1 METHOD AND Cl RCUI T FOR DRI VI NG A Hé%@l‘gﬁ'é
‘DRI VE SPI NDLE MOTOR  TECHNI CAL FlI ELD OF THE | NVENTI ON Thi s

rel ates generally to the field of disk drive circuits and nore particularl’y
to a nethod and circuit for driving a hard di sk drive spindle notor.
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METHOD AND CIRCUIT FOR DRIVING
A HARD DISK DRIVE SPINDLE MOTOR

TECHNICAIL FIELD OF THE INVENTION

This invention relates generally to the field of disk
drive circuits and more part:.cularly to a method and
circuit for driving a hard disk drive spindle motor.



2 BACKGROUND OF THE | NVENTI ON A hard disk drive
:generally includes a stack of rotating disks or platters, a spindle
not or whi ch causes the disks to rotate, read/wite heads which fly
above the 5 surface of the disks, an actuator notor (known as a "voice
coil motor”™ or VCM which controls the positioning of the read/ wite
heads, power circuitry to provide electrical power to the spindle and
voi ce coil notors, and control circuitry to control the operation of
t he spindle and voice 10 coil notors A read/wite head reads
data froma di sk by sensing fl ux d%anges on the magnetic surface of
the disk as it passes beneath the read/wite head. To synchroni ze

t he data being read fromthe disk with the operation of the 15
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delivered by the p°“§Fr%BE9HL£EX head reé%éxﬁéUJ“¥ﬁém a disk by sensing
flux changes on the magnetic surface of the disk as it
passes beneath the read/write head. To synchronize the
data being read from the disk with the operation of the
is data processing circuitry, it is necessary to carefully
control the speed of rotation of the disks. This is
accomplished by controlling the current delivered to the
spindle motor.

Current control is generally effected in one of two

20 ways. The first is pulse width modulation, in which the
driving current is modulated by a square wave. Current is
delivered to the spindle motor only when the square wave is
high. The duty cycle of the pulse width modulation signal
therefore determines the average current delivered to the

25 spindle motor. .

The other mode of current control is known as linear
current control. In this mode, an analog voltage input
signal is provided which is proportional to the current to
be delivered to the spindle motor. The spindle motor

30 control circuitry processes this input signal and adjusts
the level of current delivered by the power Ccircuitry
accordingly.

In the past, these two modes of current control were
only available on separate integrated circuit chips. Thus,



In the past, these two nodes of current control were only avail abl e
:on separate integrated circuit chips. Thus, '

3 if a hard disk drive manufacturer wi shed to produce one

type of hard disk drive with pulse wi dth nodul ati on, and anot her
type of hard disk drive with [|inear current control, the

manuf acturer had to design and manufacture a 5 separate integrated
circuit chip for each type of hard disk drive. Since integrated
circuit chips are expensive to desiyn and manufacture, it would be
advant ageous to have both I'inear current control and pulse width
nodul ati on avail able for selection on the sanme chip, so that a single
10~ generic chifpa GHdd 1%k H8Ye hﬁnu?h&@@ferawf%ﬂéHEtd“ﬁgéhuce one

nodul ati on systeqlor a_linear current control syst
of hard disk drive with pulse w1dth modulation, and

another type of hard disk drive with 1linear current
control, the manufacturer had to design and manufacture a
] separate integrated circuit chip for each type of hard disk
drive. Since integrated circuit chips are expensive to
design and manufacture, it would be advantageous to have
both linear current control and pulse width modulation
available for selection on the same chip, so that a single
10 generic chip could be used in either a pulse width
modulation system or a linear current control system.



4 SUMVARY OF THE | NVENTI ON A systemfor driving a hard
+di sk drive spindle notor conprises (1) a spindle notor contro
circuit for generating a plurality of spindle notor control signals,
5 the spindle notor control circuit having (a) a nultiplexor for
receiving a node selection signal, a pulse wdth nodul ati on signal
and a current control signal, and for sel ecting either the pul se

wi dt h nodul ati on signal or the current control signal as an output
signal in response to 10 t he node sel gction signal; and (b) a spindle
predriver for receiving the nmultiplexor output signal, and for
generati ng the spindle notor control signals; and (2) a spindle notor
power circuit, f ey pEgt fay e notor control signal s and
for supplying a tor 15 power signals to the
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advant age of theEpreéﬁnFl?nv%ﬁﬁﬁ(ﬁ?ﬁt§° hﬁ?gng&s’ atid (2) a spindfe motor
power circuit, for receiving the spindle motor control

signals and for supplying a plurality of spindle motor

15 power signals to the spindle motor.
A method for driving a hard disk drive spindle motor
_comprises the steps of (1) generating a mode selection
signal; (2) generating a pulse width modulation signal; (3)
generating a current control signal; (4) receiving at a
20 multiplexor the mode selection signal, the pulse-widﬁh
modulation signal and the current control signal, and
selecting either the pulse width modulation signal or the
current control signal as an output signal in response to
the mode selection signal; (5) receiving at a spindle
25 predriver the output signal of the multiplexor, and
‘generating a plurality of spindle motor control signals;
(6) receiving at a spindle motor power circuit the spindle
motor control signals, and generating a plurality of
spindle motor power signals; and (7) receiving at a spindle
30 motor the spindle motor power signals, and providing torque

to a hard disk spindle.

A technical advantage of the present invention is that
a method and system for driving a hard disk drive spindle
motor are provided. Another technical advantage is that



a nethod and systemfor driving a hard disk drive spindle notor are
:provi ded. Another technical advantage is that

5 ei ther pulse width nodulation or linear current control can be sel ected
for controlling the rotation speed of the spindle notor.

6 BRI EF DESCRI PTI ON OF THE DRAW NGS

either pulse width modulation or linear current control can

be selected for controlling the rotation speed of the
spindle motor.



For a nore conpl ete understandi ng of the present i nvention, the

. obj ects and advantages thereof, reference is now made to the
foll ow ng descriptions taken in connection 5 wi th the acconpanyi ng

drawi ngs in which: : FIGURE 1 is an overall block diagramof a
hard di sk drive system FIGURE 2 is a bl ock diagram of the
power and control circuitry for hard disk drive actuator and spindle
notors 10 in accordance with the invention. . FIGURE 3 is a
schemati c diagramof the actuator and 6 spindl e power circuitry in
accordance with the invention. '

7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred
enbodi ment of t i hen i ts advant ages are best
under st ood by rB IEF. R1 ggliﬁl—dnwsough 3 of the draw ngs, '|ike
nureral s bei ng used F@¥ 3 moxe ksomnietedr VESesREARGLAr 0§ dJihe hBreE#Bous
draw ngs. invent f3f,ethie Ngbidrtsl GhifEadvarage¥etidtedt, oGk rdrageamof a
di sk drive in accorda chy%¥h_% g i nventjon _i.s shommt Har d d%sk drive
1 includes a pl P43 S SOLIOHR (ARFFAPLIONS takeh APaFPEREH e 22.
The spindl® 22 withothe ezcdompanydng deawinigs imptduichmot shown).

FIGURE 1 is an overall block diagram of a hard disk
drive system. '

FIGURE 2 is a block diagram of the power and control
circuitry for hard disk drive actuator and spindle motors
10 in accordance with the invention.
FIGURE 3 is a schematic diagram of the actuator and
spindle power circuitry in accordance with the invention.



Each di sk 21 has magnetic recording surfaces on both sides of the

. disk. Read heads 12 are nounted on actuator arnms 11, which are noved
i n uni son by an actuator notor (not shown). The read heads 12
detect magnetic flux 15 changes on the surfaces of the disks 21. Each
fl ux change produces a signal which is read by a pre-anplifier 30.
The . preanplifier 30 transmts the signal to read channel 40, :
whi ch decodes and ot herw se processes the signal. An exanpl e of a
function perfornmed by read channel 40 is 720 partial response, nmaxi num

| i kel i hood detection using a Viterbi detector. The read
channel 40 sends the decoded data to bIock 50, which includes a
phase-| ocked | oog LED cR???f@n TH ﬁquﬁop 51 conmuni cates with
t he read channel - s read fromthe disk

wi th proper syfhehpsefenred remmidimensoof| the inraseass inverpin &g on-

specific integraies aa«aﬁuat;eéﬁa%&)be‘%% u%b%BtBb&CW&%‘ietr&Qng to Fxc;iﬁmsded

data and conmuni cates Ww.t channel
e o A ot E3tERodln s e RER.NTR0S) (Dke numerarf) ARG iReH O ©
processi ng %l ockl¥Be and corresponikeg partmalf ibesvaditoushardwinded data in

anal og form t R GG Aidlg 3'09 F‘Rﬁofeséﬁ n&vé&lélfikbigckmiégﬂn?% a
i ncl udes g? anal og-t o- Ita converter 71, |g S|gnal
processi ng ci r cuPtfy dEivesin %F%ﬂr@af‘ﬁﬁ hthy e dnrepiian df hown. il
8 disk drive 1 includes a plurality of disks 21 mounted on a
rotatable spindle 22. The spindle 22 is rotated by a
10 spindle motor (not shown).

- Each disk 21 has magnetic recording surfaces on both
sides of the disk.. Read heads 12 are mounted on actuator
arms 11, which are moved in unison by an actuator motor
(not shown). The read heads 12 detect magnetic flux

15 changes on the surfaces of the disks 21. Each flux change
produces a signal which is read by a pre-amplifier 30. The
preamplifier 30 transmits the signal to read channel 40,
which decodes and otherwise processes the signal. An
example of a function performed by read channel 40 is

20 partial response, maximum likelihood detection using a
Viterbi detector.

The read channel 40 sends the decoded data to block
50, which includes a phase-locked loop 51. The phase-
locked loop 51 communicates with the read channel 40 to

25 ensure that the data is read from the disk with proper
synchronization. Block 50 alsco includes an application-
specific integrated éircuit {ASIC) 52, which processes the
decoded data and communicates with the read channel 40,
dynamic RAM unit 61, static RAM unit 62, flash memory unit

30 63, and digital signal processing block 70.

Read channel 40 sends the decoded data in analog form
to digital signal processing block 70. This block includes
an analog-to~digital converter 71, digital signal
processing circuitry 73, and a digital-to-analog converter



72. Digital signal processing block 70 sends signals to nmot or

. control Dblocks 110, 120 on control chip 100 I ndi cating what actions
t he spindl e and actuator notors shoul d take next. Support function
bl ock 130 on control 5 chip 100 perfornms support functions described
bel ow. Referring to FIGURE 2, a functional block diagram of
the disk drive notor power and control circuitry is shown. Contr ol
chip 100 is a bi-CMOS chip which includes actuator control block 110,
spindl e control block 120, and support 30 function bl ock 130.
Power chip 200 is a DMOS chip which includes actuator power bl ock 220
and spi ndl e power block 210, each power bl ock having a plurality of

power FETs (shown in_FIl GURE 3). Act yat or . power bl ock 220 sypplies a
sel ected currenf?to Phet4a! sg%%é’“&&?ﬁlﬂﬁtﬁ&ﬁoﬁq s él%!i%dlt@ power
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vol'tage from reherencs. $QuLECToek 2389shli61 Y’ LeLENESed current to the
15 voice coil motor 300, while spindle power block 210

supplies a desired current to spindle motor 400.

) Actuator control block 110 includes low pass filter
111, error amplifier 112, actuator motor predrive amplifier
113, and sense amplifier 114. A current control device 10,

20 which may be, for example, a part o_f digital signal
processing block 70, supplies an input voltage
representative of the desired actuator current. This

voltage is filtered by 1low pass ‘filter 111. Sense

amplifier 114 produces an output signal proportional to the

25 actual current passing through actuator 300 by sensing and
amplifying the voltage drop across sense resistor 310.

Error amplifier 112 receives the output of sense

amplifier 114 (Vgysg), the output of low pass filter 111

(Vineur) » and a reference voltage from reference source 115

30 (Vrer) » which may be generated on control chip 100. Error

amplifier 112 takes the difference between the output of

sense amplifier 114 and the output of low pass filter 111.

This difference voltage is then compared to the reference

voltage from reference source 115, and the difference



9 between the two voltages is anplified to produce a target
:voltage (V[err]). The target voltage is proportional to the _

di fference between the desired and actual actuator currents,
with a voltage offset, as follows: 5 (1) Verr] =C* (V[err] -
Vlerr]- V[err]) The target voltage is the desired voltage across
act uat or not or nodes 301 and 302. This desired driving voltage is 10
attained in a manner to be descri bed bel ow Referring to
FIGURE 3, actuator power block 220 9 i ncl udes FETs 221-224. The
gates of FETs 221-224 receive four bits of output from actuator notor
control block 110, and nore specifically from actuator notor

predrive 15 Aatveleneithd 1 8wo J@&ﬁé@ i %p&g-ﬁegzéo g&‘i:d%%% I&a\ﬁﬁrgé@' ns

connected to a h| voIt ge whi | e low sid 4 have

sources connect et “’Thghgoﬁ?ﬁﬁ%t Y°1tage 1ﬁ|§ﬁ°%9¥ﬁ§9ﬂ?ist22 hénd
223 are connect etiﬁﬁ;r&heedrbenwea& the desirsedle &idls attDadnd a22dator

respectively. anti@nt8? alen a ARIHALAT JHRLOEL, NAIGS, 3Ahsand 302,

respectively. erring ornce agaln to 2 actuat or notor
predrive aﬁpllfler 113 sends anal og out put signals to the gates of

power FETs 221-224 (SROWNViReFECIRE 8 et GRLACE Vegr)

The target voltage is the desired voltage across actuator
motor nodes 301 and 302. This desired driving voltage is
10 attained in a manner to be described below.

Referring to FIGURE 3, actuator powér .block 220
includes FETs 221-224. The gates of FETs 221-224 receive
four bits of output from actuator motor control block 110,
and more specifically from actuator motor predrive
15 amplifier 113. The high side FETs 221 and 223 have drains
connected to a high voltage, while the low side FETs 222
and 224 have sources connected to ground. The sources of
high side FETs 221 and 223 are connected to the drains of
low side FETs 222 and 224, respecti&ely, and to the

20 actuator motor nodes 301 and 302, respectivély.
Referring once again to FIGURE 2, actuator motor
predrive amplifier 113 sends analog output signals to the
'gates of power FETs 221-224 (shown in FIGURE 3), which act
as voltage-controlled resistors. During normal operation,
25 actuator motor predrive amplifler 113 turns off one hlgh
side FET 221 or 223 and one low side FET 222 or 224. The
two FETs turned off are not connected to the same node 301
or 302. Thus, one high side FET will act as a controlled
resistance between actuator motor 300 and the voltage
30 source, while one low side FET will act as a controlled
resistance between actuator motor 300 and ground. Actuator
motor predrive amplifier 113 can therefore control both the

direction and magnitude of current flowing through actuator
motor 300,



as voltage-controlled resistors. During normal operation, 25 act uat or
snotor predrive anplifier 113 turns off one high side FET 221 or 223
and one | ow side FET 222 or 224. The two FETs turned off are not
connected to the sane node 301 or 302. Thus, one high side FET w ||
act as a controlled resi stance between actuator notor 300 and the
vol tage 30 source, while one low side FET will act as a controlled
resi stance between actuator notor 300 and ground. Actuator not or
predrive anplifier 113 can therefore copgrol both the direction and
magni tude of current flow ng through actuator not or 300.

10 Actuator not or predrive anplifier 113 adjusts the

resi stances of FETS‘g 24 so _that thg yol ta nodes 301 and

302 equal s the target o Uye™BEPTuPALEE TS i %éﬁﬁatlllan FapPskso.Ehe
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fromdigital signal §R¥ﬂﬁé§spﬁ§tEP¥x94°¢G AZQF#RQJHdeS control logic block
121, voltage controlled oscillator 122, multiplexors 123
and 127, commutation state machine 124, spindle predriver
10 125, back-EMF sense~and-compare block 126, and
transconductance amplifier 128. Control logic block 121
receives from digital signal processiﬁg block 70 a three-
 bit control input which selects the desired running mode of
the spindle motor. Possible selected modes include
15 startup, run, coast, and brake.
In the startup mode, control logic block 121 sends a
signal to multiplexor 123 so that commutation state machine
124 is advanced by an external signal‘from digital signal
processing block 70 on input .line 123a. In the run mode, .
20. control logic Dblock selects multiplexor 123 so that
commutation state machine 124 is advanced by a signal from
voltage controlled oscillator 122.
As is well understood in the art of disk drive control
circuitry, commutation state machine 124 produces six
25 output signals which control high side and low side power
FETs for each of the three phase inputs 401-403 of spindle
motor 400. Commutation state machine 124, through spindle
predriver 125, switches FETs 211-216 (shown in FIGURE 3) in
synchronization with the rotation of spindle motor 400 so
30 as to provide the desired torque to spindle motor 400. For
example, in the run mode, the desired torque will be in the
direction of rotation of spindle motor 400, while in the

brake mode the desired torque will be in the opposite
direction.



bit control input which selects the desired running node of t he

. spindle notor. Possi bl e sel ected nodes include 15 startup, run,
coast, and brake. In the startup node, control logic block 121
sends a signal to nmultiplexor 123 so that commutation state machi ne
124 is advanced by an external signal fromdigital signal processi ng
bl ock 70 on input line 123a. In the run node, 20 control logic block

.selects multiplexor 123 so that comut ati on state machine 124 is
advanced by a signal from vol tageigontrol l ed oscillator 122.

As is well understood in the art of disk drive control circuitry,
comutation state nmachine 124 produces six 25 out put signals which

control high side angd | gy is‘ir?glegggg/’erbackr;o%}g EE%%J%%%@%&E bhgck M £&

phase i nputs 401-403 of sp tion state nmachine
124, through spin®fedves an ippukirsignall fyomsppdencdOFetts Apdioaivaifn in
FIGURE 3) in  the EMYIfdHeddiédtdwrthe 181éheuridrisehpromd oxpithdl spimdbs 400
B e, 25 o HeAShARs DERES L5310 AR, B Wnaf s
direction ®f roteempanedfte fhedbutputt @f 4be, conmivytationt$ikate machipeak?4 node
the desired toraue qitdrmifie AhkbBRePPPRS! b€tput of thd &JninRation state
machine 124 is in the desired phase relationship with the
actual rotation of the spindle motor 400.
If the commutation state machine 124 is out of phase
10 with the rotation of the spindle motor 400, then the
desired torque will not be applied to the spindle motor 400
and the desired rate of rotation will not be achieved. To
correct this situation, the back-EMF sense-and-compare
block 126 will increase or decrease its output signal to
15 the voltage controlled oscillaior 122 so as to increase or
decrease the rate at which the commutation state machine
124 is advanced, thus correcting the phase relationship of
the commutation state machine 124 and the rotation of the
spindle motor 400. |
20 Referring to FIGﬁRE 3, spindle motor power block 210
includes FETs 211-216. The gates of FETs 211-216 receive
the six bits of output from spindle motor control block
120. The high side FETS 211, 213, 215 have drains
connected to a supply voltage, while the low side FETS 212,
25 214, 216 have sources connected indirectly to ground. The
‘sources of high side FETs 211, 213, 215 are connected to
the drains of low side FETs 212, 214, 216, respectively,
and to spindle-motor input nodes 401-403, respectively.
Thus, for example, when high side FET 211 is switched on
30 while low side FET 212 is switched off, the supply voltage
will be applied to node 401. Conversely, if FET 211 is off
and FET 212 is on, node 401 will be grounded.
Referring once again to FIGURE 2, spindle motor 400 is
a three-phase motor, as is well understood in the art. To



In the run node, back- EMF sense-and-conpare bl ock 126 receives an

. i nput signal from nodes 401-403 indicative of the EMF generated on
the idle (undriven) one of the spindle not or phase inputs 401-403.
Thi s back-EMF signal is 5 conpared to the output of the conmutation
state machine 124 to determ ne whether the output of the commutation
state machine 124 is in the desired phase relationship with the
actual rotation of the spindle notor 400. I f the comrutation
state machine 124 is out of phase 10 3isith the rotation of the spindle
not or 400, then the desired torque will not be applied to the
spi ndl e notor 400 and the desired rate of rotation wll not be
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motor, as is VW”éidﬂy¥§r§5903eiPe&£§béaﬁ'fdzoexample, from digital signal

15 processing block 70. Multiplexor 127 supplies the input

type selected by the select input signal to spindle

predriver 125,

When pulse width modulation is selected, the duty

cycle of the spindle predriver output is controlled by the

20 duty cycle of the pulse width modulation signal. When the

pulse width modulation signal is low, the spindle predriver

125 pulls the gates of low side FETs 212, 214, 216 to

ground, thus turning these FETs off. In this state, no

current flows through spindle motor 400. When the pulse

25 width modulation signal is high, spindle predriver 125

operates normally and turns on the appropriate low side FET

as indicated by commutation state machine'124. Thus,

current flows through spindle motor 400 only when the pulse

width modulation signal is high. The average current

30 delivered to spindle motor 400 depends on the duty cycle of
the pulse width modulation signal.

When linear current control is selected, an analog

control signal which is proportional to the desired spindle

motor current is received by transconductance amplifier



12 provi de toque to the notor, one of the nodes 401-403 nust

., be at a high potential, while another one of the nodes nust be
grounded. "Commutation state nmachi ne 124 and spindl e predriver 125
switch FETs 211-216 in succession to provide 5 the desired torque to
spi ndl e notor 400. The spindle control block 120 can control the
current driving the spindle notor 400 by neans of either pulse
wi dt h nodul ation or linear current control. Miltiplexor 127 receives
a select input at input port 127a which 1R det er m nes whet her pul se
wi dt h nodul ation or |inear current control is to be used. A pul se
w dt h nodul ation signal is received at input port 127b, while an

analo? curregt 128, (ifﬂééobe%hgﬂaf ﬁorfsxhdﬂﬁ@c@Fdl émweanﬁhe1%6urcesThese
signals may be receive tal s pro Ssi ng
block 70. MiltiP fgx i‘i%%]‘%p??gs %%"fé %ﬂ]ﬁ i a *@% ntét &'the
sel ect input sigﬂeﬂtQQ? sgirof| eacross pﬁaﬁﬁlve¢54§§9r 410 18 thﬂmsﬁOpalse

wi dth nodul at i Onﬁufo%o%%ﬁﬁéfdto tifRe q'eftﬁal curr&&clﬁoo;& Phémsai lspipuegdriver
output is ontro cle of the nodul ati on

Ied b
si gnal . en tHE do %uls@mﬂﬁﬂfheﬁnaagaFPBﬁa§?§n§‘1?sv?ﬁg?g?hE°sﬁPﬁdIe
predriver 1P%egu| cartédret gebrsral oltagele &idssippliéd 4an?bmallog

ground, thus turgiggt %géﬁag\hﬁ;@ s(li{]lfndle grégiéf‘vegf 6lt2§ Qﬁlﬁl’llj leza;%pl(‘ilérsI gl sh | ovs

through spi ndl e notor I on SI naI S
hi gh, spindl e pr¥fbager teothe gate °§p‘§?%1t]€§ ﬁb@?ré?q"‘?raﬁ'@'rt%*%
appropriate | ow prélserntily selected by commutation state machine 124. The

10 selected low side power FET will then conduct a drain-
source current which is proportional to the output of
amplifier 128.

Support function block 130 contains voltage monitor
133, actuator retract block 131 and spindle brake block
15 132. Voltage monitor 133 monitors the supply voltage
received by the hard disk drive. When the supply voltage
drops below a threshold level, voltage monitor 133 sends a
fault signal to actuator retract block 131 and spindle
brake block 132. |
20 Actuator retract block 131 receives input signals, for
example from digital signal processing block 70, indicating
when the read head should be retracted to an area of the
disk on which data is not stored. This may occur when
_ power to the hard_drive is lost, when the supply voltage
25 sags, or when the drive is “parked” by the user for any
reason.

When the supply voltage decreases, fast retraction of
the read heads is desirable because each read head 1is
literally flying-on a cushion of air above its respective

30 disk surface. A read head will “crash” into the disk if
the disk rotation rate decreases to a critical level.
Therefore, when power to the spindle motor is lost or
diminished, the head must be moved to a safe area of the
disk where it can ™“land.” To this end, when actuator



as indicated by comutation state machi ne 124. Thus, current flows

. through spindle notor 400.only when the pul se wi dt h nodul ati on
signal is high. The average current 30  delivered to spindle notor 400
depends on the duty cycl e of t he pul se wi dth nodul ati on signal.
When linear current control is selected, an anal og ~control signal
which is proportional to the desired spindle notor current is
recei ved by transconductance anplifi-er
13 128. Sense resistor 410 is gennected between the sources
of |ow side FETs 212, 214, 216 and a ground potential. The vol t age
drop across sense resistor 410 is therefore proportional to the
actual current g pi 4 f
conpares this v%%?%&'@ L%gﬂ 131 {lﬁ‘ﬂe near cur r e t c%('r)l na]] Afﬁ}n% a%‘git and

supplies an anaP@@ltOr 133pgnphnpat pent d3lapindicabingid Jors195 supRlh
applies this  volt¥g!age teutb@t galignall tne Isutitsi de pawwiatbeT mdtor 214,

216 presentl select by _c tati.on state Chl ne,12 The 10
sel ected | ow si 8¢ &A"%F fﬂ%u acu(?r’r&gc? dlr;?al factton °%sto' E%¥r r ent

which is p&oporhﬁadal to the output of anplifier 128.

Support function bl Omlfer;l%oheaat eSOl Eag lddOor some h3d-cRet Yed pr
retract block 131 and s | e brake blef 132. Vol tgge nDnltqg 133
monitors the suﬁﬁ??oﬁbl aa ower retraction is desirable so a

potential damage to the read heads caused by sudden
acceleration. Thus, when a retract signal is received on
10 input port 131b, actuator retract block 131 sends an output
signal to actuator motor predrive amplifier 113 causing
slow retraction of the read head.
When the hard disk drive is to be shut down, it is
desirable to allow the disks to coast freely, gradually
15 slowing their rate of rotation, until a critical speed is
reached. At the critical speed, it is desirable to stop
the rotation of the disks suddenly, so that when the read
heads ™“land,” they need not travel a long distance in
contact with the disk surface.

- 20 Thus, spindle brake block 132 receives input signals,
including the output signal from volfage monitor 133,
indicating when the rotation of the spindle motor 400
should be stopped. In response to these signals, spindle
brake block 132 sends an output signal to commutation state

25 machine 124 causing it to reverse the direction of the
torque applied to spindle motor 400.
The amount of power which must be driven by power chip
200 varies with the type of actuator and spindle motor
used. Thus, a different power chip is required to drive
30 different disk drive motors 300, 400. However, one
advantage of the above-described system in accordance with
the invention is that the control signals for each power'
chip are the same. Thus, the same control chip 100 can be
used with different power chips 200 and disk drive motors



received by the hard disk drive. Wen the supply vol tage drops bel ow
-a threshold | evel, voltage nonitor 133 sends a fault signal to
actuator retract block 131 and spindle brake block 132. 20
Actuator retract block 131 receives input signals, for exanpl e from
digital signal processing block 70, indicating when the read head
shoul d be retracted to an area of the di sk on which data is not

st or ed. This may occur when power to the hard drive is |ost, when
the supply voltage 25 sags, or when th® drive is "parked" by the user
for any reason. When the supply voltage decreases, fast
retraction of the- read heads is desirable because each read head is
literally flying aggeshi WAET=TelelY ts.r cli di

surface. A readsﬂﬁlad‘ls\»el gg?gé £ %%to t{gé dilss’skg%ﬁ'e éié’&rst uelscﬁ sv{sillath
rotation rate de®f %Js%"sl% or clingam|cyrkant control aar deprselegited Fower
to the spindle nmobotroks ﬁmsrsp@ndle motoxdi4ru'oni shed, the head nmust be noved
;gt 3atsg];e area of theWhJ.le the ﬁ%rem?. eenI %Qrihcularol ' hsll}so eng_lefiwl"len
bl ock 131 rPecei v@%s@-"fb&ﬁ’l PYst%aﬁorﬁgemq/@ertagéed descniptiionr 1t33vidd beput

port 13la indi cathagrstdd bfthodBPb¥illed i ¥HAFEE %ﬁagu{rglf-'foucé Ydler! S

sent o actuator fBhghe 1n foBh Hd FeldTl oy be' B2aS kRSt Hlpaitina ' O"

from the spirit and scope of the invention.



5 | head. When a head retract is requested for sone
-non-critical reason, a slower retraction is desirabl
potential damage to the read heads caused by sudden immmu“mmnr" ll

Thus, when a retract signal is received on 10 i nput port *13%b, Lt act uat or+
retract block 131 sends an out put. signal to actuator notor predrive
anplifier 113 causing slow retraction of the read head.

When the hard disk drive is to be shut down, it is desirable to all ow
the disks to coast freely, gradually 1516 slowing their rate of rotation,
until a critical speed is reached. At the critical speed, it is
desirable to stop the rotation of the disks suddenly, so that when

t he read weess' lcaremept fey need not travel a long distance in
contact with the digk suriace. 20 spindl e brake bl ock 132

recei ves input signdl's, 2 sYSteF‘néPEdFjﬁg"%% %ultl%{ﬂi g Fromriadiage
noni tor 133, motor, mempatishggwhen the rotation of the spindle notor 400

shoul d be stopped. In gﬁﬁqgfgem%goghac[so%tgogna%n%@@ nfl cﬁl eriEffr‘%;esPLSCk

132 sends an out put Si comrut at1 on St
it to revérse th ’éﬁ]r’é'dtl%ﬁ spingle motor e¢ontued apignadd .t dhepismiingilent or

400. ndter avhitRolotipeueE w&vﬁ{@.rmst be drlven by power chip
200 varies with the type of I pindl e no

tQr _an Thus
a different power chip i$& reqw#i’al T8 ?R/ergﬁelv“bqfﬁer"lﬂ‘?te ?ﬁu%{:q:
nmotors 300, 400. signgdvemr pudse width medbiattiage séfnahe atxbiee- ﬁ:iessct:rl bed

system in accor danceuirehit contro].t I%Qghgi!erfdrogelﬁcﬁﬁfbt chB€o £ 0Rd fi*}ul%e:%ggl S

for each Jgower ‘td%tl‘d}g? Thus e same contro
can be used W %?thbc'}'\k@Pa&hP’iS@ % %%F&E%ﬁ\fé”ﬁﬁ%s
, signal in response to the mode selection signal, and
for generating an output signal equal to the selected
one of the pulse width modulation signal and the first
current control signal; and
15 a spindle predriver for receiving the multiplexor
output signal, and for generating the spindle motor
control signals; and
a spindle motor power circuit, for receiving the
spindle motor control signals and for supplying a plurality
20 of spihdle motor power signals to the spindle motor.



15 - 300, 400. Another advantage is that elther pulse nDduIatlon or
-linear current control can be selected to control the s Ju"

Whil e the invention has been particularly shown and des (m"I

foregoi ng detail ed description, it will be understood by those skFII%d in
the art that various other changes in formand detail may be nade w thout

departing fromthe spirit and scope of the invention.

16 - WHAT IS CLAIMED | S: ‘1. A systemfor driving a hard
di sk drive spindle notor, conprisiny: a spindle notor
control circuit for generating a 5 plurality of spindle notor control
signals, the spindle motor control circuit having: a

mul tipl exor for receiying ﬁlengggtét?loetctdl%'im 1, wherein the spindle motor
power circuit comprises: '

a plurality of output conductors, each output
conductor being connected to one of a plurality of input

5 ports of the Spindle motor, each output conductor
conducting a corresponding one of the spindle motor power
signals; '

a plurality of high side power transistors, each

transistor having a gate terminal for receiving a

10 corresponding one of the spindle motor control signals, a

drain terminal connected to a voltage source, and a source

terminal connected- to a corresponding one of the output

conductors, each transistor conducting a current from the

voltage source to the corresponding output conductor in

15 response to the corresponding spindle control signal; and

a plurality of 1low side power transistors, each

transistor having a gate terminal for receiving a

corresponding one of the spindle motor control signals and

a drain terminal connected to a corresponding one of the

20 output conductors, each transistor conducting a current

from the corresponding output conductor in response to the
corresponding spindle control signal.

3. The system of Claim 2, wherein the spindle motor
25 control signals comprise high side control signals and low.
side control signals, each high side control signal being
supplied to the gate of a corresponding one of the high
side power transistors, each low side control signal being
supplied to the gate of a corresponding one of the low side

30 power transistors.



signal, a pulse wdth nodul ation signal, and a first current

.control signal, for selecting one of the pulse 10 | |
signal and the first current control " signal i nu u@ U Hm
node sel ection signal, and for generating an o s I

to the sel ected one of the pul se width nodul ati on signal and the
first current control signal; and 15 a spindle
predriver for receiving the multiplexor out put signal, and for
generating the spindle notor igontrol signals; and a
spindl e notor power circuit, for receiving the spi ndl e notor control
signals and for supplying a plurality 20 of spindl e notor pomer signals

to the spindle notor

2. The systemof C afm DPSWT¥PERR RS 3imdr eWheEein the spipdie ’E?F%lt

conpri ses: control geigguirtalfurgheof comptjses: conductors, ~ each out put
conductor being conngcigte Q8RsGE fo! dedldringOl LRl éqondae{a&& P
the spindle n% each output _conductoor (?

correspondi ng o ofp’trH’é-esBPﬁﬂFe Fhst SPrpgeRrerating a%u@%ratst Slgnalr and g

plurality ®f high si detpamoﬁdmrﬁ:‘eompmﬂﬁé\r for ddcvivinhOh Bavém@ a
gate term nal f%rﬁ'gﬁt?'é@n'%gof &Pgnal QR4 ERE WS p ue Ofgnaol].c tfﬁ%hseplcg.glreengm or

control signals
sensor, and for generating the first current control
signal. |

10 5. The system of Claim 4, wherein the current sensor
comprises:

a resistor having first and second terminals, the
first terminal being connected to a ground potential; for
conducting the current conducted by the spindle motor to

15 the ground pétential; and
an output conductor connected to the second terminal

of the resistor, for conducting the output signal of the
current sensor.

20 6. The system of Clalm 1, wherein the splndle nmotor
control circuit further comprises:

a voltage-controlled oscillator for receiving an
oscillator control signal and for generating an
oscillator output signal; and

25 a commutation state machine for receiving the
oscillator output signal, for generating a plurality
of transistor selection signals, and for supplying the
transistor selection signals to the spindle predriver.



drain termnal connected to a voltage source, and a sour ce termmnat———

'connected to a correspondi ng one of the output conducim’

transi stor conducting a current fromthe vol t age sour m‘m ”,I””"I
n

correspondi ng out put conductor in 15 response to the correspon

spindl e control signal; and a plurality of |ow side power
transi stors, each- transistor having a gate termnal for receiving a
correspondi ng one of the spindle notor control signals and a drain
term nal connected to a corresponding onggof the 20 out put conduct ors,
each transi stor conducting a current fromthe correspondi ng out put
conductor in response to the correspondi ng spindle control signal.

3. The system of G m 2, . wherein the ﬁ pi.ndl.e notor, 25 control signals
conprise high side conTroIh§|§¥§ﬁ?F dCf-ahm 6, whegejn tHg: pBindleymater each
hi gh si de controfostymal checuyt furthsnppbmpdméstbep@atse Qfet%ctor for

correspondi ng onge&diviRg Qlﬁﬁhs 8‘éAEﬁﬁP%&§?air 3 $he 8pi hﬁ%}m15|de

control signal being E a corre po §he of
the | ow side 30 °rp5ﬁE?lY+%%s ggopgan51stor selection signals from the

18 5  dommiiatispsstdBedmaChihdndhd Wher gikk At ngPAd! §s DL Ytor

control signal.



control circuit further conprises: a current sensor for

. detecting a current conducted by t he spindl e notor

generating an output signal; and 5 a transconductlemmnm;“l Hml " IIII
for receiving a second current control signal and the cutput vsi gnat
of the current sensor, and for generating-the flrst current control
si gnal . 10 5. The system of Claim4, wherein the current sensor
conpri ses: a resistor having first and second ternminals, the
first termnal being connected to a grogpd potential, for conducti ng
the current conducted by the spindle notor to 15 t he ground potenti al ;
and an out put conductor connected to the second term na

of the resistor, for conductlng t he ouaput signal of fhe current
sensor. 20 A PRedsgiskioiven cﬂﬂ%?%ﬁ*P?tua spi ndl e not or

control circuit furtheﬁlsfkrrmutsaemed to a rotatableasptiln_tiage e radidled
oscillator for | Vi r fol signal and for
Lﬁ@fﬁé‘ apqm}sl}letll edium i pé]ic Atj.oqll 899%

generating an I"at or ~ ou S|gna a
comut ation state nmehiskdngde maieryi generel circuit f°6sc‘3¢f}€a-’tadir1n§ut$)ut

signal, far gengrathbgty Bfursﬁhhl'l!e motor cont®bl! E2gEabs Or tEe! eplhdale

3|gnals and for suppl yin transi stor selection signals to
t he spindle pre8P| g ghtékl éircuit having:

a voltage-controlled oscillator for receiving an
oscillator control signal and for generating an
oscillator output signal;

10 a commutation state machine for receiving the
oscillator output signal and for generating a
plurality of transistor selection signals;

a multiplexor for receiving a mode selection
signal, a pulse width modulation signal, and a first

is current control signal, for selecting one of the pulse
width modulation signal and the first current control
signal in response to the mode selection signal, and
for generating an output signal equal to the selected
one of the pulse width modulation signal and the first

20 current control signal; and

a spindle predriver for receiving the transistor
selection signals and the multiplexor output signal,
and for generating the spindle motor control signals;
a2 spindle motor power circuit, for receiving the

25 spindle motor control signals and for generating a

plurality of spindle motor power signals; and
a spindle motor for receiving and being energized by
the spindle motor power signals, and for controlling the

rotation of the spindle.
30



19 7. The system of Caim®6, wherein the spindle nmotor contTot

-circuit further conprises a phase detector for receiving
signal fromthe spindle notor, for receiving the transi st,mmﬁm"ﬂﬂmrn ,"T
signals fromthe comutation state machine and for gener at4 ng

oscillator control signal.

8. A hard disk drive systen1conprising a di sk attached to a
rotatabl e spindle, the disk havi ng a magnetic nediumfor storing

dat a; a spindle notor control sqircuit for generating a 5
plurality of spindle notor control signals, the spindle nmot or contr ol
circuit having: a voltage-controlled oscillator for

bsci 11 at o output_si gial . be RaPl GERK&rod SRS WadRIS, ShPRetY o,
recei ving the the spindle motor control c1rcu1t further comprises a phase
detector for receiving a phase indication signal from the
spindle motor, for receiving the transistor selection
5 signals from the commutation state maéhine, and for

generating the oscillator control signal.

10. The hard disk drive system of Claim 8, wherein
the spindle motor control circuit further comprises:
10 a current sensor for detecting a current conducted by
the spindle motor, and for generating an output signal; and
a transconductance amplifier, for receiving a second
current control signal and the output signal of the current

sensor, and for generating the first current control
15 signal.

11. The system of Claim 10, wherein the current
sensor comprises: :
a resistor having first and second terminals, the
20 first terminal being connected to a ground potential, for
conducting the current conducted by the spindle motor to-
the ground potential; and
an output conductor connected to the second terminal

of the resistor, for conducting the output signal of the
25 current sensor.

12. The hard disk drive system of Claim 8, wherein
the spindle motor control signals comprise a low side
control signal, the low side control signal being an analog

30 signal proportional to the first current control signal if
the first current control signal is selected, the low side
control signal being a digital signal proportiénal to the
pulse width modulation signal if the pulse width modulation
signal is selected.



ranbi Stor ool Bet i onTonars; O ST R i plex lﬁﬂ \“’Wﬂ\l\l\ﬂlﬁ

node sel ection signal, a pulse wi dth nodul ation

I'gnaly,

first 15 current control signal, for selecting one of the pulse

wi dt h nodul ati on signal and the first current control signal in
response to the node selection signal, and : for generating an
out put signal equal to the sel ected one of the pulse width
modul ation signal and the first 20 22 current control signal; and

a spindle predriver -for receiving the transistor sel ection
signals and the nultiplexor out put signal, and for generating

t he spi ndl e not or cogéro

1 g
circuit, for receivi th'gh Qargsﬁ*%lﬁrl%tﬁs“@‘bn‘% gilalgl Sn erSﬁﬁ f or
generating a the spphdlalm¢goxﬁpanmrndhecuﬁtomompnmaess|gnals and

a spindle notor for reggf%lé %&Qd *1995 %‘ﬁrﬁﬂfﬁ%&xﬂng a £ifl %alengke

not or power S|gnals contro . rotation of
spindle. 30 he spindle motor control signals, and forzfonductlng a o9

The hard dssk drimsstsyshierent ©hai fespondeer €bn the firsthespphdllé e mapber
control circuit ééﬂﬂ&%ﬁrsféﬁg¥'f¥%% % BQTESge source to a first input port

of the spindle motor;

a second power transistor for receiving a second one
of the spindle motor control signals, and for conducting a

10 second current from the first input port of the spindle
motor in response to the second spindle motor control
signal;

a third power transistor for receiving a third one of
the spindle motor control signals, and for conducting a
15 third current in response to the third spindle motor
control signal from the voltage source to a second input
port of the spindle motor;
a fourth power transistor for receiving a fourth one
of the spindle motor control signals, and for conducting a

20 fourth current from the second input port of the spindle
motor in response to the fourth spindle motor control
signal; -

a fifth power transistor for receiving a fifth one of
the spindle motor control signals, and for conducting a
25 fifth current in response to the fifth spindle motor
control signal from the voltage source to a third input
port of the spindle motor; and
a sixth power transistor for receiving a sixth one of
the spindle motor control signals, and for conducting a
30 sixth current from the third input port of the spindle

motor in response to the sixth spindle motor control
signal.



detector for receiving a phase indication signal fromthe spindle
.notor, for receiving the transistor selection 5 si gnal ﬂlllmmm In"ﬂlll " |“|
comutation state machine, and for generating t

control signal. 10. The hard di sk drive system'of “Claim 8,° *
wher ein t he spindle notor control circuit further conprises: 10

a current sensor for detecting a current conducted by the spindle
notor, and for generating an output signal; and a
transconductance anplifier, for receivinga second current control
signal and the output signal of the current sensor, and for
generating the first current control 15 si gnal . 11. The
system of Claim 10, wherein the current sensor conpri ses:

a resistor having finde afdmesbedd tr&r AFa¥iag athardplisk drive spindlsg
bei ng connected ﬁétthyb@mpﬁlgghgnthéﬂstéby’of conducting the current

conducted by the spigg ern%tor to se gi?£0g9q1 tentlal and
an out put conduct or nected ot 3 ?% seé‘ erm of the resistor,
for conducting the oggneratigoak pilstavizbh modulatinn sdgosd;

12. The hamd di sk drlg\ae%&%tlﬁ@ af fﬁt@& re&re%eesharol ﬂgntalie spi ndl e rmtor
control signals conprise.a.lo | ow Si

control signal being %ﬁ?e&?fé?“éga%oa mult&?&ﬁﬁ?”p?lb"p oﬁﬁp'e?gl?rhesﬂ
current control shgnphlsé width mbdulatidn csignadt agwhtthe Simptalcurrent

sel ected, the | owysd,Ag 51gna}ccgglegkﬁﬁéé§¥% otetnd fyegbigkhsﬁ&ﬁgﬁation

proportional to the ation se wdth
modul ati on signplaendsthe| £L¥4ly current control 51gnal in response to
10 the mode selection signal, and generating an output signal

equal to the selected one of the pulse width modulation
signal and the first current control signal;
receiving at a spindle predriver the output signal of
the multiplexor, and generating a plurality of spindle
15 motor control signals;
ieceiving at a spindle motor power circuit the spindle
motor control signals, and generating a plurality of
spindle motor power signals; and
receiving at a spindle motor the spindle motor power
20 signals, snd providing torque to a hard disk spindle.

15. The method of Claim 14, wherein the step of
generating the first current control signal comprises the
steps of:

25 generating a second current control signal;

sensing at a current sensor a current conducted by the
spindle motor, and generating a current level indication
signal; and _

receiving at a transconductance amplifier the second

30 current control signal and the current level indication
signal, and generating the first current control signal.



22 13. The hard disk drive systemof Caim 8, mhereln

Lhe spindle, moror poner Crent omrtes e oo vt o A il IILIIHIII

signals, and for conducting a 5 first current in response to the"fit

spi ndl e not or control signal froma voltage source to a first |nput
port of the spindle notor,; a second power transistor for
receiving a second one of the spindle notor control signals, and for
conducting a 10 second current fromgihe first input port of the spindle
notor in response to the second spindl e notor control : si gnal ;

a third power transistor for receiving a third one of the spindle

nmotor control signals, and for conducting a 15 third current in response
to the third spindl eléot he method opfr & Sladmgnkd . fvoereie Ghet &feprsfice to

a second i nput recelVlﬁ@OltheOEpiﬂ&léB&dwxecﬁ'ﬁi:Qél 51gnals and geh¥s ihpover
transi stor for Eﬁgeé in urt e notor _contr ol

0
signals, and for e enéno °fop°wefofﬂwlfuwgﬁflf?gﬁrh%es?é’@oﬁg i nput
port of the spi ndI e receivimpt @t i a responserndnahe éHura h fipishdl powet or

contr ol 5 %k‘ﬂﬁé‘istor a first dd fbP r sb&fl&fésatgi’tofrorcéﬁe 61” ng a

fifth one of ndl e notor contro conducting a
25 fifth cur F&ARa; ﬁ'ré Boﬁ§@duFGiPﬂeﬁﬂﬁ%q§§ﬂﬁ4ﬁHQ§qnﬁqﬂm a voltagmtro
signal from t hesoottageosair Edrsd dnpltr bortpudf the spindle motor in

response to the first spindle motor control signal:
receiving at a gate terminal of a second power
10 transistor a second one of the spindle motor control
signals, and conducting a second current from the first
input port of the spindle motor to a ground potential in
response to the second spindle motor control signal;
receiving at a gate terminal of a third power
15 transistor a third one of the spindle motor control
signals, and conducting a third current from the voltage
source to a second input port of the spindle motor in
response to the third spindle motor control.signal;
receiving at a gate terminal of a fourth power
20 transistor a fourth one of the spindle motor control
signals, and conducting a fourth current from the second
input port of the spindle motor to the ground potential in
response to the fourth spindle motor control signal;
receiving at a gate terminal of a fifth power
25 transistor a fifth one of the épindle motor control
signals, and conducting a fifth current from the voltage
source to a third input port of the spindle motor in
response to the fifth spindle motor control signal; and
receiving at a gate terminal ‘of a sixth power
30 transistor a sixth one of the spindle motor control
signals, and conduéting a sixth current from the third
input port of the spindle motor to the ground potential in
response to the sixth spindle motor control signal.



porl_of'the spindl e notor; and ) a sixth power—transi'stor for
conduct i ng a 30 sixth current Tromthe third input. LSHIIIIIH“EMIIHHI\IHIHI

notor in response to the sixth spindle notor control * $jigha

23 14. A nmethod for driving a hard disk drive splndle

not or, conprising the steps of: generating a node sel ection

si gnal ; generating a pulse width nodul ation signal; 5

generating a first current control signalsg receiving at a

mul ti pl exor the node sel ection signal, the pul se wi dth nodul ati on
signal and the first current control signal, selecting one of the
pul se wi dt h nodul ation gnal and the first current control nal in
response to 10 thezﬁbdeTgélgﬁFpeﬁ efgRipimapa, géHEF%ﬁFrﬁPQﬁF%ﬁiPHug

si gnal equastéms tdf2 sel ected one of the pul se wi dth nodul ation

signal and the first QH&{gﬁén§0n5E0|Os'ggftég? ontrP%le?reggéfif%}d%t 4n

spindl e predriver the nal exor
generating a plur aﬁﬁlylaﬁorsppm@lwsmgnarbt Gpdccﬁﬁneélatépgn@lns oscillator
receiving ats a spohehe: BilgalpouRa circuit the spindle not or control

signals, and generati n].ge s 1Q7|1li|1rga| Ia;[ Oaf. commutation state machine the
oscillator output signal, generating a plurality of
transistor selection signals, and transmitting the
transistor selection signals to the spindle predriver.
10 '

18. The method of Claim 17, further comprising the
step of receiving at a phase detector the transistor
selection signals and a phase indication signal from the
spindle ﬁotor, and generating the oscillator control

15 signal. .



spfndle not or power signals; and
.t he spindle notor

receiving at a spindle notor
power 20 signals, and providing torque to a hard di sk

spi ndl e. 15. The method of- Caim 14, wherein the step of
generating the first current control signal conprises the steps of:
25 generating a second current control signal; sensi ng
at a current sensor a current conducted by the spi ndl e notor, and
generating a current |evel indication signal; and’

receiving at a transconductance anplifigg the second 30 current contro
signal and the current |evel indication signal, and generating the
first current control signal. 24
16. The method of Caim 14, wherein the step of receiving the spindle
not or control signals and generating t he spindle notor power signals
conpri ses the steps of: METHOD AN®CE€IRCUQT aOR DpavENGer m nal of a first
power 5

si gnal s,

first

and conducting a firs

transistor a fiy rﬁ%\RBnBISIQf +he spikbpd! oty or control

current roma voltage source to a

i nput port of the spindle notor in

10

15

ABSTRACT OF THE DISCLOSURE

A system for driving a hard disk drive spindle motor
is disclosed. The system comprises a spindle motor control
circuit (120) and a spindle motor power circuit (220). The
System also includes at least one disk (22) attached to a
rotatable spindle (21) and a spindle motor (400) which
receives power signals from the spindle motor power
circuit (220) and controls the rotation of the spindle
(21) . The spindle motor control circuit {120) comprises a
multiplexor (127) which transmits either a pulse width
modulation signal or a current control signal in response
to a mode selection signal, and a spindle predriver (125)
which receives the multiplexor output signal and transmits

spindle motor control signals to the spindle motor power
circuit (220).

Figure 1
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25 17. The nmethod of C aim 14, further conprising the

.steps of: receiving at a voltage-controlled oscillator an
oscillator control signal and generating an oscillator 5

out put signal;
and receiving at a conmutation state machine the
oscillator output signal, generating a plurality of transi stor

selection signals, and transmtting, the
signals to the spindle predriver. 1@

further conprising the
transi stor

transi stor selection
‘ 18. The nethod of Caim 17,
step of receiving at a phase detector the
sel ection signals and a phase indication signal fromthe

spi ndl e not or, andggen I ng épezpscillator control 15 si gnal .
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