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S~~ENT SPIN S~NE WAVE GENER?-..TOR 

EP.-CKGROUND OF '!'HE :;:)1-VENTION 

1. g,£:::RDTCSS '!'O ll.2~I.ICA7!0NS F:?.OM WP.IC?. P!<.IORITY .:s CL..~IMF'::J 

This ap9lication is a continu~tion-in-par;: cf co-pending 

applicaticn seria: nu.'llber 09/300,754, filec 4./26/99, whic~ 

claimed the benefit cf U.S. Provisional Patent .il.p9lication No. 

60/083, 156, filed ?.pril 27, 1998, and .is a ·continuation-in-part. 

of co-pending application serial number 09/ 448, 57'.i., filed 

November 23, 1999, all of said appiications being incorporated 

herein bv reference. This aoolic~tion also claims orioritv f::-om - -- . ... -
CT.S. Provisional Patent A.oolication No. 60/203,129, filed May 8, . --
2000, said application being incorporated herein by reference. 

2. F!ELD OF THE INVC:NTTON 

This inventicn· relates to improvements in methods and 

ci.::-cuits for driving DC brushless, polyphase motors, such as a 

spi~dle motcr of a hard disk drive, or the like, and more 

particul~rly to imprcvements in such driving meth9ds anc 

circuits that at least reduce the acoustic noise in motors of 

this type, and to improvements in driving methods and circuits 

for driving such motors using driving voltages t~at are 

approx.im.;:.tions of waveforms constructed· f::cm substantially 

sinusoida.!.. waveform segments, and, more particularly, 

const=~ctsd from substantially linear approxirr~ticns of sue~ 

waveform approximations. 

3. RELEV?.NT 3ACKGROUND 

In t~e operation of DC brushless, polyphase w.otors of t'.:!e 

whic::i the invention. per.:ai:is, efficient mc-co:r dr:.ve 

:>:ecul.res thc.t the e:{c:'..ta-cicn current ap9lied r:o the motor phases 
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be aligne~ with ~~e bemt gene~ated by individual phases. Cne cf 

phase-lccked lee~ ! ~':'" - \ 
\ - -'-" f I wr<:..c.:; adj us ts ;:~e pha.se c.nd f.!'equenc:; 

the c~m..'nm:at: ion, ~h--
1... .... C. ..... t~e ~emf c: 

.i:i the ~ent:er 

wavefo.G.'ls includes c.n unc:::..-,en regicn, 

state, 7:, +!, 0, -1, -L, 0, sequence. 

Sinca the +l, -1,. 

- <:: c:.~ 

0 

uncri'1Em wincing 

ccrnmut:aticc. 

.... o-

sequence has sharp 

frequency components. These tend to excite mec~anical ~esonances 

in the m9tor, which resu:ts in the creatio~ of undesirable 

acoustic :-'!.Oise. Moreove~, the step-func-cion t:.r!stating of the 

undriven motor phases, together with t!'le step-function driving 

waveform itself produces a degree of torque ripple in the motor. 

The torque ripple results in an unevenness or jerkiness in ~he 

mct~r rot:tion, whic~ also excites ::escnances in the meter, alsc 

causing undesirable acoustic noise. 

Thus, if it is des.::..::ed to reduce c.coustic noise, a sJ..ne 

wave shaped excitaticn signal is more apprcpriate than the 6-

state se~uence. If t.he motor driver c~nsis"Cs of si~usoidal 

c~.=:::ent sources, the same voltage sensing PLL described above 

can be used. Howeve~, when the dut1 cyc2..e of the ,er:.. ver 

varied si:msoidal2.y, the mot.er dr:..ver excitation is pulse-wict::. 

moculated ( Pw"M) to mi:iimize power dissipation in the driver 

This Fe:::tits lower cost: 9ackaging and an ove~all saving l.~ 

System cost. Howeve!:', i:i the past, it has been difficult 

generate c~rren"Cs ::.hat have a pure sinusoidal ·,.:avefc!.:n, 

~ar:.:!..culc.r:2.y when t::i.e c~r:-ents are ralat:..~rely high, and when c 

:;::::l ;::revicus a~plicai::icn seria.:. aumber 09/300, 7 54, _.::: .. _"""' 
C..!..-t::-

:..::i:.ia2. :::aseline cancellc.r.:..on, a c.:-:..v:.ng -,.:avefor:n ~vas formed of 
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..::::~cc.t:enat:ed se-;rr,erH:::.s· cf 120"' of ze=o, follcwed by 1.20"' of ";.:rp 

:icok", and "ccwn :icok:". ~~e UF-hook and down-heck 

wa•1e.:or:il.s we!:"e ·;-e!1e!:"c.-.::ed in two M.DP..Cs. The cpe.r-c.t:icn cf ::~e 

MDP..Cs had scme ~r:.oiems resu2. ':.ec in difficulty :.n for:n.:.ng 

t~e desi=ec drivi~g wavefor~s. In par~ic~lar, cir~uit t:radeof.:s 

cperate .:.:i t~e polyphase DC motor environment. 

Also, using c.n 1:-!DP..C -;:o form waveforms segment::: 

themsel~;es formed ::rem sinusoidal - . . . . . 
wave~cr.ns segrnen~ c~mcinat:~ons 

=:quires special MDAC design and operacional conside!:ations. A 

cesign in which ~he dri v:)..ng wavefor.ns can be constract:ed ::=om 

linear waveform segments to approximate the sin~soidal wavefor.ns 

segment combination would significantly ease the realization and 

operation of such MDAC. 

Consequently, what is needed is a disk drive and method for 

c:;:>erating it in which the noise associated with the drive in 

operation is reduced or el~minated. What is additionally needed 

is a disk drive and method thaL employs drive signals that are 

develc9ed frcm sinusoidal signal segments, which can be easily 

approximated and ge!lerate:d by concatenat$d l.inea!: signal 
.. 
segments. 

Sv~J..RY OF TF.E INVENTION 

In light of the above, therefore, ; ... 
-1... is an object of ;:::..:ie 

invention tc provide an impro~rec disk drive and method :er 

in which the noise associa tee with the drive i:i 

cperation is reduced or eliminated. 

It is still another cbjec~ cf tie invention tc provice a 

disk d!:ive and method that emplcys mu:.tiple drive signals t::iat 

~ave segments that have substancially continucusly concatenated 

;.;ave for:as -ra 
0...:... - cons;::::-:ictec 

Segmen~s of a sinuscidal signal. 
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iiiiiii 
::'hese anc ct::e:- c·o~ec:s, features c.nd advam:aqes of .::~e 

i:iventicn will be a~pare~c tc these sk:..lled in the a~t f=cm t~e 

followi;ig detailed .::esc:::..9ticn er -che i:itie!ltion, :.;hen !'ea.a in 

conjunction w~t2 t~e accompanying drawings and appended claims. 

Thus, acccrdi::g <:c a bread c.spect. of -che i..n.ve!'..ti.on, a 

method is pr:esem::e-:. for c9e.!:"c.ting c. ~hree-phase cc mct:or. ':'..'he 

methoc incluces ge::e::.:::t::'..ng a set of ~h.:-ee wav·e.fo.r:ms -C:) provide 

c!:':..ve -c,~cltages c~ respec~ive windings of the me-co!'. 

waveform has pe~ioc of 360°, with - F~ rc::­c. .A-,.:....;..,-,_ segment ha"i.-... ing c. 

Ee.ch 

value 

of zero for 120 °, follcwed by a second segment ha~1ing an "~p 

slope" shape for 50°, followed by a third segment haiti::ig -::.No 

consecutive "cap" shapes for 120°, followed by .a fourth segment 

having "down slope" shape for 60". Eacb. waveform of the set is 

displaced from one another by 120°. The wavef or.ns then 

applied to the respective windings of the motor. The segments 

each apprcx~mate "'tfl~~G(sin(rot~~}-min{sin(rot),sin(mt-120°},sin{rot-

240°) }, where VMAG :.s the peak a.rr.pli tuce of each wave for.a, o:n: is 

a phase angle C·f -::le waveform, and ~ :LS an initial 9hase ang2.e; 

however, in a preferred embodiment, the waveform segments 

comprises at 1 c:.;:::. ~~ ----(.,... one linear wave.:::orm. Prefer.&;bly, the wavefcrm 

segments may have two linear porticns, with a break;;oim: at: a 

midpoint section t~ereof. 

According to another broad aspect of the invention, a 

method for reduci::-:.g acoustic noise in ope.?'ating a pclyphase de 

motor is presented. The method includes generating a set cf n 

waveforms to prov:'..de drive voltages to respective windings of 
the motor, n be:..~g tr1e number of phases of the !)olyphase de 

:notor. Each wa•Je.f::n:m has 9eriod cf 360°, and has a f~::st segment 

value of zero fc:: ( 360/n) 0
, a second "up slo9e" segment for 

(360/2~) 0 , a t~ird segment with twc consecutive "cap" shapes for 

i 360/n} 0
, and a f:::urtt. "down slc9e" segment for { 360/2~} 0

• :::c.ch 
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·..;c.vefor:n of :::.e s€:~ is d.:splaced frcm one anocl:'.er by (360/nJ 0
• 

the of 

motor to e~e~;ize :~. The wavefor:ns may be ~ulse-width mcculated 

prior to applicacicn thereof to the dri7ers. 

Ee.ch cf the segments may a!?prox.:mate v1'1'J._G ( si:.1 (mt-~l -

min{sin(mt-OX360/n~
0

,sin(mc-1X360/n)
0 , Si!l{©t-(:l-

:!. } X360/n l 0
} i 1 where V}'f...fa_G is a ma;{i::num ampl:..~ude of eacn wc.veform, 

n is a number of phases of the motor, rot is a phase angle of the 

waveform, and $ is an initial phase angle. ~he wavefor:n segments 

may c~mprise at leas~ one linear waveform, and more par~icular~1 

may have two li~ea.:: portions, with a breakpoint at a micpoi;it 

section thereof. 

According to yet another broad aspect of the invention a 

circuit is presented for operating an n-9hase de motor. '!he 

circuit has drive=s for applying. n drivi.ng signal waveforms to 

the motor. A sou~ce cf the driving signal wavefor.ms is provided. 

Each cf the driving signal waveforms has a period of 360° with a 

first segment hav:.ng a value of zero for (360/nj 0
, followed by a 

second segment h.avin<; an "up slo9en shape for (360/2n} 0
, 

followed by a third segment having t·r10 ccnsec~t.: ~re "cap" shapes 

for (360/n) 0
, fol.!.owed by a fourth seqment having a "down slope:'' 

shape for {360/2n) 0
• Each waveform of the set is displaced f=cm 

one another by {360/n) 0
• The driv:.ng signal waveforms may 

include substantially linear segments, and, more pa:!.'t.:.cularly, 

may have two linear portions, with· a breakpoint at a mid9oint 

thereof. A circ~it may also be pr~v~ded for pulse-wict~ 

modulating the c=iving signal wavef~rms prior to application 

the=eof to the drivers. 

"'he c::~amenc·"' m-,, e-c:... c.-.--_ o_ r::>xima:c.e ".,i1'1'..AG\' sin (rot-di.) -min{ sin {roe-
,., ~<::: _.l ' ~ ' c._ ::;;. •• .... 

OX360/n)
0 ,sin(rot-:X360/~)

0 , where 
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ct t~e waveform, and ~ is an ::.itia~ phase angle. 

-~cccrding t.o yet: ancr:~e= br:Jad a.spec:: of t.h.e invem:ion1 a 

c~sk drive procuc~ of :he t}pe havi~g a de brushless 1 Hall-less, 

th.!:'~e phase mccor ==r =ct.a.ting a data ccncaining media is 

presented. The proC.~ct i::lc.i.udes chree . driYe.!:' ci=c-:.tits f,or 

prov~ding driv:ng respec:.i v-e sets cf 

windinc;s in the mote:-. :p_ ::cu=ce of three motor C.1:'ive voltage 

waveforms provides the drive s~gna~s. Each wavefor:n nas a per~cd 

cf 360°. A first segment has a value of zero for 120°. A second 

c:e,...,,..,e.., ... h-s -n "uo - 1 -oe" -\..- _-.-or 60°. ~- thi" ... -a· s~gmenr hc:.-s t·.:ro - ~"· .... t.. l c:. a. - ;:::..1.l.,;. ;:::;:c.pe r. .... ~ 

c::>nsecut~ve "cap" shapes for 120° 1 and a fourth segment has a 

"down slope" shape fer .. ,.o 
CV • Eac~ waveform of the set is 

cisplaced from one a~cther ~Y 120°. 'J'L. • • • 
_;1e ar::..v1ng signal waveforms 

may be formed cf substantially linear segments, and more 

particularly of two subs~antially linear portions, with a 

b!:'eakpoint at a mid;;:oint the.?:eof. '!.'he segments may ap9roximate 

~J..G(sin{et-~)-min{si~(et-OX3o0/n) 0 ,sin(et-1X360/n) 0 , ••• sin(et­

(n-l)X360/n)0};1 whe=e v~1F..G is the peak a.~plitude of ·each 

waveform, et is a ;::iase angle of t!le waveform, anc qi • is c.n 

initial phase angle. 

BRIEF DESCRIPTION OF ~HE DRAWINGS 

The invention is illustrated in the accompanying drawings, 

i:i which: 

Figure l shows ice al driving signal waveforms "!:or 

application to a three-phase de motor. 

Figure 2 is a !:::!.eek diagram cf a porcion of a circuit for 

p=oviding driving si~~als ~o a poly~hase de motor, in accordance 

with a prefer.?:ec· embc~iment of the invention. 

Figure 3 shows an "up. slope" wavefor::n segment gene.!:'atec ac 

:~e output of one of t~e MDAC circuits of Figure 2 to 
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a99rox.:.mc.te the icec.l waver:-:r:ns of ~igure l, in accor:iance wi::~ 

a prefer=ed embodiment of the invent~on. 

Figure 4 shows a "ca~" waveform segment generat:ed at ~he 

cul:put cf another cf the MDAC circuits of Figure i .... ,..., ....... 

a~proximate t~e ideal waveforms of Figure l, in accordance with 

a preferred embodiment of the invention. 

!n the various figures of the drawing, like =er:erence 

numerals used to denote like or s·imilar parts. 

DETAILED DESCRIPTION OF THE .?REFERRED ~~BODIMENTS 

!~ accordance with a preferred a'llbodiment of the invention, 

the driving wavefo.t:ms that are applied to the windings of the 

motor to be driven are deri'"red frcm s_inusoidal ·wavefor:n.s in the 

manner desc=ibed in U.S. patent application 09/300, 754. The 

mocor may be of the type desc=iped above, and~ more 

particularly, of the polyphase, DC motor type described in said 

U.S. patent application 09/300,754. In the embodiment 

illustrated, the motor is preferably a three-phase DC motor. 

In the embod::ment illu.st~at~d, three signals are· def.:!..ned, 

each displaced in phase 120 ° from the other for driving each 

phase of the .motor. It should be noted that since the motor 

w~ndings are typically driven with two of th~ three coil winding 

nodes of . a "Y" coil configuration bei;ig driven and one being 

used as a sink, it is not necessary to drive each node wit:i a 

purely sin~sc{dal waveform .. It i~ suffic~ent if the di£ferent~al 

voltage between two driven nodes is substantially a sinusoidal 

waveform. ll. graph showing three consecutive driving waveforms 

.1 c:; -- , 46, and 47, according to a preferred embodiment of the 

inventicn, is shown in Figure 1. Each of the wavefor.ns 45, 46, 

a~ 47 :..s applied to respe~~.:.ve commutatively determi~ed pairs of 

~~e ~npu~ te:r:ninals of the motor to be driven. 

To construct the driv:..ng waveforms 45, 46, and 47, -.:!"le 

value of a si~usoidal .wavefor:n having the instantaneous mi~:..mum 
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120° out-cf-9hase wit:i 

. _, whic:i 

wavefor:ns cesc=icec i~ U.S. pate~t a99~icacicn 09/300,7~4. Thus, 

c-c:.- .: ... . --u"G ( . ( . . . . { . { 
-c. •• O!. t.:le .::egme~:s racy appro:cill.ate vtv!1-_- s!.:i cn:-~1-:u::..n s:.n et.-

Ox-6-'"1/ . 0 • • ----~ .... / ~ 
.J v i!J , s:.!"d0L.-.:.~<..;tv nj , ... s.in(et-(n-llX360/u) 0 }i, 

phases of the mete=, ror. :s a phase an~le of the wavefor~, and ~ 

is an initial phase angle. Each of the wavefor.:ns has an up-hook 

portion 40 and a ccwn-hc-0k portion 42. ~hus, although appearing 

like sine wave seq:nents, the driving waveform segments 

fact not sine wave segmer:.cs. ·Moreover,. since each motor phas~ is 

tristated for 120° of the commutation cycle, each waveform. has a 

segment 43 that is zero =or 120°. 

A portion 10 of a c~rcuit for providing driving signals to 

a pclyphase de mot~r, in accordance with a preferred embcdiment 

of the invention, ~s shewn in Figu~e 2. The circuit includes a 

"cap" generating MDAC 12 and a "slope" generating MDAC 14, below 

described in C.eta:..l. T~e cap ano slcpe ~..DA.Cs 12 and 14 

updated once .eac:.. PWM c::K cycle anC:. provide shaped signals fo:: 

selection by a mu~~ip~exer 16 for a~plication to the three-phase 

de motor 18. The cc motor 18 turns the spindle cf a cisk 19, for 

example, used in a mass data storage device. If desired, the 

outputs of the MDACs 12 and 14 can be pulse width modulated i~ 

known manne.r: by PWM moculators 36 anc 38, as shown, to ccnt?::ol 

the power applied ~o the motor 18. 

The MDP..C 14 gene.!'ates :..ts ou-:put a signa2. t.hat has 

slope waveform t~at mc.y be de=ived to approximate a segment of c 

sine wa•re; more pc.!:'ticu2.arly, c. 60 ° segment of a si:le wave - The 

MD.P.C i4 can generate t~e segment i~ either c.scenci~g c~ 

descending crde.!:", so t~c.t the ascend.:..'.'lg wavefo.r:n substantially 
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:~llcws c.r~ "up-slo~e" segment 50, shewn iil Fi<;t!re :., or that che 

descenci:.~ wavefor:n sucs1:c.m::...s.ll.y ::)llcws a '\:icwn-s.i..cpe" segment 

S2, also shown in figure l. If t:te pe:-.:.od cf the wavefor.ns :.s 

c::;ns:.ce::-ed t~ 'be 360° / the "up-slc~e" segment 50 or "down-slo~e" 

segment: 52 :.s cf the lengt!!. ( 360/'.Zn) ", whez::e ;i ·is the aumbe :!:" 

cf ?hases of the motor. 

P.::-e£erably, the wavefcr:ns prcc;iceC: by e;;e "slope" MDJl_C :.4 

li:iea.r 'NC.'tlefODUS, for example, C.S Shown J..::1. t:he 'N'C.Vefor:;ns 60 

of Figure 3. As shown, the wc.vefor:ns 60 i:i.c.!.u.ded a break po:.:it 

62 apprcximately midway between the top and boctom of the 

wavefo.r::ms, so that the overall shape of eac!l half of the wave 

fo.r::m 60 is a curve that is a approximately the ·same as the "up­

slope" segment 50 er "down slop~'' segment 52 shown in Figure 1. 

One of t:he advantages that results from using linear waveforills 

in the cpe!:ation of the MDAC 14 is th.at they can be generated 

easily by providing a linear counter that selectively counts up 

or down at. a predetermined. :!:°aLe. 

If cesi::ed, the MDAC 14 can include a scaling circuit to 

the overall magnitude o:;: waveforms 60 that are 

produced. The. scaling circuit may include, for example, a 

plurali;:y cf current generators that may be inC.ivitiually 

addressably selectable to provide the qiasing current necessary 

for the generation of the desired waveforms. Also, if desired, 

the wavefor:ns 60 can be generated by subtracting a count va~~es 

from the. predetermine bias value. 

Similarly, the "cap" MDAC 12 can be constructed to procuce 

two consecative "capu waveforms 65 and 66, as shown in E"igure 4. 

Each of ;:he "cap" waveforms 65 and 66 is formed by a linear up­

count t:::: a break poi::i.t 68, followed by a li:lea.r: down-count to 

the st.art value. ::-esulti.ng wa7efor:ns and 66 

using l:..near wc.vefor:n tec:rn.:.ques, using, for example, linear up 
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c.nd dcwn counte::s, ·,;ave segments 67 c.nC. 60 can be 

easily apprcximatec. ... .:... cc.n be 

included in the ~DA.C - .... 
!. t.. so that: the overall scale of :~e 

wavef~r:as c~n te cecer:ni~ec, for inscance, by c.n addressing 

c~rc~it, or the ~~~e. r: che wavefor.n has a 9er~od of 360°, each 

t:he cap segrner:::s mc.y be of the lengt:h cf (360/2!1) 0
, .:::"",.... -.!..-- c. 

total 2.engt~ of ;360/n} 0
, with t:. being the numbe!'.' er motor 

phc.ses. 

The outputs f=cm the respective MDACs 12 and 14 

selectively applied to motor control· lines 30-32 for c.p9lication 

to the t.:iree-phase motor i8, by a multiplexer circuit 16. The 

multiplexer ci=cuit 16 ~s controlled by a multiplexer contrcl~er 

21, whic!'i receives clock pulse f;:-orn a clock gene!:"ator 22 that 

divided by a divider circuit 24. The multiplexer controller 

21 may be, fer e:<.aTUple, an address circuit thc.t repetitively 

applies addresses to the multiplexer 16 to generate the 

repeating wavefo~s 45-47 shown in Figure 1. 

If des:..red, as shewn, the output from the MDACs 12 and 14 

may be pulse wiC.th modulat:.ed, for ex2.mple, by re spec~:!. ve Pw""M 

.modulators 36. anC. 38, as shown. 'I'he pulse width modulation ma.y 

be performed in ic..~own manner. Typically, a triangle wc.ve is ~sed 

as a pass wc.vef or.:n to allow the signc.l being modulated to 9ass 

only when it is larger than the value of the instantaneous 

t::-iangle wavefor:n. One of the advantages thc.t can be realized 

using the circu.i:. of Figure 2 is that since a common clock 

signal derived f.:-om <:!"le clock generator 22 can be used in the 

generation of the linear waveform seaments, - - described a::.:>ov-e, in 

the MDAC c:'..=cui!:s 12 at 14, and the same clock signal ca;-1 be 

used tc c::>m:.=ol ~:ie timing of the pulse width modulatcrs 36 and 

38, che :iming be~ween the pulse width modulacion the respec~~ve 

wa~re!or:.ns generat:ed cy the MD.!tCs can be easily C:)orc~nat:ec to 
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c.void ~!'le delc.ys anc disc~nt:i.:iu:.ti-es i::i. the signals ap9lied l:O 

the th.:-ee phc.se mcccr 13. 

;;._1::hcugh the invention hc.s ceen desc:-ibed and illus.:=ateC. 

is uncerstocd cha:: 

che present disclosur<e has bee!! made cr:..!.7 by way o"f example, and 

that numerous changes in the combi.:la-C.:i..:)n and c.rrangement c: 

pares can be resort:ed. to by ;:hes.:: sk:.:;_:.ec. in the art withou::: 

depa=~:.nq from the spirit and sc8pe cf the :~vention, as 

hereinafter claimed. 

iiiil1if 

- :..1 -



I 1111111 llllll lllll lllll /11111 
* C L H S * 

CLAIMS: 

1. A method for operating a polyphase de motor, comprising: 

generating a set of three waveforms to provide drive voltages to 

respective windings of the motor, each waveform having a period of 360° with a first 

segment with a value of zero for 120°, followed by a second segment with an "up 

slope" shape for 60° I followed by a third segment with two consecutive "cap" 

shapes for 120°, followed by a fourth segment having "down slope" shape for 60°, 

each waveform of said set being displaced from one another by 120° ; and 

applying said waveforms to said respective windings of the motor. 

2. The method of claim 1 further comprising pulse-width modulating the 

drive voltages prior to application thereof to said motor windings. 

3. The method of claim 1 or 2 wherein said segments each approximate: 

VMAG (sin (rot-+)- min {sin (rot), sin (rot-120° ), sin (©t- 240° )}) , 

where VMAG is a maximum amplitude of each waveform, 

rot is a phase angle of the waveform, and 

4> is an initial phase angle. 

4. The method of any one of the preceding claims wherein each of said 

waveform segments comprises at least one linear waveform. 

5. The method of any one of the preceding claims wherein each of said 

waveform segments has two linear portions, with a breakpoint at a midpoint section 

thereof. 

6. A method for reducing acoustic noise in operating a polyphase de 

motor, comprising: 

generating a set of n waveforms to provide drive voltages to respective 

windings of the motor, 

wherein n is a number of phases of said polyphase de motor; and 

wherein each waveform having period of 360° with a first segment with 

a value of zero for (360/n)0
, followed by a second segment with an "up slope" shape 

for {360/2n)°, followed by a third segment with two consecutive "cap" shapes for 

12 
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(360/n)°, followed by a fourth segment having "down slope11 shape for (360/2n)°, 

each waveform of said set being displaced from one another by (360/n)°; and 

applying said waveforms to said respective windings of the motor. 

7. The method of claim 6 further comprising pulse-width modulating said 

driving voltages prior to application thereof to said windings. 

8. The method of claim 6 or 7 wherein said segments each approximate: 

VMAG (sin(rot - ') - min{sin (mt - OX360/n)° , sin (mt - 1X360/n}0
, ••• sin (rot - (n -

1) X360/n)°} }, 

where VMAG is a maximum amplitude of each waveform, 

n is a number of phases of said motor, 

rot is a phase angle of the waveform, and 

~ is an initial phase angle. 

9. The method of any one of claims 6 to 8 wherein each of said waveform 

segments comprises at least one linear waveform. 

10. The method of any one of claims 6 to 8 wherein each of said waveform 

segments has two linear portions, with a breakpoint at a midpoint section thereof. 

11. A circuit for operating an n-phase de motor, comprising: 

drivers for applying n driving signal waveforms to the motor; and 

source of said driving signal waveforms, each having period of 360° 

with a first segment with a value of zero for (360/n)°, followed by a second segment 

with an "up slope" shape for (360/2n)°, followed by a third segment with two 

consecutive "cap" shapes for (360/n)0
, followed by a fourth segment having "down 

slope" shape for (360/2n) 0
, each waveform of said set being displaced from one 

another by (360/n) 0
• 

12. The circuit of claim 11 wherein said source of driving signal waveforms 

is a first MDAC to generate said "up slope" and "down slope" waveforms, and a 

second MDAC to generate said "cap" shape waveforms. 

13 



This Sheet Has Been Replaced 

1111111111111111111111111 
l \lllll\ \\ll~ Ill\\ \\1\1 \\ \II\ 

* t L M S * 

13. The circuit of claim 12 further comprising a multiplexer connected to 

receive outputs of said MDACs, said multiplexer being operated to selectively apply 

said outputs of said MDACs to said drivers. 

14. The circuit of any one of claims 11 to 13 wherein said driving signal 

waveforms comprise substantially linear segments. 

15. The circuit of any one of claims 11 to 14 wherein each of said 

waveforms has two linear portions, with a breakpoint at a midpoint thereof. 

16. The circuit of any one of claims 11 to 15 further comprising a circuit for 

pulse-width modulating driving signal waveforms prior to application thereof to said 

drivers. 

17. The circuit of any one of claims 11 to 16 wherein n is 3. 

18. The circuit of any one of claims 11 to 17 wherein said segments each 

approximate: 

VMAG (sin(rot- cl>) -min {sin(rot- OX360/n)°, sin(rot- 1X360/n)0
, ••• sin(rot- {n -1) 

360/n)°}), 

where VMAG is a maximum amplitude each waveform, 

rot is a phase angle of the waveform, and 

cl> is an initial phase angle 
' 

19. A disk drive product of the type having a de brushless, Hall-less, three 

phase motor for rotating a data containing media, comprising: 

three driver circuits for providing driving signals to selected respective 

sets of windings in the motor; 

a source of three motor drive voltage waveforms to provide said drive 

signals, each waveform having period of 360° with a first segment with a value of 

zero for 120°, followed by a second segment with an "up slope" shape for 60°, 

followed by a third segment with two consecutive "cap" shapes for 120°, followed by 

a fourth segment having a "down slope" shape for 60°, each waveform of said set 

being displaced from one another by 120°. 
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20. The disk drive product of claim 19 wherein said driver circuits each 

comprise a pair of FETs connected together at a driving signal node and in series 

between a voltage supply and a reference potential. 

21. The disk drive product of claim 19 or 20 further comprising a multiplexer 

connected to receive said motor drive voltage waveforms and to selectively apply 

said motor drive voltage waveforms to said driver circuits. 

22. The disk drive product of claim 19, 20 or 21 further comprising a circuit 

for pulse-width modulating the motor drive voltage waveforms prior to application 

thereof to said driver circuits. 

23. The circuit of any one of claims 19 to 22 wherein said driving signal 

voltage waveforms comprise substantially linear segments. 

24. The circuit of any one of claims 19 to 23 wherein each of said 

waveforms has two linear portions, with a breakpoint at a midpoint thereof. 

25. The circuit of claim 24 wherein said segments each approximate: 

VMAG (sin( rot - ~) - min {sin (rot - OX360/n)° , sin(rot -1X360/n)0 
, ••• sin (rot - (n -

1) X360/n)°}), 

where VMAG is a maximum amplitude of each waveform, 

rot is a phase angle of the waveform, and 

4> is an initial phase angle. 

26. The disk drive product of any one of claims 19 to 26 wherein said data 

containing media is a magnetic media of a hard disk drive. 

27. A polyphase de motor operable in accordance with the method of any 

one of claims 1 to 10. 

28. A hard disk drive comprising a polyphase de motor operable in 

accordance with the method of any one of claims 1 to 10. 
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