1 Adaptive Synchronous Rectification of Brushless DC Mdtor Back-EMF Field
of Invention [0001] The present invention relates to a systemfor
rectifying the back-EMF voltages of a DC notor in a nagnetic disk drive
during power interruption to safely park and unload a read/ wite head. In
particular, the invention relates to a $ystemfor adaptive rectification
of a brushless DC notor back- EMF_vol t ages. Background [0002] FIG 1 shows
a typical magnetic disk dxdapsiveoSynehronons R@Ctlil?@tlml,ofhe disk drive 10

includes a disk stack of onBrushlesy BOMoririBack-EMF12 rot at abl e about a
spindle 14. The spindle 14 is driven by a spindle notor 16, for exanple, a
DC brushless notor. Data is witten onto a magnetic di sk by one or nore
associ ated read/wite head(s) 18Fieldoflhwentions read back using the sane

read/ wite d(s) 1 The read/wite head(s). 18_. s/arg.atlache a
suspensi on[dgrsﬁl 20. Tﬁge PISgU LV gtion telals tPoé}(' F%Ste&uf r rﬁf{lg'gfg &‘8&?&?‘%2. The
actuat or 2olitapepiof @t ROI o@D ML rBaghei® diskAdraRhurfagdsovies intbitugtiotOioCafel ¢ Of |
notor (VCM 26 di sposed on an armo&ggsi.te t he suspension arm 20. As can be
seen from Pk angd uniepd axep/ite beasht spartieulars theainyention relates to atystam for

read/ wite @5?2% }&ﬁﬁg&?‘g@f?ﬁ%&&%@w%ﬁ’a@%Eﬁ 9&1%%84 ated magnetic di sk

12 in a su% nti al manner € outer ®edge of the disk stack
is a load/unload ranp 30. At a free end of each suspension arm?20 is a tab
28 extendi ng beyond the read/wite head(s) 18. The tab 28 is operable to
engage with the | oad/ unl oad ranp 301ﬁ6k$ﬁ5mbarking of the actuator 22.
[0003] In normal use, power is supplied fromthe mains to the disk drive
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head(s) 18 are determ na romine servo I nformration stored’on
associ at eddriegn@tincludéssk disk staukf af ene ovirmdrg rAagnetio [dkvks slRuiotsiahie abper at i on,
a. disk drive_controller to nove_ _the actuator
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head(s) 18, and data is read back using the same read/write head(s) 18. The read/write
head(s) 18 is/are attached to a suspension arm 20. The suspension arm 20 forms part of
an actuator 22. The actuator 22 is pivotable about a pivot 24 and is driven by a voice
coil motor (VCM) 26 disposed on an arm opposite the suspension arm 20. As can be
seen from FIG. 1, the VCM 26 actuates the actuator 22 such that a read/write head 18
moves across a surface of an associated magnetic disk 12 in a substantially radial
manner. Near the outer edge of the disk stack is a load/unload ramp 30. At a free end of
each suspension arm 20 is a tab 28 extending beyond the read/write head(s) 18. The tab
28 is operable to engage with the load/unload ramp 30 during parking of the actuator

22.

[0003] In normal use, power is supplied from the mains to the disk drive 10, and the
position and velocity of both the actuator 22 and read/write head(s) 18 are determinable
from the servo information stored on the associated magnetic disk 12 surface. During a
proper shut down operation, power is still available for a disk drive controller to move
the actuator 22 back to its parking position. In the parked position, each tab 28 at the
end of the suspension arm 20 is made to ride up an inclined surface of the associated
load/unload ramp 30 such that the read/write head 18 is lifted up from the surface of the

associated magnetic disk 12; this operation is called “unloading” of the read/write




| oad/ unl oad ranp 30 such that the read/wite head 18 is |lifted up fromthe
surface of the associated magnetic disk 12; this operation is called
"unl oadi ng" of the read/wite 2 head(s) 18. Wen the disk drive 10 is
powered up after a shut-down operation, the act uator 22 is noved fromthe
par ked position and the read/wite head218 is "l oaded" onto the associated
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rel ati ve speed between a read/wite head 18 and the associated di sk
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I nterrupti associhfed nisphatic disk sperd. bet ween the read/wite head and t he di sk
surface may not be sufficient to create an air cushion to fly the

read/ wite head above the disk surface. Imediately after such a power

i nterrupti t SpPI 1 t ntum
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vol tages fdsoiafellidit sufBcd & Hidlenter aa&ﬁvéf'?ﬁt tw?xetﬁe%ﬂﬁm ctd Beddtes) 18
whil st the nmagnetic disk(s) 12 is/are still spinnfng. Attenpts have

been made ths rc&ddwrltﬁehqadmd therdisk mn&caﬁmy noobd:mufﬁgentrte caaatamt air cushnito s
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power transistors UA, UB, UC LA LB, LC a bridge rectifier 80 consisting

of six Schietrriptitg oigaeticdisk(a) 12oWhurang thindransinotperiod, the pindlei moter Abaets

d 70. , d th
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windings A, Band Cin cyclical manner. After a power interruption, the
noment um i Kolagss fern parking the actuator 22 and unload the read/write head(s) 18 whilst the

magnetic disk(s) 12 is/are still spinning.

[0005] Attempts have been made to tap the power from the BEMF to bring the actuator
to its parking position during this transient period. FIG. 2 illustrates a typical disk
driver system 50. As shown in FIG. 2, the system 50 includes a 3-phase DC spindle
motor 16, a commutation circuit 60 consisting of six power transistors UA, UB, UC,
LA, LB, LC; a bridge rectifier 80 consisting of six Schottky diodes; and a VCM 26.
Not shown in FIG. 2 is a motor driver 70. During normal operation, the motor driver 70
controls the commutation circuit 60 to regulate the spindle motor 16 in one direction by
turning ON the relevant power transistor UA, UB ... LB, LC connected to windings A,
B and C in a cyclical manner. After a power interruption, the momentum in the rotating
disks 12 causes the spindle motor 16 to generate sinusoidal BEMF voltages across each
winding A, B, C. The BEMF voltages are passively rectified to supply power to the
VCM 26 for parking the actuator 22. Capacitor 90 is used to store any excess power,
which may be required by the VCM 26 to complete parking of the actuator 22.




di sks 12 causes the spindle notor 16 to generate sinusoidal BEMF vol t ages
across each wnding A; B, C. The BEMF voltages are passively rectified to
supply power to the VCM 26 for parking the actuator 22. Capacitor 90 is
used to store any excess power, which rmay be required by the VCM 26 to
conpl ete parking of the actuator 22. 3 3[0006] Attenpts have been nade to
tap the power fromthe_ not BEMF. One approach given is a driver system

100 shown [990€], éﬁe@PtSA?a‘éﬁn imade) g tap thehpowsisfiom thomnqter BEME 9n8_ phase
not or 116, f a6, &f
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supply Vcc is di sconnécted by the isolation circuit 120 and the out put of
t he comut d24rThsi gosumutatpt girgjt éila‘bofmscstmﬁihrdemmtatm Ghe (ZBB dCRG. BatB such
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direction or another in accordance with the deS| red direction of

read/ wri t eiselagign qls;ult[lé’@om}d thesputpat g6 thel egmmmtatomeirgyat pH4 ds deqoded |andcan be
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of non-lim.ting enbodi rrents of t he sresent invention, with reference to
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magnetic d F r BEMF
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rectificatil®n system [0012] FIG 4 illustrates a m)tor BEMF rectification
system according to an

m

[0007] Despite development in the prior art, it can be seen that there exists a need for a
system to adaptively tap the motor BEMF to park the actuator 22 during a power

interruption.

Brief Description of the Drawings

[0008] This invention will be described by way of non-limiting embodiments of the

present invention, with reference to the accompanying drawings, in which:

[0009] FIG. 1 illustrates a typical magnetic disk drive system;

[0010] FIG. 2 illustrates a typical motor BEMF rectification system;

[0011] FIG. 3 illustrates another typical motor BEMF rectification system;

[0012] FIG. 4 illustrates a motor BEMF rectification system according to an

embodiment of the present invention;




enbodi ment of the present invention; 4 [0013] FIG 5 illustrates a state
machi ne for use with the systemshow in FIG 4; [0014] FIG 6 illustrates
t he BEMF vol t ages generated by the vari ous phases of the nptor w ndings of
the systemshown in FIG 5; [0015] FIG 7 illustrates conponents of the
rectified BEMF voltage of FIG 6; and P0016] FIG 8 illustrates a

schemati c h tate machine shown in FIG 5. Detailed De i ption

[ 0017] One?%r']a]nﬁ@‘ gﬂé‘f%ﬁaéﬁtﬂ”&? f PFvith s v stemshown niﬁﬁé'ﬁr?esent
invention will now be described with reference to the attached draw ngs.
It shall be apparent to one skilled in the art, however, that this

i nventi on R4b &Gy Adtlngteatesvthe IFUME swoltagespganiefdted byldhe varsous dwasesadf thhe
detail s may_ not bg. desi;@%bed at Iengﬁﬁ?é .as not to obscure the invention.
For ease of“9¥r¥Padines of s HuFm e WP EhEIC Mineral s or series of nunerals will
be used throughout the figures when referring to the sane or simlar
features common_ to the figures. [0018] In_one enbodi ment, the present

i nvention [R038) &8Q. Aillstatencarapongnigiod khegeptified BEMFrvplisgeet FiGabeandupt i on.
The system conprises: a plurality of power transistor arranged in a

H bridge with respect to each winding in the DC notor on an upper notor
control ci [ooué}t FIGNS dhnsehteph sehatnatiy odthepeuematkian oo FIal s.anged in a

H bridge wth respect to each winding in the DC notor on a | ower notor
control circuit; and a conparator operable to connect across each of the
plurality of power transistors; wherein, during power interruption, a
back- EMF voltage in a first notor wwnding is operable to increase and
cross a decreasi ng back- EVMF i n sdoaaidbdiDé¢soriptiomdi ng at a vol t age-crossing
on the upper notor control circuit, and the conparator associated with the
first notor winding is operable to turn ON when the conparator input is
above the 1d4AP Ohelof nor¥ ShdciCand d1REEMYe bHbBA n%fftﬂ@ Hs@rg%vsetnﬂgn will
associated with the conparator and allowng the vo ta8e above the

vol t age- cr vewibhegdaseripraswith meferepbe tohthetattachsidsdrawingadlt shall be bppagenteo tonee,

turning C]:ls:kihg in ﬁlrépa%{, Efltogvrev&% Tt Itﬁalg ?rgve\r,l\{i(t)rp n}a?'ebet Iprlacr:tgse(rim vstfl rou’ymsurg:ﬂl Sr}‘])gélﬁ?:

details. Some of the details may not be described at length so as not to obscure the

invention. For ease of reference, common reference numerals or series of numerals will
be used throughout the figures when referring to the same or similar features common

to the figures.

[0018] In one embodiment, the present invention provides a system for a disk drive
during power interruption. The system comprises: a plurality of power transistor
arranged in a H-bridge with respect to each winding in the DC motor on an upper
motor control circuit; an equal plurality of power transistors arranged in a H-bridge
with respect to each winding in the DC motor on a lower motor control circuit; and a
comparator operable to connect across each of the plurality of power transistors;
wherein, during power interruption, a back-EMF voltage in a first motor winding is
operable to increase and cross a decreasing back-EMF in second motor winding at a
voltage-crossing on the upper motor control circuit, and the comparator associated with
the first motor winding is operable to turn ON when the comparator input is above the
supply rail voltage, thereby turning ON the transistor associated with the comparator
and allowing the voltage above the voltage-crossing to pass through the transistor and,

at the same time, turning OFF the comparator associated with the third motor winding;




wherein the back-EMF voltage in a first notor wwnding is operable to
decrease and cross an increasing back-EM- voltage in a third notor w nding
at a voltage-crossing on the lower notor control circuit, and the

conpar at or associated with the second winding is operable to turn ON when
the conmparator input is below the ground rail voltage, thereby turning ON

the transi stor .assogi at wth the c arator. and allowing the voltage
bel ow t he Wgﬂe’f%@%ﬁﬁgﬁ% Y‘gtaﬁ?;\é’% atji?ﬁsng_f}tﬂﬁort W@%ﬁ%ﬁs‘?&eﬁ?r‘? @ng‘,’cr%ﬁsetaﬁ_ sanme
tinme, turgidgatirlcrdabifgbadlEMEL P61ta38 308§ At ERotth %ﬂriﬁ@a%ﬁge-@msﬁﬁ%%nd' ng;

and the disk drive systemis operable to repeat the turning ON and OFF of
t he conpar #tedpwer motorepairolecitcuitandrtbe comparatix assotiatet] ivethsthg wesond wihding

commut atin e nmotar., [0Q19] I n anot her.ephodi pent, the,. conparat or
associ at ed%wgéﬁggtfqﬁé%ﬁﬁeéﬁn%{%} 8’& ﬁl‘o@_ﬁﬁaf&o’i mpggbsn%‘ﬁ&ﬂgérq“?dsrﬁﬂm 48%i |
conpl i ant wirdlsy {uing CONathattBisides AséatiaRs Withhthe N mpaPU&! attP hBswiRg the O
circuit in each winding is ground-rail conpliant. [0020] In another

embodi ment Yoltags belaw thervoltagegrosting twopass ithreughthe dtansiskay and; et thefsame time, st at e
nmachi ne anﬂ“,ﬁi [ ' ls It n.on odiyent . of . the. state

machi ne, the n%t%ﬁ%&ﬁg}gﬁggegpgsg%ﬁgg&maﬁiﬁ Fétjcro §fl ?‘%W'E"ro‘?“%glunﬁcﬁfdt’i‘? %Wf(t ' V&ach
circuit cosystémsiingpeatide td rdpeats the purafify @NRE-OFF b€ khe doin 16eh agsyeReh] ment
the filter clanping circuit is operable to provide a 2s pulse for clanping
the tri ggeMmaghetaseordinerfo thassquencs of compmigatingof the DE mater. r espective D
flip-flop. [0021] In another enbodi nent of the disk drive system the DC
not or conprises 3- phase wi ndings. [0022] FIG 4 shows a notor BEMF power
syst em 200[08¢¢]jo irdamyh¢renzhodandmdtheenmpafatortadseciutelwith thenppet imotor cfrcuit
rectified BEMF.vol.tage.Vpw .is .produgced aj. a supply rail. As shown in FIG
4, the BEME SoleP el dsnuonyil comeliant Whily s COm b sisopiesdorah tho 1o
three uppefovidr asthSiRrS] Mﬁ»uittﬂﬁeaalﬁvﬁfaﬂlg@? h%&bﬁ@ﬁé}ﬁ.' stors LA, LB LC
for comutating three windings A B, of the DC notor 216; six
conparators CPl, CP2 ... CP6, each connected across an associ ated

t ransi st or B, ... L LC .The drajns aof the upper_.transistors UA, UB,
uc arla conwggqlehj’ %oﬂmgngjﬁsﬁﬁm’rtg? Flsgfdrivﬁéy?‘tggtciompg@gs E’B%i}lfw%ﬂl TSy Awr
whil e the sowrmahifandReilte WRimdin@fisduit N SnddmbddRnehtof McSstats ARRBMESH L O @

ground rail. In addition, FIG 4 also shows the supply and ground rails
state machine comprises a plurality of circuits, with each circuit comprising a D flip-

flop and a pre-driver. In another embodiment, the filter clamping circuit is operable to
provide a 2 us pulse for clamping the trigger of the each comparator to the output of the
respective D flip-flop.

[0021] In another embodiment of the disk drive system, the DC motor comprises 3-

phase windings.

[0022] FIG. 4 shows a motor BEMF power system 200 according to an embodiment of
the present invention. A rectified BEMF voltage Vpwr is produced at a supply rail. As
shown in FIG. 4, the BEMF power system 200 includes a 3-phase brushless DC motor
216; three upper transistors UA, UB, UC and three lower transistors LA, LB, LC for
commutating three windings A, B, C of the DC motor 216; six comparators CP1, CP2
... CP6, each connected across an associated transistor UA, UB, ... LB, LC. The drains
of the upper transistors UA, UB, UC are connected to the supply rail at the rectified
BEMF voltage Vpwr, while the sources of the lower transistors LA, LB, LC are

connected to a ground rail. In addition, FIG. 4 also shows the supply and ground rails




6 connected to a VCM 226 wth a capacitor 290 connected across the VCM
226. In one enbodinent, the transistor UA, UB ... LB, LCis a lateral
doped net al - oxi de sem conductor (LDMOS) transistor. As shown in FIG 4,
t he BEMF power system 200 is isolated fromthe mains supply Vdd by a
reversed di ode. [0023] The vol tage corrpér ators CP1, CP3, CP5 connected

across the j - UA,  UB. respect.i vel l.y-rail

conpliant f %%%%{efitté%né@%feﬁszw ao‘iap%détt?ﬁuggg 3@%&9@0@%?}1&8}5@ gﬁ@ rl}/l &N t he

suppl y vol empedimene el tagesteorpay alBr s.IM2LCCRé.a 14801 CRpeg Chnedl-agidess t he

| ower transistors LA LB, LC, respectively, are ground-rail conpliant,

i .e., the Sepen@rcta{ERPMOSEnsister. Asshown IRks. 4 ﬁErBED;]ﬂE mmﬁé@t?@&ge. )
0024] FI G . ' T e machi ne 240 defines the

[seque]nt [ aIGlS lgcggégg\@g?ﬂ}%ﬁﬁsngﬁ g‘ﬁ%%?"f&%ﬁ%’%‘el evant transistors UA UB

LB, LC to produce the rectified BEMF supply voltage Vpw. As shown in

FIG 5, the qut put of conparator CP1 is input to the gate of transistor
UA, the ouf994?! @Hﬁ Hﬁ?%%?rfﬁg}?a{%‘?rs &P, GP3, CRp gpnegted peragathe wpper ransistess or  UB,

and the ou t or, [1S_1d s . t si.sf or UC.
and (he ULPUNUBH e, RARRASN Ol BBty HEHES By WoUgh T UC.
BEMF suppl gompdrategean bé hightfpthan theasugplyt wiédtage. ckhetvodtafe gdmpdaralersofP2,ep4,

tificatj t ' it. Also as s i |G 5, the output AL of
e o BB SRS v et PR D et B 5
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of conparator CP6 is output to the gate of transistor
non-inverting inputs of the conparators CP2, CP4, CP6 are connected to the

d i t t he | ' f th Ctifi i on, control
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VB, Vc are _idealized_ for ease of illustration only. Referring to the

posi tive stgerestifiec SEMEsupRlytvdieee i Ypwiri4s siowmiie FIGh s dhes outiiut dge of/A i s
220. A pordiebesdy CRRGEinpE shEgkie AT parvi e DA e Nipuc oh emarasT GBf ¢ age
above the gURRlMo'tRd bat¥ A tABGsPYB, ahﬁ'?heCQﬁB@tréﬁ 8f c&gﬂyar.ht%r tC#Srigqnpqyt@nd the
the gate of transistor UC. The inverting inputs of the comparators CP1, CP3, CP5 are
connected to the BEMF supply voltage rail (Vpwr), and H denotes the high side of the
rectification control circuit. Also as shown in FIG. 5, the output A; of comparator CP2
is output to the gate of transistor LA, the output By, of comparator CP4 is output to the
gate of transistor LB, and the output Cy of comparator CP6 is output to the gate of
transistor LC. The non-inverting inputs of the comparators CP2, CP4, CP6 are
connected to the ground rail, and L denotes the low side of the rectification control

circuit.

[0025] FIG. 6 shows sinusoidal BEMF voltages V5, Vg, V¢ generated across each
winding A, B, C of the DC motor 216. These BEMF voltages V4, Vs, V¢ are idealized
for ease of illustration only. Referring to the positive side of the BEMF voltages in
FIG. 6, when phase A voltage V, is increasing whilst phase C voltage V¢ is decreasing,
they cross at point 220. At point 220, once the phase A voltage Vy is at a threshold
voltage above the supply rail voltage Vpwr, the comparator CP1 is turned ON and the
output Ay of CP1 changes from state 0 to state 1. The state machine 240, in turn, turns
ON the gate of transistor UA and turns OFF the transistor UB. By turning ON the gate




out put AH of CPI changes fromstate O to state 1. The state nachine 240, in
turn, turns ON the gate of transistor UA and turns OFF the transistor UB.

By turning ON the gate 7 of the transistor UA the phase A BEMF voltage VA
above the voltage at point 220 is allowed to flowto the supply rail as a
phase A conponent voltage. [0026] Wen VYA is decreasi ng and phase B vol t age

VB is incr ' t he ross, at |nt.. 224. At point 224, once . the phase B
vol t age VB%?@ea esilSFQﬁ?Uég’t F@h@%l“g%@wgbv&il@get ﬁé aggYFp yoltags at RAintL0 1§y |
the conpar allowed¥331dv6 td the BEshliPaiPdich HaSe AloRiponéiliveltadeP3 changes from
state O to state 1. In response, the state machine 240 turns ON the gate of

the transistor UB and turns OFF the transistor UC. By turning ON the gate

of the tr ; . L EME vol t age.VB abave (he voltage at
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vol tage. [QDL7At Boint D24,! ghce Whe Phaea 6/0BapeO Vi ag@t YahieShdld Gl Asbvéhht e VB

I s decreasin they cross at point 228 and the conparator 5 is turned ON
and the ouF‘thPFy wail tltaged pvieHihg semperaten G hisqumed ON and theloutpyt BreefhoPk e, tEe
state nmachi | urns F the
T ansi ot or CURE O PLIAE O ahiE ) 4R e, dFuh{ BRRE Zo i dON hE R aThe
vol tage V thsotransishe VB dnegmrat OPbi the t2@Sisios SOPBY i t@ehided ONehe %&t?pifwhé ail as

a phase C ¢o n olta 8], On the negative side of the BEMF
Vol t ages, TERLUtnUPrihenke B B3 plses Ludkasidee utlingast bHRHZoP alinued
rel evant tfﬂléw%ﬂfe%ué}agyréiﬁ@sd—ﬁlaéé B%othrf{ gl%tﬁ,lggg%r_ 0:\2 ashown in FIG 6, as

Vc is decreasing and I S I ncreasing t point 230. At
poi nt 230, once Vc is at a threshold voltage bel ow ground, the conparator

CP6 i t . t he out of  .CP6, changes frqoqmstate Q to state 1.
In r:a:pong@tasﬂhgl}lmza{r]g't &hgﬁé’ﬁ?%;&_ yategs Yals ’G‘ifeﬁﬁgg Q‘Q‘E]é%ﬁ‘st fréfigg.dhey C and
turns OFF dogs bt poifd 329 hnd fhe coffipdiatoh €PBaEk Qubd fdr@'&ﬁ&%ﬁégggép&g%: cls}gchS” ned

ON, the phase C voltage Vc bel ow the voltage at point to the
ground r ai thangegfrom SW%@Q to/mated . die vaspensenthe atate wechine 24{ctuemsONghe pitepf cr oss

G ound, ¢ hie essBE T angirhs SHE i Yamiiof il Hoteiei DN R e BT cofpdPne or
CP2 changeV( tggmpledse tCe BEMID vek#iceV labdnél thd Holt38 RO PO/t 228 is supplied to the

supply rail as a phase C component voltage.

[0028] On the negative side of the BEMF voltages, as seen in FIG.6, a similar
sequence of switching of the relevant transistors LA, LB, LC also takes place. As
shown in FIG. 6, as V¢ is decreasing and Vs is increasing and they cross at point 230.
At point 230, once Vc is at a threshold voltage below ground, the comparator CP6 is
turned ON and the output Cp of CP6 changes from state 0 to state 1. In response, the
state machine 240 turns ON the gate of transistor LC and turns OFF the transistor LA.
With the gate of transistor LC being turned ON, the phase C voltage V¢ below the
voltage at point 230 supplied to the ground rail.

[0029] When V, is decreasing and V( is increasing, they cross at point 234. At point
234, once V, is at a threshold voltage below ground, the comparator CP2 is turned ON
and the output Ay of comparator CP2 changes from state 0 to state 1 and, in response,
the state machine 240 turns ON the gate of transistor LA and turns OFF the transistor
LB. With the gate of transistor LA being turned ON, the phase A voltage V5 below the
voltage at point 234 is supplied to the ground rail.




the state machine 240 turns ON the gate of transistor LA and turns OFF the
transistor LB. Wth the gate of transistor LA being turned ON, the phase A
vol tage VA below the voltage at point 234 is supplied to the ground rail.
8 [0030] Simlarly, when VB is decreasing and VA is increasing, they cross
at point 238. Once VBis at a threshol & vol t age bel ow ground, the
conparator CP4 is turned ON and the output BL of CP4 changes fromstate O
to state 1 and, in response, the state nmachine turns ON the gate of

transi st or [doBO]a Sﬂnilaﬂyl] swHeh 'V Relctreasifg abdV \LCincWasingt ﬂl@?’ @2dse aPpoint 23S| St or

LB bei ng t hase B voltage VB bel ow the voltage at point 238
i's suppli e %a&ﬁ Mowa\rq ltage bG}SW] grpynd; dheorampagateeP4 &j@@ﬁéégN

turning ONgal B cal e
and pa23| ng t r@ﬁ?&pﬁ%ﬁ?&%&% ﬁ%sde%ﬁg lang 1& Esibp%eabhe%;gtﬁqﬁr o%ﬁgt he
full -wave heot ON the,gafd ﬁtrﬁasﬁ&nv\EBcandpmelﬂH? the @nﬁmtok%%’ﬂ{t/l@é:@&té loﬁat ion
of the BE voIt ent t he MF vol t age wr

cyclic seqH@Reor tbﬁg‘gttﬂ?’@gcﬁﬁ é@{@ga&eh\éli PY the é‘&lﬁﬁc qtrﬁ"’%é%tude
than the RENBpEIdASThdSrouRd tA0e. As can be seen fromFIG 6, the conponents
of the BEMF voltage pw are cyclically: Ac, cB, Ba, aC, Cb and bA where
A, B, C denote the hi gh si de voltage conponents and a, b, c denote the | ow

side volta ogponen 0032 e BE tem 200 ac gto
an enbodi mESETloPY tcﬂg1 564 ‘?5\98%1? N@Fmﬁ@@f’ Lt tfar‘hgb?fqr%ﬁ’o%gj

BEMF vol t age MBWML.O én %dﬁ\rﬁélsbfﬁetdihdt@ﬁmﬁg Qﬁ@ b&ﬁgcﬁéﬁ{st @ﬂﬁeg@{a‘ég‘?’(‘ B Wad @M:
vol tages across the relevant windings In mot or 6, i.e. the BEMF

vol t ages akbeMages Harouglydhe digll-wave etg@tlfmre Fl‘écﬂ i showel conposenspldfeal fulb-wakie

supply rai v n er wor or.,216 sl ows
doanq yt he klgh'ﬁ/éﬁvol Cfé%%@%%&"‘&*& XC%W &8@?@3%“3%%5@5%%?};{ BTt races
becone stritabetic sogiencé betHREMeeRMasy velisgtea AR g@&@%&ﬁ@@d& khaWaeH@
rectificatjon of the BEMF voltagbe Vpw as | ong as the BEMF voltages are

hi gher in REYH ciogeng yaHasgoks. cansbe segn fiem JdEhn 6, theccommements\ofithe 200
of the Pr es Sty 'Vla‘éx?r%&ég;%lxg%ﬁe 34 rgglgé%bamblwi@e A'ﬁf@hﬁéteﬁ%éw

does not y on‘timn eva’n Crossing voltages
vol t ages |s1de holtage tbmgonand arak £ bf vldenotatie lwetdefwoﬁdg@mnwnemswpl ied to the

[0032] In one BEMF power system 200 according to an embodiment of the present
invention, full-wave rectification of the BEMF voltage Vpwr is adaptive to the crossing
voltage between two BEMF voltages across the relevant windings in the DC motor
216, i.e. the BEMF voltages above the crossing voltage are rectified and supplied to the
supply rail irrespective of time. In other words, as the DC motor 216 slows down, the
BEMF voltages progressively decrease and the BEMF voltage traces become stretched
out, the BEMF power system 200 produces a full-wave rectification of the BEMF
voltage Vpwr as long as the BEMF voltages are higher in magnitude than Vpwr. As
can be seen, the BEMF power system 200 of the present invention does not require any
timing information, i.e. does not rely on timing of the relevant crossing voltages. The
BEMF voltages in this embodiment are full-wave rectified and are supplied to the
VCM for parking the read/write head(s) safely away from the associated disk

surface(s), besides powering the comparator circuit, state machine circuit, and so on.

[0033] In one embodiment, the state machine 240 uses logic gates and flip flops. FIG.

8 shows a schematic of the state machine 240 connected to the outputs of the




VCM for parking the read/ wite head(s) safely away fromthe associated disk
surface(s), besides powering the conparator circuit, state machine circuit,
and so on. [0033] In one enbodi nent, the state machi ne 240 uses logic
gates and flip flops. FIG 8 shows a schematic of the state machi ne 240
connected to the outputs of the 9 conpﬁrators CP1, CP2 ... CP6. As shown

in FIG 8, i S, made f,si.x circuit Anlnut of
each circui {njﬂ?s connec’t ﬂ(’;i Cﬁ\sgh?%gnngTﬁéh%mépWﬁO@n?de P, CP6.
Each ci r cuiof sixagreaitd. |Arpmi){110<§f R cirdhio $Lconubded td @acﬁ%ﬂﬁ@b?%et&nﬁaa%&sd“ ver
246a, 246b, 246c, where a, c refers to the phases. "The output of each

pre-driver Fdga: CPo.dgash ciapit hﬁ?%ﬂﬂbﬂ)@ 2% méiose ewputris vennehied gaa pre- dﬁivet he
| L
bresar 1 ver 25 20 24BUSinerd BT EAD hphas e pirgpCs b T 88 e ¢ ne

required oQ8@hyt 26ecoptoducesChigaaisl tOFRdriveneher ghtey @it the treRNGHS PP Al 1ovRBr - -
circuit 248a, 248b, 248c provides a nasklng

LB, LC | ddi t fil t
si gnal 268“%’&“% ﬂf'éo@é ﬁBo:‘ ' bpa{-r(étWF@mc%ﬂ‘fhd%? -8Eivero2468¢ R46ky t296¢ pﬁaé%w
wi ndi ngs  Gircif fn@t% Wit KirB@u@f the SERA H'Q% utsnﬁ)eﬁgxg & 3‘01F{[ age s

the out put of flip-flop 42 associ a ve
"cl anped" trenmt@SlUﬁgdﬂBof LBeL€i In addltlcm racﬁltdr citéiia248x, 248b)Qus¢ probidegger t he
the output of the flip-flop

t th E . Simlarly,
242" associ BPRRGEHAA T dimpaiy el Serors apecred tocnahpbipr Aiese YR put of

the filter AGiH, @fdr MdfRheSErf 3fectRhl h&isds! | r tive
BEMF side. In this Wayg t he fcl | ter (S:élsr CA%%%%QQF%QSEWQEE)@E}%}]?H sﬁ§ at the

st at e mach?heapacgated ydth ih@tpom‘tls'e BEME eroltagenis ofidarapdity do rtheinpaf of the fiiteesent

i nvention, Kin n 2 Cro-sec ul.se 34] In one
enbodi ment C&&?tt%@% é’ﬁ ﬁ% ﬁ{g@ﬁf ﬁ’Sﬁ“"Pﬁ%mbmﬁé}eg%%% gﬁﬂgpﬁde tsﬁ@!‘@ﬁ ‘%
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chi pset, Knpi jof ghefilfes circwih d484 socan not i triggenthy cbeummﬂseqoame 8BMF
parti'al |y gasopthadugy daihls QA ha8h 3080 bl B RS Rlale FraflpRe padle o
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[0034] In one embodiment of the present invention, the power system 200, the state
machine 240 and associated controls are implemented on a single chip or chip-set
disposed on a circuit board on each disk drive. The chip or chipset, disk drive motor

and circuit board may be sold separately, partially assembled or fully assembled.

[0035] While specific embodiments have been described and illustrated, it is
understood that many changes, modifications, variations and combinations thereof
could be made to the present invention without departing from the scope of the
invention. For example, while a 3-phase DC brushless motor is used in the description,

the principle is applicable to a motor with four or more phases.




I nvention. For exanple, while a 3-phase DC brushless nmotor is used in the
description, the principle is applicable to a notor with four or nore
phases. 10 CLAIMS: 1. A disk drive systemincluding one or nore magnetic
di sks arranged in a stack and rotatable on a spindle, a read/ head novabl e
relative to a surface of an associ ated lQ’r‘aalgnetic di sk, a DC notor for
rotating t k@dl e and a voice-coil notor for actuating the read/wite
head, sai dm% conprising: a plurality of power transistors arranged in
a Hbridge wwth respect to each wnding in the DC notor on an upper notor
control circuit; an equal plurality of power transistors arranged in a

H bridge wilt h r dsdisk drive sysieqa incliding 9ge jion mdve nREnetist disksonrangedwea stack or

o ur al 1ty B¢ boraB® o, SRRE £ 0laRBT uRBie 1R R iy o b
such that, neignétivgdigioweDC infdt6r fod Pothtirl the spindikandMvoi&-écil0Motod f@ detiagihg ot or
wi nding is increasing and, crosses a decreasing back- EMF in second notor

wi ndi ng at the reel/waitricad oseid systeghcamprisigier ot or control circuit, and the
conpar at or assogi ] | & i ndi ' t he
conpar at or i nputg r?’H'sl‘?’gB;cl)v\b/feB ?ﬁ%egé%%ﬁ/rs %@%ﬁ?ggﬁg%r{d%%ﬁggﬂﬁ%ﬁggi t%% t he
t ransi st or wimdisgi the &C miotdn ohlaa uppemmactat oontevhdiradit;owi ng t he vol t age above

t he vol t age-crossi ng .t ass.through the transistor_and, at. the same tine,
turning OFF the®} Fﬁ?@ié?réﬁtya%%%weét sisiFs ArrEgsdin 4 B-Bristes Vigh FRIPSRG-L0 |
wherein tneadl wikdiilelil the IV nRiior oh PRAFR M Roriiiliof iRt fify Pack-EMFE vol tage in
a first notor wwnding is decreasing and cross an 1 ncreasi ng back- EMF

vol tage in a tharebmpasator operabllendo aonnect cddresyeeachosfithe phuralitye of qwsver not or
control ci '.tt and the conparator associated with the second winding is
turned ON Wh S?rﬁe conparator input is below the ground rail voltage,
thereby turni ngwableihhe disknRivesPiterd 38 O5raB16 Suchl thit, Al SRR Hitdk-Aptichnd

al l ow ng the voltage bel ow the vol t_ag_e-(;rpsm ng to pass through the

transi st or bagkdEM&t valtage egniirst metor winding dgjincrasing end erasssh gtdoereasispbackt ed

Wi th the SEERANG second motor winding at a voltage-crossing on the upper motor control circuit,

and the comparator associated with the first motor winding is turned ON when the
comparator input is above the supply rail voltage, thereby turning ON the transistor
associated with the comparator and allowing the voltage above the voltage-crossing to
pass through the transistor and, at the same time, turning OFF the transistor associated
with the third motor winding;

wherein the disk drive system is operable such that the back-EMF voltage in a
first motor winding is decreasing and cross an increasing back-EMF voltage in a third
motor winding at a voltage-crossing on the lower motor control circuit, and the
comparator associated with the second winding is turned ON when the comparator
input is below the ground rail voltage, thereby turning ON the transistor associated with
the comparator and allowing the voltage below the voltage-crossing to pass through the
transistor and, at the same time, turning OFF the transistor associated with the second
motor winding; and

the disk drive system is operable to repeat the turning ON and OFF of the
transistors in a cyclical manner in accordance with a sequence of commutating of the

DC motor.




notor wi nding; and the disk drive systemis operable to repeat the turning
ON and OFF of the transistors in a cyclical manner in accordance with a
sequence of conmutating of the DC notor. 11 2. A disk drive system
according to claiml, wherein the conparator associated wth the upper
motor control circuit in each notor winblng is supply-rail conmpliant while

the conparator as i it h the.lower, notor .control circuit in the sane
wi ndi ng i sagr ou%ﬂﬁggi‘_ﬁ&p%ﬁ%ﬁl}na?ﬁcw@g \X’eﬁ]iagﬁ l_drvﬁ_'l\(féel%%et %‘?W%?E@B’E IR0 clai m
1 or 2, fumithetheQmppr iitdrdcontrbll bircWiBWE eadhefbidk ivihding -is Aushlaifl coplis St em
according tg.claim3, wherein the disk drive systemis further operable
such t hat SHiRE KeomRTafYy) pstgeigted awih rthe tlaveru gietarheontrolusircuit dnsthetsems  ar e

full -wave rvﬁﬁdiﬁ%i oﬁ&-ifa(ﬂr%i‘ﬁnpm put back- EMF voltage, Vpw. 5. A disk
em actor

drive syst I'ng to any oné of the preceding clainms, wherein the

di sk drive systemis further operable such that the switching ON and OFF of
the relevgnt transjstors is carried out by a state machine. 6. A disk
drive systém acéo&’&i( A5 Ve §Yemiassaydingerclaim | we 2s fusther peramiisieg edwlbiaves  t wo
circuits agg@ggepted with each nmotor winding, one circuit is associated with
the wupper notor control circuit while the second is associated with the

| omwer notor control <circuit. 7. A disk drive systemaccording to claim6,

wherein eagh of ,the state machine .circuit conprises a D flip-flop whose
output is donneft g’ﬁkt Vg SYFEMypreprding do clai 'gakw sreipethe diske drixe spvtemng t o

claim 7, whetiRl Bpdrale ShicH @at e BACEME ‘M]%ges P50 itlﬁ%%}fj‘thfe :pt){N@f tr&dsfs?(ﬂ‘k teac h

operable to clanp the triggering of the conparators associated Wt

not or wi ndpigfullovaveseqtidisd de farmethe ouiput back-EME woltagd, Mplirop. 9. A di sk dri ve
system according to claim8, wherein the filter circuit is operable to
provide a clanmp voltage of a substantially 2 s pulse. 10. A disk drive

system accér di ng disk afiye Syeen? bedod@inB i8R bAQ oL 1R IpiEeed B IAMS, Wh&ein the
disk drive system is further operable such that the switching ON and OFF of the

relevant transistors is carried out by a state machine.

6. A disk drive system according to claim 5, wherein the state machine comprises
two circuits associated with each motor winding, one circuit is associated with the
upper motor control circuit while the second is associated with the lower motor control

circuit.

7. A disk drive system according to claim 6, wherein each of the state machine

circuit comprises a D flip-flop whose output is connected to a pre-driver.

8. A disk drive system according to claim 7, wherein the state machine further
comprises a filter circuit operable to clamp the triggering of the comparators associated

with each motor winding to the respective output of the D flip-flop.

9. A disk drive system according to claim 8, wherein the filter circuit is operable

to provide a clamp voltage of a substantially 2 us pulse.

10. A disk drive system according to any one of the preceding claims, wherein the

DC brushless motor comprises 3-phase windings.




DC brushl ess notor conprises 3-phase windings. 12 11. A disk drive system
according to claim 10, wherein the conponent voltage phases are segnents
of the winding voltages in a cyclic nmanner: Ac, cB, Ba, aC and Cb, where
A, B and C are positive sinusoidal back:-EM- voltages while a, b and c are
negative sinusoi dal back- EMF vol t ages. ¥ A back el ectronotive force
(BEMF) power systemfor a nenory disk drive, said drive conprises a DC
notor having a plurality of windings, with the DC notor being operable to

rotate a magnet iAc disk sdejveasydtem wadoeding abl claimt 00, ¢WEMn tHeaddinfrshiedltage
conprising:.a El uralit}; of . power . transistors operable to be arrange in a
H bri dge wPh#eS pEsisgments pf %I‘i"lwlﬁﬂi"ﬁg}agq{i in pecylic manper: dkr, &8, Bapat andt or
control ci ggui u [ 1SRG I :S1.00 11

connect abl eUB f gmgﬁs‘%hwﬁ%gggp%%& {V,@Sa{hrlllg&gn eqha BII‘)&{\%P i%{'}gfeoi{’ bp%\?\lecrare

t ransi st or segapive aipusoidal boek-EMREavajeges.n a H bridge with respect to each
winding in the DC notor on a | ower notor control circuit such that the
source of each power transistor is connectable to a ground rail; a supply

rail compliant AOBRAI GéonttReAbte (BEMIPNBGGL: QRIS Tor°R hllntlry ik affelr Al [ 1Y

of power transistors associated with the upper ‘notor control”circ and a
ground r ai Paid griye icamprisesns BXCamotordpwingba elurality afrveiadings risls tleaDE mbtok he

plurality gf. transistors assocjated with the | ower tor control
circuit; aﬁ%n%%gt@%{’lg t%grg s THs8Y écbgléi(’t ﬁldg-gl,gplicggmlgnqtgrr %]%a?%d 8Y¥em he
rel evant peowprisihg:ansi stors in response to cyclic triggering of each
conparator. 13. A BEMF power system according to claim12, further
conprising a fuflPlyally of pewer frapsistars opsrabiavio hewmrangyd tierm Helridedi wigh t o

| ai 11 P:0 e hi i [ .Ci it
Rscoc! at ectspech L SUibb S e TC ulBRG e W ool Shukfikpl et ot e
upper not odraooof eath poweauirinsidiirl 8 donBecslOnE ai BERES Q?pil’st @4l1, nldhar B&ual over

notor control cirguit. 15. A BEMF ;l)ovver system according to claim 14,
wher ei n eabijrality phpovsr fragsistors operable to be arranged in a H-bridge with respect to each

winding in the DC motor on a lower motor control circuit such that the source of each
power transistor is connectable to a ground rail;

a supply rail compliant comparator operable to connect across each of the
plurality of power transistors associated with the upper motor control circuit, and a
ground rail compliant comparator operable to connect across each of the plurality of
power transistors associated with the lower motor control circuit; and

a state machine operable to cyclically turn on and off the relevant power

transistors in response to cyclic triggering of each comparator.

13. A BEMF power system according to claim 12, further comprising a full-wave

rectifier.

14. A BEMF power system according to claim 11 or 12, wherein the state machine
comprises two circuits associated with each motor winding, one circuit is associated

with the upper motor control circuit while the second is associated with the lower

motor control circuit.

15. A BEMF power system according to claim 14, wherein each of the state

machine circuit comprises a D flip-flop whose output is connected to a pre-driver.




machine circuit conprises a D flip-flop whose output is connected to a
pre-driver. 13 16. A BEMF power system according to claim15, wherein the
state machine further conprises a filter circuit operable to clanp the
triggering of the conparators associated with each notor winding to the
respective output of the D flip-flop. 12 A BEMF power system according to
claim 16, wherein the filter circuit is operable to provide a clanp
voltage of a substantially 2 s pulse. 18. A chip forned to inplenent a back

el ectronot ilée f or BEMBEdwer p9eem ay®idify taCasihfl 159 whered Yhe Batdd tnachiak M5
12-17. 19. A kit of parts for a nenory disk drive back el ectronotive force
f

( BEMF) poméﬁmheéfg’én@ﬁfessaa?lgekﬁc‘ébﬂm@@ ¢y clampthgrteiggeringod! {heweemparatorsi st or s
operabl e t afdVARPSRR | i i . t .upper not or
control ci rgscsgi&ta%gs@om a%lggm\?rvi t na@&?ﬁ%”ﬁ%ﬁ&@?‘“ﬁ&ﬂéj‘ﬁ%ﬁ@ﬁp% th that the

drain of each power transistor is connectable to a BEMF supply rail, and

an equal plyrali,t f_power transistofs operable to be arranged. in a
H bri dge wil?| ﬁe?&i\@f DOYeL, Sy HGRr aGeRTdNE &l 16 whaspin the dolEar sireyitvist h

each Wi ndi BBerhBle it BroWfde Ml Rhp volgd &ff&%h}){/té}?g??@g%ﬁpp e, €ach power transistor

is connectable to a ground rail; a supp I'ant conpar at or
operable to be connected across each of the plurality of power transistors

associ ated,yi th ,the er. Mptoy control circuit, and a round rail

conpl i ant égfmaﬁa{}w ¥‘§B@pé‘blnép pepka E%@Eﬁ%‘&ﬁ’?é@@e BENEopse systam al i t y
of power tpaisdif & syt QFeRiRg1Myh the lower notor control circuit; and a
state machi ne operable to cyclically turn on and off the rel evant power

transistors in response to cyclic triggering of each conparator.
19. AKit of parts for a memory disk drive back electromotive force (BEMF) power
system, said kit comprising:

a plurality of power transistors operable to be arranged in a H-bridge with
respect to an upper motor control circuit associated with each winding of a DC motor
such that the drain of each power transistor is connectable to a BEMF supply rail, and
an equal plurality of power transistors operable to be arranged in a H-bridge with
respect to a lower motor control circuit associated with each winding in the DC motor
such that the source of each power transistor is connectable to a ground rail;

a supply rail compliant comparator operable to be connected across each of the
plurality of power transistors associated with the upper motor control circuit, and a
ground rail compliant comparator operable to be connected across each of the plurality
of power transistors associated with the lower motor control circuit; and

a state machine operable to cyclically turn on and off the relevant power

transistors in response to cyclic triggering of each comparator.




