsrardeadyamiges f'bb@éeOEfEMFWi bttbesiobe iwrderst ood by
reference to_the. fol Iﬁo d%g ?e%al I e dest%rl jon %fntanlhl lu trat| ve
embodi ment WRERVTEEY 5T C6M untt Tt @-Accotpanying df aw ngs,
wher ei n: Fi gdeeedmise ashsnockedhagramiofuld harcordivglatgdi ve-eri ven by a notor

that is cont agk.le@@su{b@e%%da@q@o&g h:ottlae ' Br @SS INSALEDN; sdfPgure 2 is a
graph of the acceleration profile for the nmotor In Figure 1; Figure 3 is a

graph of theBBFMARTECESATFHF P OR VENR AOtRSHE| ﬁe‘F?JgtiﬂrVeltﬂ}esFltaﬁFe 4 is an
exenpl ary bl @é&gucragxcmmofwﬁheambls}tudesvm cartaroltbefuantdi emt or control | er

for controlliog; Lhe, Mol of rkgetpaéa% UK oy AL VE ke @Y 6n 1o y accor dance
with the presen ent1on;
lower motor speed (i.e., lower critical BEMF speed). Other

BEMF detection circuits have low BEMF sensitivity that
require larger BEMF amplitudes to function reliably. In
this case, the motor must be accelerated to a higher speed
{i.e., higher critical BEMF speed) before self-commutation
can be employed. In order for an open-loop start sequence
of commutations to drive a motor to reliably reach these
higher speeds, the ideal commutation curve must be

approximated very closely and accurately.

Additionally, a motor may fail to start and reach the
critical BEMF speed on a first start-up attempt. Higher

than normal drag may exist for the motor. For example,



r Figure 5 is a flow chart of a nethod for operating a disk drive notor in
'accor'dance with the present invention. 2 7 NO V 2002 s DETAI LED

DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENT W th reference now t o?F] NOY 2008 sk
drive or data storage system 100 includes a housing (not illustrated)

contai ning at |east one rotatable maghetic disk_ 106 supported on a spindle
104 and rotated by a drive notor 102. Each magnetic disk_ 106 has a
magnetic recordi ng medium formed on at |east one disk surface 118, where
the magnet i cLPEEOFEANGF REAEURRY o 5HT arfdeG T AHPREHRAE Spatt BrHelof
concentric dadbaot reackssd mats shbwier Atidoeastyonei ghd derrafOBaiynel sidi ng one
or nore magnetic read/wite, hea 0.18S.. i.tiopned over magnetic.di sk 106.
Slider 108 i §5§%%rbe“%lc?end % Engrtﬁoéng%ét]&ueaetnorslg(r%fshn&lﬁ@%/ %rs&gﬁlgngfﬁﬁoiiQ (al so
referred to a8 tlmreadgioviak aseasd|to (deunplaTheratddiralthpositi on of slider

108 wi th respegl;fod he 40 aekseaf « PRONLLIGLHESKnd O d st geatiplled by voice
coil nmotor (vcM 116. During operation of disk drive 100, the rotation of

magneti ¢ di skRAaPBR@EnEtatEseafrartonaendiidenetweets dtigdher 4rags and di sk
surface 118. sThea®idsn beardnegetrbus seadderimabaneestd heraglt @Rk motor.
downwar d- bi ased spring force o~ suspension 114 and supports slider 108
above disk surface 118 by a small, substantially constant spacing. As
magneti ¢ di sk 106Therebirst edhbypde$ert nigtvention, re¢égieizes08hesnaeved

radially in apd outs{ifcd8SROASE tO1108 yoverent,ofnacd waker argyld2 by vCM
116, thus permtting magnetic read/wite head 110 to read or wite data of

interest in GFPPRERNROTTHANs torERE RRPAMAT WheFnse L HoamesAftAR chted to
and fromreadbuei te heagkdkl0 vieap dasentc haveel i dR4a 1 yhikdkdgngegdesheonduct or
lines running_alo suspensi.on.119 and actuyator arm 112. Data_read from or
tor o1 3% 7oRE P nob s v b e P e T e el T P vy P B e channel
124 i s buff etedabyura hehbrappypsipated hdim thgplficati o $peoinfli c | ntegrated
Circuit (ASIghrilondhes Viald QUL at0RDRRSIES Bf cdi-sk dfiy&l0@.are controlled
during operation b%/) s(lérgnrllal S . ene&at ed bc}/ AS\H}C 11, which contains a disk
drive system‘CBAtPOIF ,u%alfé‘%’nag a2 dfS¥Cir i€ BENET DTS SPPACE BALIAT I n
Figure 4. Anotthehe AShGuitatii®rncouplredi¢ oo gred iinf 1 gonees € atieon anside ASI C 11.
ASIC 12 COW'&'e%@w%tﬁoggéPfcﬁ%thﬁgd&hgr1&5 HRFOLe (4 48)1 Nk GO rgls, overal |

operation of notor_ 102 for disk drive ,
controlling motor commutation. The present invention

further recognizes that the acceleration profile must be

adapted for a motor having higher drag.



-, - 100. The notor controller or notor driver conprises a pre-driver system
408 and a driver circuit 420 as shown In Figure 4. The contr i

generated by Aslc 12 include notor control signals 120, mhicﬁzégmgog:?png
rotation of spindle 104 by drive notor 102, and head position control
signals 122, which provide the desired current profiles to optimally nove

and position a selected slider 108 to a desired data track on the

associ ated magnetic di sk 106gufitlsy oF GingK inGEk¥Eo¢ontroller is made part
of ASIC 11 while a notor controller having a pre- driver systemand driver

circuit are nmade part of Aslc 12 to drive and operate notor 102 in
accordance with tmespgt&sranhethohnvam i g rifiep dbske riose opentt Dhy ex  and

not or controlle th pre-driver m and drlver cisyfcuit will be
di scussed Ia?é? %‘H%?éngﬁfa FC&f@% q%b?@n PO G B8t ¥ ring to
Figure 2, a gpamhtéMEbmﬁcuwiehoel@5sqﬁ0§hdleAfOISkmﬂnwve1@ZCdudﬁﬂgaa start-up

peri 0d i 5 Shawo,.: O 2011, 200 S hooeSASEdiR0goph, MLAL J0Z0: Tevol uti ons per

m nute (RPMs ot ted ‘agai nst el apsed t i n seconds, X z ~ Nov zooz
whi ch yi el dsratptalelbs stelrgdiet V‘eﬁil@)f(iqlé’lE@ZtﬁaW%gs%leq t PvBOEPBpe. The

accel erati ongef vapt o1 r A& |c%u9&\é§ntcb)&:lieh(ﬁlo$_bepea@<i availczﬁd y.peofile 202.
Thus, for notor

of F , has .a.vel oci roflle slope 2200
RPNL per secSﬁBtr?ﬁ% %ﬁ%’ %ﬁtgg iﬁﬁxﬁaﬁszeﬁai% Qﬁ By=¥*speed = (2200
RPM Sec) * tldmevérheommmnta:tl Ghepear odis §omnvee59$y0ﬁ' ditet @dskodnbver speed.
Wth referengg.ct eoﬁtgyifeé,duql%aeae%o@af bghglgﬁmtﬁéﬁ&atgaoﬂyl e for

not or 102 during the start-up period is s shows
comut ati on P& 84s8 OQI%Y?sﬁﬁﬁBﬁﬂsC%?Eﬁ%%%fragépngﬁr%&%ﬂﬁﬁ%d thAed886 fromthe
time notor 1l@RZistaebstfdlier cahnpréyids cweeandsiodheiwiomutighbds psofil e of

notor 102 is _shown to ponent | ying, gurve 302. Curve 302 has
an "el bow' pé%ﬁlont§58grlv 5 &ét%por%lgnrgogﬁﬁ og% e Eﬁﬁ portion 308, and

a second portion 302B after el bow portion 308. The present invention

external |y controhg, the &QﬁWH&%E'BQer MR 192, durihg de ggkart - up peri od
to accurately or _. closely nodel onentlall§wdecq¥|ng curve 302. After

notor 102 re&CHEE SOEFF?}¥ﬁﬂ %ﬁ%@&&s XY GRERVEF BEYR SHoti™Fe force
("BEr~t F") i sndtatrgecemnougdt for vaehts camputaimaonng comrutatstopoirsibnt ernal |y

controlled by, 4 fa%eS%La}gOtha't%noéuM@ G eLQL s &y qu,ﬁs@gggdof the

not or accel eration to target operational velocity ereafter.
Referring to 3 guheok; u&nt%B&ﬂn&néPyabW?Rﬂ?%ﬁsééFﬁﬁrO@OTW%ﬂ@§$qnve control |l er
402 and not orvaaeRkr abbebx Dfia tdidgv@he second portion are derived from a

linear equation having a slope based on an acceleration
characteristic of the motor. If the motor fails to reach
the critical BEMF speed, the slope is repeatedly
decreased, as necessary, and commutation values are re-
calculated for this second portion of the commutation
curve until the motor is started. Commutation values
generated during both portions of the initial start
sequence are used to externally control commutation of the
motor. After the motor reaches the critical BEMF speed at
which the back-electromotive force 1s high enough for
self-commutation to work properly, internal commutation or
self-commutation of the motor is used to commutate the

motor.



haV|ng pre-driver system 408 and driver circuit 420 for cont INQP%nZ$Q2
102 ih accordance with the present , a2 7 ~NO0OYV2002ni
shown. Disk drive controller 402 drives predriver system 408 of the notor
controller. Pre-driver system408, in turn, drives driver circuit 420.
Driver circuit 420 is coupled to nDtoﬁ 102, which has three phase w ndi ngs
A, B, and C. Driver circuit 420 delivers current to nDtor 102 during all
conmut ati on state Dr.iver circuit_ 420 es SI d.effect
transistors (FETs?hiZﬁ““Tﬁﬁs fﬁ%h Tﬁgmkﬁgn%nﬁndoqb ffﬂeahd 19A are
coupl ed to wendi agvdntaged e fFERs Qﬁfﬁqnﬁjlrﬁenamendouvlé@CPUemnndlng B and
FETs 12C and gaégreﬁ %eeqothow@ﬂgl&&agleaoarpf@&erde%ree:rl%ttllen driver
circuit 420 i coup to power supply voltage vs"~"1,, and to ground.
During any commutation state, driver circuit 420 supplies current to notor
102 as follows: Current flows fromthe power supply VS'P,,1Y, through an
upper FET (i . a . , either upper FET 12A, 12B, or 12C), and into the
notor termnal attached to this upper FET. The current flows through two of
the three notor w ndings (dependi ng upon which upper/lower conbination is
utilized) and out the notor termnal attached to the single | ower FET which
is turned-on. Finally, the current flows through the |lower FET to ground.
Signals fromw ndings A, B, and C of notor 102 are fed back to a back_
el ectronotive force (BEMF) detection circuit 418 in pre-driver system 408.
Di sk drive controller 402 conprises processor 404 and nenory system 406
coupled to and in comunication with ' each other. Pre-driver system 408,
in addition to having BEMF detection circuit 418, also conprises a series
of -logic circuits that include an internal/external comutation sel ect
circuit 410, an external conmutation circuit 412, an internal conmutation
circuit 414, and a 1127 NOYV 2002 12 commutation contro7_ logic
circuit 416 for controlling comrutati on of notor 102 in accordance with the
present invention. Comrutation control logic circuit 416 determ nes the
comut ation state of nmotor 102. Processor 404 of disk drive controller 402
sel ects between an internal and external commutation node by issuing a
comut ati on node sel ect signal 405 to internal/external conmutation sel ect
circuit 410. If the external commutation node is selected by signal 405,
processor 404 nust issue a pulse via commutate signal 407 to external
commutation circuit 412 of pre-driver system408 in order to commutate
notor 102. If internal commutation node, on the other hand, is selected by
a signal 405 from processor 404, then notor comrutation is handl ed by i
internal commutation block 414 independent of processor 404. Comrutation
control logic circuit 416 receives the processed data fromlogical circuits
410, 412, and 414 and controls driver circuit 920 to drive the commutation
of notor 102 based on signals, such as signals 405 and 407, received by
Ere-driver system 408 fromdisk_ drive controller 402. BEMF detection
ircuit 418 provides feedback in the conventional way to enable pre-driver
system 408 to determ ne when notor 102 should be | ' comutated (i.e
detects novenent of rotor's magnetic poles relative to phase wi ndings A B,
and C which affects how commutation timng is to be controlled). During the
"external commutation node", commutate signal 407 determ nes when notor 102
shoul d be conmutated by pre-driver system 408, which, in turn, drives
driver circuit 420. Commutation values for first portion 302A of



commut ation curve 302 are pre-defined and stored as a 2 7 NO V 2002 13

| ook-up table into nmenory system 406. Processor 404 retrieves the
comut ati on values fromthe | ook-up table in nenory systen14b§.hﬂﬁv 2002ar
equation for calculating conmutation values for second portion 302B of
comut ati on curve 302 and the el apsed7tines for the |linear equation are

al so stored into nenory system 406. Processor 404 executes the cal cul ations
for determ ning the comutatd oiks\ahyesod Ur SAEOBHARSNEE ON 302B as well. To
i npl enent the conmutation val ues, processor 404 pul ses commut ate signal 407
each time a new commutation is to occur. Commutate signal 407 is received

by external commufid iQR10gikgahr&d nfdlivtvdd2-a0: S 1ised cOWE bYe COMuUt ati on
control logic block 416. Gr/ith reference nowto Figure 5 a flow chart of a
met hod 500 f &ORVePErdt gt 48 EORH ofN ithg BBRADTHE i dF-aThbtor 102 for ,
driving a di skveélitiaen 1QB el aceevelgnee welh thea prestentrebnmeati @0 i s shown.
Met hod 500 starts_at, .block 502 and, moyves.to deci sion bl o 04, which
depicts proc%%%brﬁﬂaﬂmgéfgéffﬁa %%%ﬁ%%ﬁ“5698§te?%%Tﬂ%oﬁ%ﬁﬁa?Fa% %%de or an

i nternal conmmodetstrdrige reffErentortadRehdslabveadyddtiednedt art ed- up and has

reached the geitigali BEM: speediulheniRoessselnddd drlectaqan,i nternal
comrut ati on node or self-commutation node to drive notor 102 via BEMF

det ection ci FERP NN Yiitdr HRP ROPRRAYISA BF 08K %14 WhERG 1 Bomut at i on
control logic block 416. Following an internal commutation node sel ection
at deci sion bl ock_504 t.hod 0 proceeds directly,t | ack. 514, which
shows t hat pre-dr?b%ﬁf%§§55n94 goﬁgréﬁﬁgaphgfsgl?%%%ﬁ%ﬁgagféﬁennde for
comut ati ng thévenmtloy & hwoouwghabbtt he cqermionded of ddmo=Staaucke- wptbf notor 102
until notor L. 0J , 7 2.7 NOV 2002 14 accelerating to a target
oper at i onal igéeg%ggﬁggﬁg?ﬁbézgéb then ends at bl ock. 516. On the other
hand, if notor 102 has not yet been started-up or has not yet reached the
critical BEMF spegfguiden jpf ecgssph dP4mselectseext eshalraameutati on node
to drive notor 102, External node control select signal 405 is sent to
i nt er nal / ext éPRalCEOFMR fiBeséfect circuit 410 of pre-driver system 408.
Fol | ow ng an external conmutation node sel ection at decision bl ock 504,
bl ock_ 506 shows %hat nngor 102 is cognq;ated b¥ gtilizin t he

lgure 1s t a

a graph o e commu lon profile for

the motor in Figure 1;

Figure 4 1s an exemplary block Giragram of the disk
drive controller and motor controller for controlling the
motor of the hard disk drive of Figure 1 in accordance
with the present invention; and

[ -

Figure 5 is a flow chart of a method for operating a

disk drive motor in accordance with the present invention.



o _ fiyst comutation val ues pre-defined for first portion 302A of

commut ation curve 302 and stored in nenory system 406 (i.e., stored In the
| ook-up table). Commutation values for first portion 302A OQ ?dﬂ@pyggyyg
profile 302 are derived from an equation based on velocity profile f
nmotor |102. The general equation for c@nputing first conmutation control
values for first portion 302A is as follows: Comm Period for FP = 1/V(t) -
1/ (slope * t) in iGhrCORRLERIPON @F FPLUSTRAE WAlEMBoBIMENRE COMMUt ati on
period for the notor during first portion 302A of curve 302 at a particular
el apsed tine t fromwhen notor 102 started, V(t) is the velocity at tine t,

and slope is an agGe] ekati-efc-basad ) ribarkdeal ashiard-ive vel @gidy profile
of the notor. For exenplary notor 102, the specific equation is Comm Peri od

for FP = 1/ (#{2000 RPAMtsac)0® ipgg)des @28PBBYIYY siffte 12200t RPNEFsec is the

start-up accelgration Lor 109Ler o102 ANd 1B9L6Qa k% @& LCRNLGr $ben factor from
units of 2 ~No v 2002 revolutions/mnute to conmut ati on

i nterval s/ segopelr @ yra aceptaithe mftbemndof ot dhedithat irowreakuestosuch as five
or six val ueioz”ierfgcﬁ Gha gegggg ik ek ks g‘)ﬁiﬁ%ﬂléc‘@dlé 'He%%rﬁ%g' on 302A of

comut ation profiTe cur ach of the particular comutation values is
sequenti al | ymdériwetbiored e baslisaof auvedigkt otafawt UlUBe pherdefliemed

conmmut at i on inc I : : [ term ned,
equal s the e%gé}s{%%icf i%éol{ 858&%%%@}&%9?%&%%@%% (r%lsntt?l%ég%rut ation period
and tl is a PREserm qtblconpsaitiefdatapdedkei neot rdmWinen Aol 6102 has

started, thegndlsisadeteygniineduhed de @qUabset hagRefier niela /hacket o Figure
3, T1 equals tl at about 0.035 seconds. Furthernore, if T2 is the second

cormut ati on Pepfadlbhdi ¥ PAsdtacBed 0Pt FrANCaABUMt SO0 -apdédeti He8 fr om
when notor 102 stapigsha them 12 hstdetsr nidhedivhep 4 hag emsebnTi1gand T2

equal s t2. Subsequent pre-defined comrutati on values aré derived for

fol | owi ng el dpséd *{?ﬁ%lgrqqﬁ toha@ssanBearfidralrafesii hy B%ek)t o™k gure 5,

met hod 500 mpy@safr e Pl 0ok 0506168 bl Dok «HA8, rubpebt depitgles tirhaks mot or 102
is comutated by utilizing comutation values derived for second portion

302B of conmittaPrenctis vEE0306ThE GeMETEI Y REayCeRidt3iIn™PGPEconput i ng
commut ati on qedkyolival ues for second portion 302B is as follows: y Comm
Period for sP = (slope * SPtinme) + (last Conm Period for FP) in which Comm
Period for SP is the value of a commutation period for the nmotor during
second portion 302Brohgcosarnti®2 af aiparddicwl apoel apsecbddtmensbarti ng from

the | ast comutation perjod for first portion 302A, slope is the linear
ate of decr dHSBo5CcBHE A SImBEPEGASTL 4 HobReT §h A I e TeRGAN | 1
second porti ans3@2B afskosiiaiel an8. Theé &ir7 UNa@ilNg2€02s 16

revol utions/ mnute to.comutation.interval s/second. Only. a certain_nunber
of conmut at i ocr?u\rllalelﬁgég,lagﬁ%% t}se fsiq\} H%rd%‘?]&wavradle%ég,se%esé%%tnog bfg)rﬁreef’defi ned

for nodel i ng fuspsnspont Lbh BORAwwbocbAMst Etd0i 08r ebbPVe durlvewBF2ceEach of

Fhe 118 by a small, substantially constant spacing. As -

magnetic disk 106 is rotated by drive motor 102, slider
108 is moved radially in and out in response to the
movement of actuator arm 112 by vcM 116, thus permitting
magnetic read/write head 110 to read or write data of
interest in different tracks. Read and write signals are
communicated to and from read/write head 110 via data
channel 124, which includes conductor lines running along

suspension 114 and actuator arm 112. Data read from or to



articular conmutation values is sequentially derived on the basis of when
a totdl of the pre-defined conmutation val ues, including th W

value to be determ ned, equals the el apsed tine. For exanplé€, i 11s the
first commutation period and tl is a first total anount of elapsed tine
from when notor 102 has started, then9Tl is determ ned when Tl equals tl.
Referring back to Figure 3, Tl equals tl at about 0.035 seconds.
rurther mor e, pl f, ee% e nAGRRRT. O LRl 00 PELLO %Rt Zabe Ay Second
total anmount of vihen 1ot oF started 21is

det er m ned V\h’@f\fQH’ﬁ’,d Mnaofnefﬁ@ran@lysl'@new&mnt Bpp&ﬁb%@qlleﬁpepnél@efl ned
commut ati on r d cyfQhl owing el apsed tinmes in the sane
manner. Ref eﬁll&%gls% fﬂ%c‘uﬁ‘% ure QL%ét hod 500 noves from bl ock 506 to

bl ock 508, which depicts that not or 102 is commutated by utilrzing

comut at i on val ues, defd Med sf QbnpSREONT J104h s@Ny 3028 0fo GeRMutation curve
302. The general l|inear equation for conputing commutation control val ues

for second p6PRFBN-BODEUrENgs oPBIP IR RBofHIPerF odeidratsd BY(3$1pe * sP

time) + (lastiCommdierddafiok Epdién ahiveh sGarenPeshadfier sBuks dde val ue
of a commutation period for the notor during second portion 302B of curve

302 at a parBi @fardehepsonterheest 42 Mg o FHETast- éomiiest i on period

for first poption 802751008 £ die ihi BeRKuR AL £ 1Qfn de¢heas e ofy comutation
periods (a negative value) as shown in second portion 302B of commutati on

2 7 N O V 20621 tarenB0zesandmgbor | santirelike apowntonfiniivee that has
el apsed for %%999919%&41%!113%@&%%&'6@nfort%fp ES k%tdmg%' on per|od

of first portion 302A. Various comutation periods for second portion 302B
are conput ed1P8r Fespretdn eogitapdedr t e tOr, drivepP ¢ommps)seand stored in

menmory syste ééoéméueg émv%xs ax@'yeosmr@f lagrgéli@ z”d%@, Qng.At, 4 tine,

as needed, t hen ately used and applied as the val ues are
conput ed. Th@lemlf-‘(%u{?lat“éf(clE mﬂﬁwétﬁ@ﬂn@efr|9(§?d1§rattédt1hxenA&I§eéi2bympk\atﬁessor 404

and pre-drivef t%¥SE8H?; % 454 él Ve gl 'rchCicrogllﬂEBéogrg %‘b 2GQRLr gk

comutation of motor 102 to second portion commut at'i on
profile 302 fS@llndf@)t%oloiozy dVEMeoc 500 HEXt amsl dsad opdettisirorobtoek 510,

whi ch shows pr g%9§§0£2é0§4ﬂeéhek%omg metd%%rlr@et oL 102 has #i8aghed a

critical BEMF sSpeed ngs A, B, and C are located in"a stator of notor
102. A rotor opgvopveéey meveirhd position a selected slider 108 to a

desired data track on the associated magnetic disk 106.
Thus, a disk drive controller is made part of AsSIC 11
while a motor controller having a pre- driver system and
driver circuit are made part of ASIC 12 to drive and
operate motor 102 in accordance with the present

[ invention. The disk drive controller and motor controller
with pre-driver system and driver circuit will be

discussed later in more detail with reference to Figure 4.

Referring to Figure 2, a graph 200 of a velocity
profile for motor 102 during a start-up period is shown.
Graph 200 shows speed 204 of motor 102 in revolutions per

minute (RPMs) plotted against elapsed time 206 in seconds,



an outside portion of the stator. The rotor houses _ magnetic poles, and,
as theése pol es nove around wi ndings A, B, and C, the pole e t

novi ng el ectromagnetic field. The resulting effect on w nzz @ﬂﬁ @ﬁ%nd C
is aj noving (sinusoidal) voltage waveform (i.e., BEMF voltage). The
magni t ude of this voltage is directlyOproportional to notor speed. BEMF
detection circuit 418 only operates properly when this BEMF voltage is
above a cri tijzah PQ@@&BOA o1 el Vel o€ity P 140203 shd Wit lang above a
corresponding crifical BEMF speed). As stated earlier, notor 102 may not
have st art edPosrid iveashere t HhcRcEREar 2 BENF Osf-peeﬁoﬁuleo% o drgdyeBohdi ti ons
(e due ta.Lohdobegperatan e, condilionsLr [AECUMH ALgdar gagedthat have
27 NOV 2002 ~S een factored to the equation for the comutation
val ues for fﬁmep@rtwbmfsom al veot bty mfhée abere eadiedPrheexcriti cal
BEMF speed, ad cee I 1 t.hat processor
404 decreaségetﬁb ?g%epégaffg§5%§8 e?%%f@ %gf@%%g%#§§%%ﬁin the equation
used to derive comutation values for second portion 302B. The slope is
decreased by a pre.dgter msed @sagptability,dactor. This adaptability factor
is the amount by which the desired acceleration is to be reduced in an
attenpt to retry starting notor 102 following a failure of notor 102

reachi ng the cri tiheakoREMra SPRLGedubENgs s:traJetrsemyOfsenméu th02otber exanpl e,
the factor may be defined as ten percent (100) of the slope every tine
motor 102 f affee%-0 WEBch® t HePRGS (PCEFIUEMP s feddBlr 14y Qgtt@re start-up, and
therefore, t&Qusltepechepm pf1d R requabl oivd siuredycere bycd.an percent each
time nmotor 102 fails to reach the critical sEM- speed. Method 500 | oops
from bl ock SAIPELKS EHOBR ockEaRT6 30/ P RIS HAREWERSE O e prast 38 mBd

comut ation yaddiess fp%theassgaomsttl e@a 0&h £ iamsblge sk oekenip digll e are used
again to commutate notor 102, Block 508 shows that notor 102 is commutated
usi ng val ueseHat W2y EThERR fedea|éamat%6 ¥t GRCORESH Redr © equation in
which the slopgnhas.Reeprdecieasedoker second pothi ep 8028, Method 500
repeats the process at blocks 506, 508, 510, and 512, as necessary, until
mot or 102 re%ﬁﬁeEﬂﬁﬁéléVlﬂ?%%NM§ENPr§Se@ﬁ3 T Ve AP BoPmin atslérvperi ods
that are usegofofcmao@r aozlf@@%ﬁgohh@o@ilﬁéfeele BEMFw A e calculated
and used by processor 404 and pre-driver system 408 to drive comutation
driver 420 a ﬂscdﬁF?@iSééﬁﬂﬂt@ﬂﬁﬁﬁ?noﬁoﬁﬁt teppzlbgvnpeet 1 eedc®®d portion

302B of comuiatp @k dtofihl,eneidy & x3@2nbh oty Nrol@2the domnukNiGnV 2002 19
After notor 102 reaches the critical BEMF speed, nethod 500 noves from

deci si on bl ok MBI di%PelEFIPY o1 GERTETHP DA TB1ACSHBE thaT :
commut ati on tSosail¢ Gl 1t expbrentif=ANRabe cQPIAY alired Boge Afrarder to finish
accelerating nptor_ 102 to the target operational speed. Method 500 then
finally ends™at°bl Ttk 26 Hn? | FtHE NIRRT GiT %< Been particularly shown
and deSCFIbedaM&{éEédﬁﬂﬂmGMQeetfbﬁtQOHehemrfxiﬂ%ﬁmadgéﬁﬁﬁqugﬂ faicl | be
,under st ood by _{ hos of hat, varioys changes, jn, formand
detail nmay be made artln nytﬁe Spri J scope of
t he |nvent|oﬁheFeﬁl%xewwWéataP@h@thEaepeerszﬁ‘Wﬁmrsmeseﬁ@run&éﬁ@|on have
been descri bedt¥i tficdQsRQGH ohOrd RARUEGE SYSE.LM:iNREULEDY: SOf tapy e t hat
directs the Fnctlfns of the present invention, it should be understood
that present "PHVEAtTON may alternatively be i npl emented as a program
product for use with a data processing system Prograns defining the
functions of the can .he r eSS|ng
systemvia a varlgéﬂ's rPlthgl s Fgglgaer @ apl le![‘I!)lvﬁ?rf(ijjlogcI ug%_@arﬁ’ Ofc
limtation, nlonkr émve a:tdrﬁrsﬂdaeagdeam@eOr gcqnﬁDlR@w prremwehabl e

st or age medi redy é ske te or g di sk drlxg% and
conmuni cat i on neB? p %uc YTl FOg et eHRS Etoul d be
under st ood, thetebmleng mdn@& suzhlﬁ|4ﬂuﬂrdbeaé|mmxnnaﬁeaprw@eﬁtcarry|ng or
encodi ng conputer readable instructions that direct the functions of the
present invention, represent alternative ' enbodi nents of the present

i nvention.

ul%a 91, : Qoxﬁxﬂﬁ q':l&e



27 #WS V 2002 -20 CLAIMS: What is clained is: 1. A nmethod for controlling
a co tation timng of a notor that has a commutati on preti

characteri zed by an exponentially decaying curve, said nrz)lf]obm\fr’r%ﬂ& ng:
pre-defining a first set of commutation values for a first portion of an

exponential |y decaying comrutation prldfile of the notor; deriving a second
set of commutation val ues approxi mati ng a second portion of the comrutation

profil e base . vel.qci rofi £fLh it Ope €458 Bl Y. gﬂ_rg_rol l'ing
comut ati on g?gﬁtglorﬁ)tlgr S éwﬁhgﬁs‘i‘t]ﬁrtﬁﬁéug?ﬁg the first and second sets of
commut ati on @alwes;sartdnt HeBeaf tigrg motber nahtyoldent.r Bkrdygicommut ati on of

the notor utilizing back-el ectromotive.force (BEM) detection circuit. 2.

The met hod aﬁﬁ)\%ecﬁl n4goaat’o Y 5?%1,‘5%Veersefiﬁl\6?re-cdle Cluﬁggrfézg'f]?rrls\ferset of

comut ati on valaest f4apo asf cbapl pordd aptbur LO2r warpr haesthokes ipHaxg sai d

first set of conmutatjon val eE sed on.the.ver%cidteyL.g(reofi | e of .the notor.
m

3. The met hod*3&td¥dittg *r 0 %8Fa e r & R He

erein deriving tHETFi PSSt of
commut ati on val Wesof urdehefiréagpsisidugmudet i onh ng- e si.nDr il abr vad sreniaf t he

first set of commutation val ues a(i i nverse of a motor speed at an
el apsed ti medfP ofPHies ashé Lot oF L hash Car CEARS Wi *Fef TRTAY ®ovext val ue of

the first setanf cosmMutadi aacyvabsesiad. arrel apsethd B whenceugdal of the
previ ous comutation values equals the el apsed tine. 2 7 NO V 2D02 -21
4. The net hodcavtetdihd t dPélsi FFES Jafer8PnltRed eGP pEdfil e of the

motor is lingahaiRy FNGAEERQD1ECHIAING hoeCtaipnd thuttheinganpri sing:
For proper operation, driver circuit 420 is coupled to
power supply voltage Vg,,y and to ground. During any
commutation state, driver circuit 420 supplies current to
motor 102 as follows: Current flows from the power supply
Vsuwply, through an upper FET (i.e., either upper FET 123,
12B, or 12C), and into the motor terminal attached to this
upper FET. The current flows through two of the three
motor windings (depending upon which upper/lower
combination is utilized) and out the motor terminal
attached to the single lower FET which is turned-on.
Finally, the current flows through the lower FET to
ground. Signals from windings A, B, and C of motor 102 are
fed back to a back electromotive force (BEMF) detection

circuit 418 in pre-driver system 408. -

Disk drive controller 402 comprises processor 404 and
memory system 406 coupled to and in communication with
each other. Pre-driver system 408, in addition to having
BEMF detection circuit 418, also comprises a series of
logic circuits that include an internal/external
commutation select circuit 410, an external commutation

circuit 412, an internal commutation circuit 414, and a



defining each value of the second set of commutation values as a product of

a negative sl ope based on accel eration characteristics of qhﬁuzvtggg nd an
el apsed tine froma |ast conmutation value of the first rt a to

the | ast commutation value of the first portion of the conmutation profile.
6. The nethod according to claiml|, f#&rther conprising: if the notor does
not reach a critical speed by commutating the notor utilizing the second

set of conMicahi@RtY8h Uesht dA:- aBbey! &l i tt e 6Seeongoseto Ofirgomut at i on
val ues by decreasing a desired velocity at each commutation period; and

control | i ng ceo¥mieaEPBne bfmatied ABL ot usFIRyF e er Bith| Big &FeSécond set of

comut at i on YalUeson7- céulBtNAd N 6nePST atdIG 21FRLOE 4f@t has an
exponential ly gecaylng comut ation profile,” said nmethod conpri sing:

coupling a msttermihas Has enmexporent Fedty dedeyngledmineadsesprofile to
a fotor contypl o%yaﬁgm aPISs defnbigef qu{e_s;ed%%&s%eemwtﬂ' on val ues for

a first portion of the commutation profi] riving a second set of
commut at i on dleyes Llappd oxt ratriadg cansetohPpdradeohyotl s shEng¢ cmut at i on

profile based,on:a+Y8hogbdy Qi 810hat NP IUL.neEERLLL 7400 Lhe control
system selecting between externally commutating and internally comutating

the notor; armmut2tIoNCeOUR cizZuif AE@pohisdheo egékbral ng ext er nal
comrut ati on, r.all.in rt- td. f e i l4nzii Ng t he
c&a@%a%lhh o34 B d 4R CORPULR 40l %Eg, nggﬁg%swf 407 N9

first and second sets of commutation val ues. according to
claim7, whernstm ipseedef pulsg wof icogmusate of igyedny0at tonextdwes for a first

portion furtégﬂﬁd%%qggksg§ﬁcuit 412 of pre-driver system 408 in order

to commutate motor 102. If internal commutation mcde, on
the other hand, 1s selected by a signal 405 from processor
404, then motor commutation i1s handled by internal
commutation block 414 independent of processor 404.
Commutation control logic circuit 416 receives the
processed data from logical circuits 410, 412, and 414 and
controls driver circuit 420 to drive the commutation of
motor 102 based on signals, such as signals 405 and 407,
received by pre-driver system 408 from disk drave )
controller 402. BEMF detection circuit 418 provides
feedback in the conventional way to enable pre-driver
system 408 to determine when motor 102 should be
commutated (i.e., detects movement of rotor’s magnetic
poles relative to phase windings A, B, and C which affects

how commutation timing is to be controlled).

During the “external commutation mode”, commutate

signal 407 determines when motor 102 should be commutated
by pre~driver system 408, which, in turn, drives driver
circuit 420. Commutation values for first portion 302A of

commutation curve 302 are pre-defined and stored as a



deriving the first set of commutation values based on the velocity profile
of the nmotor. 9. The nethod according to claim8, wherein derivj t he
first set of commutation values further conprising: defi niggy ﬁb%zﬂﬂal
value of the first set of conmutation values as an inverse of a notor speed
at an el apsed tinme fromwhen the notdd has started; and defining a next
val ue of the first set of commutation values at an el apsed tine when a

total of the,previous comutation I equal.s e S time. 10. The
met hod accor Bﬁgﬂt‘% Gt ?to\/\)rq%lp%%lﬁ %&ﬁszce\lf\elldggi'tép%%%l eeagf4 the motor is
linear. 11. Therietdhodleccomduhgtion ctalivesl@rohurhherodompr itsbhg: 1def i ni ng
cach of the seend ool Qf RTmhat | Al yalif.dsof PLOEL AL pedat i ve

sl ope based on ac eT€ration characteristics of the nmotor and an el apsed
time froma kastuconii atalorsvabueseforichedritish po2sioh @ddedatoobhe | ast

commut ati on val ue the firs ortion of the,co tation profile. 12. The
46, 4 e 23,000 GROTHALL o0, Bt

nmet hod accorﬁluﬁéjet < fuf tclomr%aﬁr ifgirng: i TTiRE motortddes not

reach a critieal aspeedtdyecanmiut aémogy tdyestrnt aoeut Prozésrprt M@4second set of
comut ati on val uef re-cal cul ﬁtitn nthj_gzorsedc r)ec]i[ set oftrtlzé)m‘ruta ign val ues by
decr easi ng a“g85PFed V& 5@ AF 8RR h TomAn AT BA Bet i od CERE2 19" 7 N o V

2002 - 23 coatnekl fog oormma gbirononf3d3ke arwtwed lusTogintlenemtcaheul at ed

second set of co ation values. 13. The thod accordi.ng to.claim?7,
Rget a0, &t i

| .
further conpfaiHg® “tduplaiGsa EpPAGTE: o UrsE8r SO hG a4t east one

rot at ~abl e magnetkechdi ke of rewdicskmdtatviort d.st te spondl eonmaujalteng a
read-wite sensor _t osi tianing, device; positioni t.he _positioning
device, the redd?wr 207 L godry h%x%‘?fr]allelaﬁomﬁ‘ﬁgaPg?‘étb%goqlé:arlmgneti ¢ disk
to read and wiirkeitheref4mcaandedr byt ngy tdwemmmbat ohocOPerdlt acghe spi ndl e
and the at I%ﬁ%tckoggsr ot atabl e

With reference now to Figure 5, a flow chart of a
method 500 for operating and controlling commutation of a
motor 102 for driving a disk drive 100 in accordance with
the present invention is shown. Method 500 starts at block
502 and moves to decision block 504, which depicts
processor 404 selecting between an external commutation
mode or an internal commutation mode. If motor 102 has
already been started-up and has reached the critical BEMF
speed, then processor 404 selects an internal commutation
mode or self-commutation mode to drive motor 102 via BEMF
detection circuit 418, internal commutation block 414, and
commutation control logic block 416. Following an internal
commutation mode selection at decision block 504, method
500 proceeds directly to block 514, which shows that
pre-driver system 408 directs the self-commutation mode
for commutating the motor throughout the remainder of the

start-up of motor 102 until motor 102 finishes



nagnetlc di sk of the disk drive. 14. The nethod according to claim?7,

furt her conprising: in response to selecting internal comu

controlling conmutation of the notor utilizing self conwutah?%ﬁﬁgPVEQQGZﬁ ng
i ndi cated by a backel ectronotive forgg (BEMF) detection circuit. 15. A

system for controlling a notor having 'an exponentially decayi ng comutation
profile, said systemconprising: a nenory that stores a first set of

comutation yalues. f:am tU ESEaP&éE'é}%&fm%h@l%%@é@nta‘rﬁi' b+ 66 ad g
comutation profile an | i near “equation describing a velocity profile of

t he not or foth@@f¢¢¢mgﬂab§@§6n§1§et of commut ation val ues approxi mating a
second portion of the exponentially decaying conmutation profile; and 2 7
N O V 2002 -24 a processor, coupled to the nenory, that, based upon the
first and second @@ﬂ@mb@tééﬁnhﬁaﬂlothﬁﬂﬂ@sloéeh@$dW€sBﬁﬁnﬁﬂﬁatlon si gnal s

utilized to coRtrQl- Lgprgwth%fsl 8Bt0fet N dmlor cat staridn. sifir Jh&System
according to claim , further conp r|S|ng a notor pre-driver circuit
0

havi ng a backber eRiesiistary d0foFEect BEMBL <@d Fo%‘é‘%aﬁ)‘rod\/m% 5°f eedback

signal indicative Ritdotidbhl 0ORxeE hhE MRiDontRBl ekdndhe JRLaL B6s-driver
circuit includes a control circuit that sel ects between externa

comut ation &F BRRE Bt o GeRNR&SFEREEN 0 IHEUEB DR at $ 61 'siCgR&RS gener at ed

by the procegseroanskdniareal sgeuumt &dd OrrQf oligg Mt asxthased upon said
feedback signal. 17. The system according to cIa|n116 and further

conpri si ng acABEBE2 BV @O PEARE ERRM e daE SaNdPHH B Ydr e PdPFYer circuit.
18. The syst eBsageehslifithit otbdi MdA7; s anshrfdhkbar »GONPIISiiRg FREOr Wi ndi ngs

ener gi zed by gal d olor, dII VST SLESUD L s RuTESK SIS, COmBr T of no:
302A of commutation curve 302 and stored in memory system
406 (i.e., stored i1n the look-up table). Commutation
values for first portion 302A of commutation profile 302
are derived from an equation based on velocity profile 202
of motor 102. The general equation for computing first

commutation control values for first portion 302A 1s as

follows:
Comm Period for FP = 1/V(t) = 1/(slope * t)

in which Comm Pericd for FP is the value of the
commutation period for the motor during first portion 302A
of curve 302 at a particular elapsed time t from when
motor 102 started, V{t) is the velocity at time t, and

slope is an acceleration based on the ideal start-up

velocity profile of the motor.

For exemplary motor 102, the specific equation is
Comm Period for FP = 1/(((2200 RPM/sec) * time) * (24/60))
since 2200 RPM/sec is the start-up acceleration for motor

102 and 24/60 is a conversion factor from units of
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equals the elapsed time. For example, 1f Tl is the first
commutation period and tl1 is a first total amount of
elapsed time from when motor 102 has started, then Tl is
determined when Tl equals tl. Referring back to Figure 3,
Tl equals tl at about 0.035 seconds. Furthermore, if T2 is
the second commutation period and t2 is a second total
amount of elapsed time from when motor 102 started, then
T2 is determined when the sum of Tl and T2 equals t2.
Subsequent pre-defined commutation values are derived for

following elapsed times in the same manner.

Referring bkack to Figure 5, method 500 moves from
block 506 to block 508, which depicts that motor 102 is
commutated by utilizing commutation values derived for
second portion 302B of commutation curve 302. The general
linear equation for computing commutation contrecl wvalues
for second portion 302B is as follows:

Comm Period for SP = (slope * SP time) + (last Comm
Period for FP)

in which Comm Period for sP is the value of a commutation
period for the motor during second portion 302B of curve
302 at a particular elapsed time starting from the last
commutation period for first portion 302A, slope is the
linear rate of decrease of commutation periods (a negative

value) as shown in second portion 302B of commutation
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Referring back to Figure 5, method 500 moves from
block 506 to block 508, which depicts that motor 102 is
commutated by utilizing commutation values derived for
second portion 302B of commutation curve 302. The general
linear equation for computing commutation control wvalues
for second portion 302B is as follows:

Comm Period for SP = (slope * sp time) + (last Comm

Period for FP)

in which Comm Period for SP is the value of a commutation
period for the motor during second portion 302B of curve
302 at a particular elapsed time starting from the last
commutation period for first portion 3027, slope is the
linear rate of decrease of commutation periocds (a negative

value) as shown in second portion 302B of commutation
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shows processor 404 determining whether motor 102 has
reached a critical BEMF speed. Windings A, B, and C are
located an a stator of motor 102. A rotor revolves around
an outside portion of the stator. The rotor houses
magnetic poles, and, as these poles move around windings
A, B, and C, the poles generate a moving electromagnetic
field. The resultaing effect on windings A, B, and C 1s a
moving (sinusoidal) voltage waveform (i.e., BEMF voltage).
The magnitude of this voltage 1s directly proportional to
motor speed. BEMF detection circuit 418 only operates
properly when this BEMF voltage is above a critical
threshold level (i.e., motor 102 is rotating above a
corresponding critical BEMF speed). As stated earlier,
motor 102 may not have started and reached the critical
BEMF speed due to drag conditions (1.e., due to cold

temperature conditions or accumulated grease) that have
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not been factored intoc the 'equation for e commutation

values for first portion 302A.

If motor 102 has not reached the critical BEMF speed,
method 500 proceeds to block 512, which shows that
processor 404 decreases the slope (1.e., acceleration) of
motor 102 in the equation used to derive commutation
values for second portion 302B. The slope is decreased by
a pre-determined adaptabilaty factor. This adaptabilaity
factor is the amount by which the desired acceleration is
to be reduced in an attempt to retry starting motor 102
following a failure of motor 102 reaching the critical
BEMF speed during start-up of motor 102. For example, the
factor may be defined as ten percent (10%) of the slope
every time motor 102 fails to reach the critical BEMF
speed during motor start-up, and therefore, the slope term
of the equation is reduced by ten percent each time motor
102 fails to reach the cratical BEMF speed. Method 500
loops from block 512 back to block 506, which shows that
the pre-defined commutation values for first portion 302A
from the loock-up table are used again to commutate motor
102. Block 508 shows that motor 102 is commutated using
values that have been re-calculated from the linear
equation in which the slope has been decreased for second
portion 302B. Method 500 repeats the process at blocks
506, 508, 510, and 512, as necessary, until motor 102
reaches the critical BEMF speed. The final commutation
periods that are used for motor 102 reaching the critaical
BEMF speed are calculated and used by processor 404 and
pre-driver system 408 to drive commutation driver 420 and
control commutation of motor 102 to model second portion

302B of commutation profile curve 302 for motor 102.
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motor 102 to the target operational speed. Method 500 then
finally ends at block 520.

While the invention has been particularly shown and
described with reference to a preferred embodiment, it
will be understood by those skilled in the art that
various changes in form and detail may be made therein
without departing from the spirit and scope of the
invention. For example, although aspects of the present
invention have been described with respect to a computer
system executing software that directs the functions of
the present invention, it should be understood that
present invention may alternatively be implemented as a
program product for use with a data processing system.
Programs defining the functions cf the present invention
can be delivered to a data processing system via a variety
of signal-bearing media, which include, without
limitation, non-rewritable storage media (e.g., CD-ROM),
rewritable storage media (e.g., a floppy diskette or hard
disk drive), and communication media, such as digital and
analog networks. It should be understood, therefore,- that
such signal-bedring media, when carrying or encoding
computer readable instructions that direct the functions
of the present invention, represent alternative

embodiments of the present invention.



1 109%<& ()- F:10%<& ()-YLO%& ()-!, 109%& ()-m 910%<<& () - 4R444)5d5 6}"<P6!)
109 () -, T 109%& ()-, -109%<& ()- Z10%& ()-S'TY 3‘V<iO%—I<H<<% ?) N%N’ 2002
39409 ()-S 6678y8z8{8|88zodY: 910%& ()- 10< 10<
10<f &310%<& ()-S! S010%<<& ()-@8 "*10% ,-&p(-)-'8
T*10% <, <& () - 888==4>G?H?"<.: 1000! A-' $10%00& ()--!-"$10% ()--;
+109%08' ()-!' A *10%H& () -"310%0& () -9! y10%08& () - H?1 ?2J?N?] ?° ?AAQE:
1000! Al yF#10ToATMS: () - SF10% & () - @0% & ()-L!,10% & ()-Gl0% & ()- 1000
1000AC=DDELEE} A?E: 1000! f 1&10%/& () - Sfs010% & ()-!A. 10% (! (& () -
&M0% & ()-"!3 &AOYR ()- YSHI0%&' () - EEEEEFF=FFbC
1000! @ 0% &What HlAARd(g:- 1094 & ()-!'10% & ()-F 10( 10( 10(y410% & () - F!' G&H,
HHHaBbC 1000! f- 10% & () -! Y$10%H&' () - SF10% & () -fl &10% & () - S910% & () -S
-10% & () - HI%oLpLgLr LvLL} oP1 1"109%& ()- FY109%&' ()-s 10(( 10(( 10((!,

10% (& () - "1 Y@‘lﬁ%lﬁétﬁ& (f))r c}gnt\f@ﬂi (y@(&ﬁﬁnﬁt)a GIH-L%P P@” afqg&tor that has a
1" 1 K3L' &109%&' () - $MLOYR' ( ()-TYdoY& ()-!YodOosk () Y109%&' () - @ 0% ()-Q R'R
RoRQST%W/uV4 commutation profile characterlzed by an exponentlally decaying curve, said

50,

method comprising:

pre-defining a first set of commutation values for a first portion of an

exponentially decaying commutation profile of the motor;

deriving a second set of commutation values approximating a second

portion of the commutation profile based on a velocity profile of the motor;

externally controlling commutation of the motor during startup using

the first and second sets of commutation values; and

thereafter, internally controlling commutation of the motor utilizing a

back-electromotive force (BEMF) detection circuit.

2. The method according to claim 1, wherein pre-defining a first set of

commutation values for a first portion further comprises:

deriving said first set of commutation values based on the velocity

profile of the motor.

3. The method according to claim 2, wherein deriving the first set of commutation

values further comprising:

defining an initial value of the first set of commutation values as an

inverse of a motor speed at an elapsed time from when the motor has started; and

defining a next value of the first set of commutation values at an elapsed

time when a total of the previous commutation values equals the elapsed time.
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defining each value of the second set of commutation values as a
product of a negative slope based on acceleration characteristics of the motor and
an elapsed time from a last commutation value of the first portion added to the

last commutation value of the first portion of the commutation profile.
6. The method according to claim 1, further comprising:

if the motor does not reach a critical speed by commutating the motor
utilizing the second set of commutation values, re-calculating the second set of
commutation values by decreasing a desired velocity at each commutation

period; and

controlling commutation of the motor using the re-calculated second set

of commutation values.

7. A method for operating a motor that has an exponentially decaying commutation

profile, said method comprising:

coupling a motor that has an exponentially decaying commutation

profile to a motor control system;

pre-defining a first set of commutation values for a first portion of the

commutation profile;

deriving a second set of commutation values approximating a second

portion of the commutation profile based on a velocity profile of the motor;

utilizing the control system, selecting between externally commutating

and internally commutating the motor; and
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deriving the first set of commutation values based on the velocity

profile of the motor.

9. The method according to claim 8, wherein deriving the first set of commutation

values further comprising:

defining an initial value of the first set of commutation values as an

inverse of a motor speed at an elapsed time from when the motor has started; and

defining a next value of the first set of commutation values at an elapsed

time when a total of the previous commutation values equals the elapsed time.

10. The method according to claim 7, wherein the velocity profile of the motor is
linear.
11. The method according to claim 10, further comprising:

defining each of the second set of commutation value as a product of a
negative slope based on acceleration characteristics of the motor and an elapsed
time from a last commutation value of the first portion added to the last

commutation value for the first portion of the commutation profile.

12, The method according to claim 7, further comprising:

if the motor does not reach a critical speed by commutating the motor
utilizing the second set of commutation values, re-calculating the second set of
commutation values by decreasing a desired velocity at each commutation

period; and
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13. The method according to claim 7, further comprising:
coupling a spindle to the motor;

coupling at least one rotatlable magnetic disk of a disk drive to the

spindle;
coupling a read-write sensor to a positioning device;

positioning, by the positioning device, the read-write sensor over the at

least one rotatable magnetic disk to read and write therefrom; and

driving the motor to operate the spindle and the at least one rotatable
magnetic disk of the disk drive.

14. The method according to claim 7, further comprising:

in response to selecting internal commutation, controlling commutation
of the motor utilizing self-commutation at a timing indicated by a back-

electromotive force (BEMF) detection circuit.

15. A system for controlling a motor having an exponentially decaying commutation

profile, said system comprising:

a memory that stores a first set of commutation values for a first portion
of the exponentially decaying commutation profile and a linear equation
describing a velocity profile of the motor for defining a second set of
commutation values approximating a second portion of the exponentially

decaying commutation profile; and
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a processor, coupled to the memory, that, based upon the first and
second sets of commutation values, generates commutation signals utilized to

control commutation of the motor at startup.

16. The system according to claim 15, and further comprising a motor pre-driver
circuit having a back-electromotive force (BEMF) sensor that provides a
feedback signal indicative of rotation of the motor, wherein the motor pre-driver
circuit includes a control circuit that selects between external commutation of the
motor in response to the commutation signals generated by the processor and

internal commutation of the motor based upon said feedback signal.

17. The system according to claim 16, and further comprising a motor driver circuit

coupled to said motor pre-driver circuit.

18. The system according to claim 17, and further comprising motor windings

energized by said motor driver circuit.
19. A disk drive, comprising:
a motor having an exponentially decaying commutation profile;
a spindle coupled to the motor;

at least one rotatable magnetic disk of a disk drive coupled to the

spindle;

a read-write sensor coupled to a positioning device for positioning the
read-write sensor to read from and write to the at least one rotatable magnetic
disk;

a motor driver circuit;

a motor pre-driver circuit coupled to the motor driver circuit;
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the motor for defining a second set of commutation values approximating a

second portion of the commutation profile; and

a processor, coupled to the memory, that, based upon the first and
second sets of commutation values, generates commutation signals to control

commutation of the motor at startup.

20. The disk drive according to claim 19, wherein the motor pre-driver circuit further

comprises:

a back-electromotive force (BEMF) sensor that provides a feedback

signal indicative of rotation of the motor; and

a control circuit that selects between external commutation of the motor
in response to the commutation signals generated by the processor and internal

commutation of the motor based upon said feedback signal.

21. A program product for controlling a commutation timing of a motor that has an

exponentially decaying commutation profile, said program product comprising:

first instructions that access and use a first set of commutation values

pre-defined for a first portion of the exponentially decaying commutation profile;
second instructions that derive a second set of commutation values
approximating a second portion of the exponentially decaying commutation

profile from a linear equation describing a velocity profile of the motor;

third instructions that generate commutation signals for commutating

the motor at startup using the first and second sets of commutation values; and

computer usable media bearing said first, second and third instructions.
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23, The program product according to claim 22, wherein an initial value of the first
set of commutation values is defined as an inverse of a motor speed at an elapsed
time from when the motor has started and a next value of the first set of
commutation values is defined at an elapsed time when a total of the previous

commutation values equals the elapsed time.

24, The program product according to claim 21, wherein said velocity profile of the

motor is linear.

25. The program product according to claim 24, wherein each of the second set of
commutation values is defined as a product of a negative slope based on
acceleration characteristics of the motor and an elapsed time from a last
commutation value of the first portion of the commutation profile added to the

last commutation value of the first portion of the commutation profile.

26. The program product according to claim 21, wherein if the motor does not reach
a critical speed by commutating the motor utilizing the second set of

commutation values:

said second instructions re-calculate the second set of commutation

values by decreasing a desired velocity at each commutation period; and

said third instructions generate commutation signals using the re-

calculated second set of commutation values.



