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1 METHOD AND ClI'RCU T FOR DRI VI NG HAﬁﬁaﬂ .
.DRIVE SPI NDLE AND ACTUATOR MOTORS TECHNI CAL FI ELD OF THE | NVENTI
“This invention rel ates generally to the field of disk drive circuits
and nore particularly to a nethod and circuit for driving hard disk
drive spindle and actuator 5 not or s.
2

METHOD AND CIRCUIT FOR DRIVING
HARD DISK DRIVE SPINDLE AND ACTUATOR MOTORS

TECHNICAL FIELD QF THE INVENTION
" This invention relates generally to the field of disk

drive circuits and more particularly to a method and
circuit for driving hard disk drive spindle and actuator
S 5 motors.



BACKGROUND OF THE I'NVENTI ON A hard disk drive generally includes
.a stack of rotating disks or platters, a spindle notor which causes

the disks to rotate, read/wite heads which fly above the 5 surface of

t he di sks, an actuator nmotor (known as a "voice coil nmotor" or VCM

whi ch controls the positioning of the read/ wite heads, power

circuitry to provide el ectrical power to the spindle and voice coi

notors, and control circuitry to control the operation of the spindle

and voice 10 coil notors. For any particul ar type of

conmputer, such as the line of conputgrs incorporating Intel 80X86

m cr oprocessors, a variety of conpatible disk drives are typically

of fered. These disk drives may vary in the anount of nmenory 15

avai l abl e, the nunber of disks or platters in the stack, ) and the rate

at which data can be witten to or read from t he di sks. The power and

control circuitrBAGKGROUNBJOF (THE INVENTION t he spindle and voice coil notors

for the disk drive a hag@n@&%kl Yariadel e@ea\éx.tamtyhelmr@@@t%Sseackhendlsk

drive. 20 t he uf acturers k dr|ve
el ectroni cs have® %I%%r\'r dhtsﬁ‘g 5t BEBgB?A’/é?' a?lds%ld’rﬁ(ileofm@“ wm%?
four separate i ntbgrdﬁaé@' ¢ior cakat¢) Qeaclivrdite heads whichi Céycdbcbvermhn

power chipg a Voé@@faﬁ:@' bfna&@rdmat r @h actuacorcmbeor agflé{&aﬁdhé RO er
chip, and a spindle cont.r ol t hese c kgs m ght

vary fromone di gpil ‘“°t°r" PFVXC’E&/[}Q‘*(B‘ éﬁ‘?&ttﬁg}s t%l}?ﬂ&ﬁena% iRk type
m ght r equead/wmitre |Weacis), ppowerclciacaigky dof peoeide f ebertiixssdl of

anot her di sk driy&, %ﬁ'pf’o the spind e dﬂpt\{chepréog Q\E‘:opgv'gﬁ“ 'Qéﬁtfgfdg{[ ed

t he actuator notor 30 contr I rcuits on one In gr
circuit, and ci rcq%srs% ’@rﬁbt%ﬂe PRRERLIGR ofolhe giPimidleupnd ¥RLGmot her
I nt egr at edLeci r cuedil gz st.he povver portlon of each chip woul d vary

w th the type of aCtW&hPEn%”SLr q yégr§% computer, such as the llne

of computers incorporating Intel 80X86 microprocessors, a

variety of compatible disk drives are typically offered.

These disk drives may vary in the amount of memory

15 available, the number of disks or platters in the stack,

" and the rate at which data can be written to or read from

the disks. The power and control circuitry requirgd to

drive the spindle and voice coil motors for the disk drive
generally varies with the parameters of the disk drive.

20 In the past, manufacturers of hard disk drive
electronics have designed the motor power and control
circuitry as four separate integrated circuit (IC) chips:
a voice coil motor power chip, a voice coil motor control
chip, a spindle motor power chip, and a spindle motor

25 control chip. Each of these chips might vary from one disk
drive type to another. Thus, oné disk drive type might
require four IC chips which are all different from those of
another disk drive type. '

Another prior art device integrated the actuator motor

30 - power and control circuits on one integrated circuit, and
the spindle motor power and control circuits on another
integrated circuit. Since the power portion of each chip
would vary with the type of actuator and spindle motors




3 used, different chips would be required to drive different

. hotors. Because integrated circuit chips are expensive to
design and nanufacture, it would be desirable to reduce the 5  total
nunber of chips used to provide disk drive notor power and control
Moreover, it would be advantageous if one or nore of the chips
provi di ng power and control to the di sk drive notors could be used in
several different types of disk dri&es. 10

4 SUMVARY OF THE | NVENTI ON A met hod for driving hard
di sk drive spindle and . actuator notors is disclosed. The net hod
conprises the steps of (1) generating actuator notor control signals
at 5 an actuator control circuit formed on a first substrate;

(2) generati ngusgdndiief fereat chbps obosld e Tejuirespitoddeive diffemsnit ol
circuit forned }?e first substrate; (3) recei ving the actuator
nmotor control sirgnals at an actuator power circuit fornmed on a
second substrate, oBecgeserdntpgrated circuit chips are expensive to

design and manufacture, it would be deéirable to reduce the
5 - total number of chips used to provide disk drive motor
power and control. Moreover, it would be advantageous if
oné or more of the chips providing power and control to the
disk drive motors could be used in several different types
of disk drives.
10



10 actuator notor power signals; and (4) receiving the spindle

.notor control signals at a spindle power circuit forned on t he second
substrate, and generating spindle notor power si gnal s. A
circuit for driving hard disk drive spindle and 15 actuator notors in
accordance with the invention conprises (1) a spindle notor. control
circuit forned on a first substrate, for generating a plurality of
spi ndl e not or control signals; (2) a spindle notor power circuit

- forned on a second substrate, for receiving the spindle notor 20
control signals and for generating a pluraljty of spindle - not or power
signals; (3) an actuator notor control circuit formed on the first
substrate, for receiving a |linear current conmmand. signal and for
generating a plurality of actuator nmotor control signals; (4) an
actuat or notor power 25 circuit formed on the second substrate, for
recei ving the SUMMARY, | QF QFHEENVENTEAN r ol si gnal s and for generating a

plttlralhl Ej yt of aCt;JatorlAlTQﬁé?lfhdéil)V\Eér ﬁagwi&q hayd alikgastigge spl%ldledl
attached to a ro ndl e vin magnet.i ¢ I um
for storing data; aa%%%tg s ﬁBFE At gf" f)‘?s%‘g‘ g?%c@?%‘ﬁ’g isedg the
energi zed by the %ﬁﬁnﬁﬂQS 39 ogeperaring actustgnahstorardntool coiynalld iatg t he
rotation of sthe EHHrHﬂﬁhator contfdl AR | E ghsk EpAd: §§F§} degcent

to the disks; (2) & an actuator notor recei vi ng
ener gi zed gene ating spindle motor control signals at a splqéaethe

actuator notor posmrtrelgnaiscusind foamedonsdnol theg tirst slsspasid; on3of the
?Iss'fh;'?ad heads. receiving theabEGi¥¥r" @bt ANREE oS BECSSMcduliRt ! on
: power circuit formed on a second substrate, and generating -

10 actuator motor power signals; and (4) receiving the spindle

motor control signals at a spindle power circuit formed on

the second substrate, and generating spindle motor power
signals.

A circuit for driving hard disk drive spindle and

15 actuator motors in accordance with the invention comprises

(1) a spindle motor.control circuit formed on a first

substrate, for generating a plurality of spindle motor

control signals; (2) a spindle motor power circuit formed

on a second substrate, fdr receiving the spindle motor

20 control signals and for generating a plurality of spindlé

motor power signals; (3) an actuator motor control circuit

formed on the first substrate, for receiving a linear

current command signal and for generating a plurality of

actuator motor control signals; (4) an actuator motor power

25 circuit formed on the second substrate, for receiving the

actuator motor control signals and for generating a

plurality of actuator motor power signals; (5) at least one

disk attached to a rotatable spindle, the disk having a

magnetic medium for storing data; (6) a spindle motor for

30 receiving and being energized by the spindle motor power

signals, and for controlling the rotation of the spindle;

(7) a plurality of disk read heads adjacent to the disks;

and (8) an actuator motor for receiving and being energized



a nethod and system for driving hard disk drive spindle and 5 act uat or
.hotors is provided. Another technical advantage is that the invention
requires only two integrated circuits. Anot her technical advantage is
that the sanme generic control integrated circuit can be used in
conjunction with a variety of power integrated circuits. Another
techni cal 10 advantage is that either pulse width nodul ation or |inear
current control can be selected for controlling the rotation speed of
t he spindle notor. BRI EF DESCRI PTI ON OF THE DRAW NGS
For . a nore conpl ete understandi ng of the present i nvention, the

obj ects and advant ages thereof, reference is now made to the
fol l ow ng descriptions taken in connection 5 wi th the acconpanyi ng

drawi ngs in Wh'tﬁh the actuator dedzE ﬁeviei' a1 \éqrsal lanBl Tl Eondtrammehga
hard di sk ' rive %y QA is a block dlagran1of t he
power and contr?ﬂe posi i@Pr85|FP9 5k E8 sdrlve actuator and spindl e

motors 10 in accgr dechaival hadvantageeof i the present inverfiGdREs3thata
' ZgEgm;'nged:Ma?LQ%nghlo%icgﬁgc%)ﬂ&e% fggddriving %ﬁ'rﬁdldfslpodﬁ.rvec'srp%ﬁ'dtl@/ ahd |
5 actuator motors is provided. Another technical advantage is
that the invention requires only two ihtegrated circuits.
Another technical advantage is that the same generic
control integrated circuit can be used in conjunction with
a variety of power integrated circuits. Another technical
10 advantage is that either pulse width modulation or linear
current control can be selected for controlling the

rotation speed of the spindle motor.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The preferred enbodi nent

., of the present invention and its advant ages are best understood by
referring to Fl GURES 1-3 of the drawi ngs, like nunmerals being used
for like and 5 correspondi ng parts of. the various draw ngs.

Referring to FIGURE 1, an overall block diagramof a di sk drive in
accordance wth the invention is shown. Hard disk drive 1 includes a
plurality of disks 21 nmounted on a rgtat abl e spindle 22. The spindle
is rotated by a spindle 10 not or (not shown). Each disk 21
has magnetic recording surfaces on both sides of the disk. Read heads
12 are nounted on actuator arms 11, which are noved in unison by an
actuat or notor, al so known as a voice coil notor or VCM (not shown).

The 15 read BREEE DBSCRIPIIONNOENEHE cDRAWINGS anges on the surfaces

of the disks 21. Eacipd | uX mé¥08oRpLELE CurdleYstaaliNG! ©OF the presepgd by
a pre-amplifier,30. .. The ier, 3 nal, to

re-anpli transmis t Si
read channel 40}nmttﬁ?%e€'gﬂe%b s and a‘gY"ffém%se tE?B%%é’S e"ser}f%"%leg sl .
An exanpl e of anéwmEdeoto2@he fprldwinmeddscrigadonsabakén 4ih iconmeectiian
response, cmaxi i i i on: US; g Viterbi detector.
The read cshanne tsl%aen sér‘lt‘ﬁ‘?a ggggeggégﬁé&%gngﬁ%%h' 50, which
i ncl udes a phase-| ockE@REpch £9.an qyergphiadelock diagnamckddal dgydsdisk
comuni cat es W §hjvdesyHagn channel 40 to 25 ensure that the data i's read

fromthe disk with proper ~synchroni zation. Bl ock 50 al so incl ydes
an application- FI&?%& it & Sﬁiﬁﬁ"a orpmcgf: thapewer and cantrol
processes the circuitiegofier histd digk drivieniactiuasow afid t Sieindiad mdtamse!
40, dynagj.c i 1S i nit 62, flash menory unit 30
63, and c?’logi tal Iﬂs}i %ﬁé&%%%eess tﬁ’gttg%oﬁﬁgé%%n' Read channel 40
sends the decoded daFEGVREaBalisgaf schematic diagriamioeflths actughoscesw ng

bl ock 70. This Qb@ﬁ&:ré NSowdleeircuitry?in 28885P8and Uil the iROBNEILE!
71, digital Sl gha _




8 processing circuitry 73, and a digital-to-anal og converter

. 72. Digital signal processing block 70 sends signals to not or control
bl ocks 110 and 120 on control chip 100 i ndi cati ng what actions the
spindl e and actuator notors 5 ~shoul d take next. Support function bl ock
130 on control chip 100 performs support functions described bel ow
Referring to FIGURE 2, a functional block di agram of the disk drive
not or power and control circuitry is shown. Control chip-100 is a

bi - CMOS chi p which includes actuator 10 control block 110, spindle notor
control block 120, and support functiqon bl ock 130. - Power
chip 200 is a DMOS chi p which includes actuator power bl ock 220 and
spi ndl e power -bl ock 210, each power bl ock having a plurality of power
FETs (shown in FIGURE 3). 15 Act uat or power bl ock 220 supplies a
selected current to the v0|ce COI| not or 300, while spindle power

bl ock 210 Qf Byt Baleld B 3 Bt INVENBIONIl e not or 400.

Actuator control bl ocm&y}eusesi:éweewoa%eﬁﬁsofIﬂﬂeegresent inkdeht i8h! 8hd
Splitior 114 At pdantaggh, REF Hasf uBdBpstocd bY arert i o FIRGRES
exanpl e, a part dFBdwgﬂﬁhﬂ deagigs, like puneza&srnylnhloskd folD likesapgl i es

an i npUt vol E t actuator current.
Thi s Yol tagggﬁf’?%‘ﬂ'{gee’ra%g%@ e Vggézs’ﬁs AP, 1 U

f
Alifier 114 produceReERFTARDEC SYGVER br Poravesal Phodhdilagran ofcaval
current passing diskudivectinadccorddfcowitnthagimrghtion is shown. Hard

disk drive 1 includes a plurality of disks 21 mounted on a
rotatable spindle 22. The spindle is rotated by a spindle
10 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,
also known as a voice coil motor or VCM (not shown). The

15 read heads 12 detect magnetic flux changes on the surfaces
of the disks 21. Each flux change produces a signal which
is read by a pre-amplifier 30. The pre-amplifier 30
transmits the signal to read-channel 40, which decodes and
otherwise processes the signal. An example of a function .

20 performed by read channel 40 is 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 also includes an application-
specific integrated circuit (ASIC) 52, which processes the
decoded data and communicates with the read channel 40,
dynam1c RAM unit 61, static RAM unit 62, flash memory unit

30 63, and digital signal processing block 73.

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



anplifying the voltage drop across sense resistor 310. Err
sanplifier 112 receives the output of sense anplifier 114 (Vferr]),
the output of |ow pass filter 111 30 (V[err]), and a reference vol
fromreference source 115 "(VREF), which may be generated on control

chip 100. Error
out put of

anplifier 112 takes the difference between the
sense anplifier 114 and the output of |ow pass filter

9 This difference voltage is then conpared to the reference

voltage fromreference source 115, and the difference

voltages is anplified to produce a target 8 voltage (V[err]). The
target voltage is proportional to the 5 difference between -the
desired and actual actuator currents, with a voltage offset,

fol |l ows: _
target voltage

descri bed bel ow.

(1) Vierr] =C* (V[err]-V[err]- Verr]) 10
he desired vplta acr C

72. DigitalRefgnal rpyocesFLBUWRELGGK &ttt sends sogpald| v

or

t age

111.

~“between the two

as
The

nodes 301

and 302. This de f%’%%ss&ﬁgvfﬁﬁc\}bﬁyagg'i gngsas &é&t%taa;??i@ﬁar?%%mﬁtﬁﬁkgft?ﬁ be

k 220

incl udes FETs 22}p2d#. chbher88t @1otks a9 2#d 2240" @mfidhtkel cHigHr 169t put
signal s from act yat,or tor control blocﬁlllo, %nd nore specific
SFIﬁFgD e spindle and ac

from act uat or not

5
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15
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30

tﬁqv%hat actions t tuator motors
should take next. Support function block 130 on control
chip 100 performs support functions described below.

Referring to FIGURE 2, a functioﬂal block diagram of

. the disk drive motor power and control circuitry is shown.

Control chip 100 is a bi-CMOS chip which includes actuator
control block 110, spindle motor control block 120, and
support function block 130. )

Power chip 200 is a DMOS chip which includes actuator
power block 220 and spindle power block 210, each power
block having a plurality of power FETs (shdwn in FIGURE 3{.
Actuator power block 220 supplies a selected current to the
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,
which may be, for example, a part of digital signal
processing block 10, supplies an input - voltage
representative of the desired actuator current. This
voltage is filtered by low pass filter 111. Sense
amplifier 114 produces an output signal proportional to the
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 (Vgue), the output of low pass filter 111
(Vineor) » and a reference voltage from reference source 115
(Vaer) » 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.

ally



amplifier ,113. The high side FETs 221 and 223 have drains connect ed
,to a high voltage, while the | ow side FETs 222 and 224 have sources
connected to ground. The sources of 20 hi gh side FETs 221 and 223 are
connected to the drains of | ow side FETs 222 and 224, respectively,
and to the actuat or notor nodes 301 and 302, respectively.

Referring once again to FI GURE 2, actuator notor predrive anplifier
113 sends anal og output signals to the 25 gates of power FETs 221-224
(shown in FIGURE 3), which act as vol tage-control |l ed resistors.
During normal operation, actuator ngtor predrive anplifier 113 turns
of f one high side FET 221 or 223 and one l'ow side FET .222 or 224.
The two FETs turned off are not connected to the sanme node 301 30

or 302. Thus, one high side FET will act as a controlled resi stance
bet ween actuator notor 300 and the voltage source, while one | ow
side FET will acthis diffesence|eeltage is (thenscompardsbitesheate ferencernt or

300 and ground. 4$Iﬁ&%%0rfrom reference source 115 and the difference 10
not or predrive 13 can iherefqre co dlrectlon

and nagni t ude o?bn%mée:éﬁ[thﬂ gW’n§° HERH S a@f“ﬁgg‘&'ed to Prﬁg{"&? 30b2r9

Act uat or not or pYQ&hagae(ﬁapthieheltSrgmhlnnhxauhels propuaﬂishahcés e FETs
221-224 sosthat gferaQircage Hagluesn Jthe 3QhandcR821 eyat gatde

target voltage cal culated in uatlon él above. . Actuator notor

predrive anplifiEWraepts, "ithtﬁéW%ﬁ§i9§ off3et s 2% TOLLOWS hput vol tages
I ndirectly,

(1) Vomeer = © ** (Vinpur = Vsense = Vier)

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

Referring to FIGURE 3, actuator power block 220
includes FETs 221-224. The gates of FETs 221-224 receive

15 four output signals from actuator motor control block 110,
and more specifically from actuator motor predrive
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

20 high side FETs 221 and 223 are connected to the drains of
low side FETs 222 and 224, respectively, and to the
actuator motor nodes 301 and 302, respectively.

Referring once again to FIGURE 2, actuator motor
predrive amplifier 113 sends analbg output signals to the

25 gates of power FETs 221-224 (shown in FIGURE 3), which act
as voltage-controlled resistors. During normal operation,
actuator motor predrive amplifier 113 turns off one high

- 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

30 or 302. Thus, one high side FET will act as a controlled
resistance between actuator motor 300 and the voltage
source, while one low side FET will act as a controlled
resistance between actuator motor 300 and ground. Actuator



tHrough mani pul ati on of the gate voltages of FETs 221-224. 10

. Spindle control block 120 includes control |ogic block 121, voltage
controlled oscillator 122, nultiplexors 123 and 127, commutation
state machine 124, spindle predriver 125, back- EMF sense- and- conpare
bl ock 126, and sunmi ng anplifier 128. Control logic block 121
receives from15 digital signal processing block 70 a three-bit contro
i nput whi ch selects the desired runni ng node of the spindle not or .
Possi bl e sel ected nodes include startup, run, coast, and brake.

In the startup node, control logic block 124 sends a 20 . signal to

mul tiplexor 123 so that commutation state nachine 124 is advanced by
an external signal fromdigital signal processi ng block 70 on input.
line 123a. In the run node, control logic block selects

mul tiplexor 123 so that comut ati on state machine 124 is advanced

by a signal fromP@kor pregicigeamdifier|Ed 63ri thenafpreopontrol both theg j g

wel | under st ood idaré&€icH fanaf mslpfitudei ¥¢ @PRAO| flowing titduyH k¥uator
commutation state nac?b@e 124 produces six out put signals which
control high side 5R8 TOW si de power FETs for each of -the three
phase inputs 401-403 3¢tusolOmotosppredieivent erphiDhier Uk sdjwsksit ktbe

state machi §e 124esjistanced N6 LUBBTS P2 POIRATINEA thd volWabeh®ethEds
211-216 (shown n, Fl 3) in_synchronization with the rotation of
spi ndl e not or 40@°985aé°}oa%§%%§‘¥lﬁésdg§? rERAF9eS qeitage calculated in
spi ndl e not or 40@quatian (@)ampbee. Actilacorumotmxiqredirhee amplifier 113
therefore ™“amplifies” its input voltages indirectly, -
through manipulation of the gate wvoltages of FETs 221-224.
10 Spindle control block 120 includes control logic block
121, voltage controlled oscillator i22, multiplexors 123
and 127, commutation state machine 124, spindle predriver
125, back-EMF sense-and-compare block 126, and summing
amplifier 128, Control 1logic block 121 receives from
15 digital signal processing block 70 a three-bit control
input which selects the desired running mode of the spindle
motor. Possible selected modes include startup, run,
coast, and brake. |
In the startup mode, control logic block 121 sends a
20 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,
control logic block selects multiplexor 123 so that
commutation state machine 124 is advanced by a signal from
25 voltage controlled oscillator 122.

' As is well understood in the art . of disk drive control
circuitry, commutation state machine 124 produces six
output signals which control high side and low side power
FETs for each of the three phase inputs 401-403 of the

30 spindle motor 400. The 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 as to provide the desired torque to



desired torque will be in the direction of rotation of spi ndl e not or
. 400, while in the brake node the desired torque will be in the

opposite direction. 5 In the run node, back- EMF sense-and-conpare
bl ock 126 - receives an input signal from nodes 401-403 indicative of
the EKF generated on the idle (undriven) one of the spindle not or
phase inputs 401-403. This back-EMF signal is conpared to the
out put of the commutation state nachine 124 10 to determ ne whet her the
out put of the conmutation state machine 124 is in the desired phase
relationship with the actual rotatiqq of the spindle notor 400.

If the comutation state machine 124 is out of phase with the
rotation of the spindle notor 400, then the 15 desired torque will not
be applied to the spindle notor 400 and the desired rate of rotation
wi |l not be achieved. To _ correct this situation, the back-EM
sense- and- conparsPindle mofogcld0026 WFer eHampbkee b §her &48e mode, ottheut

giognal dt 0 t%éél&e}iohfoa:gﬁt \AﬁcoﬁtmolseeChxps?a%IaipéﬁtL%a o a&:ﬁa@macrﬁai;or
ecrease e a i onmu ate

i s advanced, thﬁp%fﬁﬁleed'ﬁtﬁj t@g pﬁ"z"# ré1“af¥i &ﬁﬂ‘e flrode 2y tfgpired

conmut ati on st atonmehiwadl 19¢l iandheheppos ftte alirectibn. spi ndl e not or

400. 5 Ref gfr tﬁ‘é) Pt Exb@e’REbQ)ck-%ﬁﬁn@leﬁsQD&Q&-&%‘ﬁ%&ebiaP&i‘k 2112% 25
i ncl udes FETs 211-216. The gates of 16 rece Si X

bits of output f?%ﬁﬁ%ﬁﬁsnépel PBrskﬁﬂﬂQWﬂr°BIB€ﬂes 401- 40?26nd1CQFEYQNQﬁ1
side FETS 211,theENF gérdratadeon dih ddle (undrigennemiecdfl aha spirdle

Connected o gr upY TRERE ThpHeE dgi-dos,, s HANMMERTUGREY 4u |
connected to theSWPAERS B9 the outpylpisithe W‘:EEQOY‘ Stptermgchine 124 |

respecti valoy, anﬁot@eﬁaxﬁdaleewhether BRé ObutpuPWf i ommb@dtiOs, state

;affgﬁéhngymhllﬁth%ne 1?4 is in tﬁéa' Ie::‘ecl pggsglggié%lonsﬁgg %% Iéhe

actual rotation of the spindle motor 400. '

If the commutation state machine 124 is out of phase

with the rotation of the spindle motor 400, then the

15 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

the voltage controlled oscillator 122 so as to increase or

20 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.

Referring to FIGURE 3, spindle motor power block 210

25 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,

214, 216 have sources connected to ground. The sources of

30 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 hiéh side FET 211 is switched on while low



12° si de

FET 212 is swtched off{ the supply voltage wll 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 Fl GURE 2,
spindle notor 400 is 5 a three-phase notor, as is well understood in

the art. To

provide torque to the notor, one of the nodes 401-403

nmust be at a high potential, while another one of the nodes nust

be grounded. Conmutation state machine 124 and spindle predriver 125
switch FETs 211-216 in succession to provide 10 the desired torque to
spi ndl e notor 400. The spindle & or control block 120 can
control the current driving the spindle notor 400 by neans of either
pulse width nodulation or |inear current control. Mul ti pl exor
127 receives a select input at input port 127a 15 whi ch det erm nes

whet her pul se width l,on or current control

used. A pul se wi i % % ort® swi b8 49‘?1%5 e é”&‘@?gﬁdv% 39t ﬁﬂ‘o?’f"
127b, while a |ineeplied to nagigr ABht Convepselky.gifl FEB 2rléce$veﬁf aitnd FBat
fi‘fi%eoﬁrgﬂééé 4B wR 11 B& Sy Rifhaelior exanpl e from di gi tal

port 127c.

20 si gnal processin

|nput type sel ect

. Multiplexor 127 suppl j.es
od biSLREELY Qoce; 2gin EPgh

5 Wheuhrpel-pbasn didtompdas ais ovelils undéestandi inhtheludst. To

cycle of the splnﬂ£

of the pul se w dt

ulat|

P ghLFUREG 26 pF dée m°t°r % dsi ver
t%uttagtmé‘gﬁﬁlcow%obke&@wag 491-4041HhiecYCl ©

nodul ation si gnal ?étl G\A}‘l‘ilhé"’é'-ﬁpﬁtﬂje Whéde j angther one %FP& P‘Pféeﬁd@’éé: of

| ow si de FETs 212be 2§douritdea.t 0 q:smwition staté hnachirei 128

tdreb &sﬁEIﬂeof f.

In this state, nopf§§¥q%@% 125 swit O?ET% lﬂﬂlssgh”g&éérg¥ﬁgﬁ €90 n the

pul se width 30

normal |y arfdd t ur ntherdesigedppenmre alcespemﬂb¢ G@QIE‘NQQ

i on” si gna | e pre

comut ation state machime sbihd1EhHStof Usdriol block 120 can control the
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current driving the spindle motor 400 by means of either

pulsé width modulation or linear current control.
Multiplexor 127 receives a select input at input port 127a
which determines whether pulse width modulation or linear
current control is to be used. A pulse width modulation
signal is received at input port 127b, while a 1linear
current control signal is received at input port 127c.
These signals may be received, for example, from digital
signal 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
duty cycle of the pulse width modulation signal. When the
pulse width modulation signal is low, the spindle predriver
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 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

rrver é%ates
|nd|cated by



13 flows through spindle notor 400 only when the pul se wi dth
.nodul ation signal is high. When linear current control is

sel ected, an analog - control signal which is proportional to the
desired spindle 5 notor current is received by sunmng anplifier 128.
Sense resistor 410 is connected 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 t he actual current
fl owi ng through spindle notor 400. 10 Anplifier 128, subtracts this
voltage from the I|inear current control voltage, and supplies an
anal og out put signal to spindle predﬂ?ver 125, which applies this
vol t age to the gate of the | ow side power FET 212, 214, 216 .
presently selected by commutation state nachine 124. The 15 sel ected
low side power FET wll then act as -a t ransconduct ance

?rrp![ ihf i er'E C;)nd]lcjcftliolwg., through r_slﬁi@!dgéemogr%r 4@?1:&@3; g%hcﬁhé SolRP Ui egnal
0] e output o . e voltage drop across sense
d%ﬁghhgigﬁ %ﬁﬂﬂﬁl %88?+ﬂ9

resistor 410 will be : 1inear current command signal when
t he actual 20 cur rdhenf Lénpay cwrrangh cpitmile iotswletdedi s anqualalbg t he

current comandedoh¥réDiigha®’ wid: is proportionStPRP thel HQﬁﬂlééHI %r;lg,a'ie.l?’o

cont ai ns voktage nit or 133,, actuator retract _bl oc Spi ndl e
br ake bIockg dg%iéZ?“rrgﬁﬁlEigﬁe?ﬁﬁﬁqgo Y1 SY™RRG (BPd 1EART YRRy v Sedseage
25 recei ved byresisthar 410 5% ahnnected\Mhetwddre theppbyryes tafj@ow sidedr ops
bel ow a threshol dgravehz, vohyade1BORhLE O ngk: ; faaul t si.gnal to
actuator retract plock 131 and sping?e 8 a§§u§§a€§t€hﬁi§%'13f$% v&ié%ge

Actuator retract BPBcREHCEF SERES ieSishpnt41] dsarhergfore3proportdamsle tbr om
digital signal pribeesactnnlbl cukrety, fletrired | BBrough sphedid hfot&ad glvgad

shoul d be §gtractyggte; (£ e di sk.on which daja is .not
stored.  This négebcgﬁggmﬁgﬁﬁ Slotdits i vo128ge" fron the inear

current control voltage, and supplies an analog output
signal to spindle predriver 125, which applies this voltage
to the gate of the low side power FET 212, 214, 216
presently selected by commutation state machine 124. The
15 selected low side power FET will then act as a
transconductance amplifier, conducting a drain-source
current which is proportional to the output of amplifier
128. The voltage drop across sense resistor 410 will be
equal to the linear current command signal when the actual
20 current flowing through spindle motor 400 is equal to the
current commanded by amplifier 128.
Support function block 130 contains voltage monitor
133, actuator retract block 131 and spindle brake block
132, Voltage monitor 133 monitors the supply voltage
25 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. '
Actuator retract block 131 receives input signals, for
30 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 supély voltage



power to the hard drive is |lost, when the supply voltage
, 14 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 desirabl e because each read head is 5 literally flying
on a cushion of air above its respective di sk surface. A read head
will "crash”" into the disk if the disk rotation rate decreases to a
critical |evel. Theref ore, when power to the spindle notor is |ost or
di m ni shed, the head nust be noved to a safe area of the 10 di sk where
it can "land.” To this end, when actuatorig retract block 131 receives
a fault signal fromvoltage noni tor 133 on input port 131a indicating
a loss of supply vol tage, an output signal is sent to actuator notor
predrive anplifier 113 causing fast retraction of the read 15 head.
Wien a head retract is requested for, sone non-critical reason, a
d&"ffeg@yto t he

sl ower retracti ofi*f¥% o5 TREN the RLYe 18, oP@rked” by e psgr

read heads causededsporsudden accel eration. Thus, when a'retract signal

s received on 20 yiRULRROpphY o1 BELLAU- JuSREACE R Gk ASLiGENGS an
out put signal to actuatof’ tor predrive anpl(fi'er causli ng,
slow retraction bRetFeadeh®adsads desirable hgeagseheaghr Feghsihedd VIS is to

be shut dovh, itliterally flgdngabheatcustionworhaidi Skevd Ate0RebpbeeNe/,

gradually 25 3ioii QU061 " "R %ad ne@hahh Pf «Sildx 3nkh' L2 SPOEF 1S
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

10 disk where it can “land.” To this end, when actuator
retract block 131 receives a fault'signal from voltage
monitor 133 on input port 13la indicating a loss of supply
voltage, an output signal is sent to actuator motor
predrive amplifier 113 causing fast retraction of the read

1s head. |

When a head retract is requested for some non-critical
reason, a Slower retraction is desirable so as to avoid
potential damage to the read heads caused by sudden
acceleration. Thus, when a retract signai is received on

20 input port i31b, 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

25 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.

30 Thus, spindle brake block 132 receives input signals,
including the output signal from voltage monitor 133,
indicating when the rotation of the épindle motor 400
should be stopped. In response to these signals, spindle



reached. At the critical speed, it is desirable to stop the rotation

~of the disks suddenly, so that when the read heads "l and," they need
not travel a long distance in contact with the disk surface. 30
Thus, spindle brake bl ock 132 receives input signals, i ncl udi ng the
out put signal fromvoltage nonitor 133, I ndi cati ng when the rotation
of the spindle notor 400 shoul d be stopped. In response to these
signals, spindle brake bl ock 132 sends an out put
signal to comutation state machi ne 124 causing it to reverse the
direction of the torque applied to sgigndl e notor 400. The
anount of power which nust be driven by power chip 5 200 varies with the
power requirenments of the actuator and spindl e notors used. For each
particul ar conbi nati on of actuator and spindle notors selected for a
hard di sk drive nodel , a power chip 200 can be designed and

manuf act ured to brake bkogk 4R SRNGSr anreufinute rbonal ¢ chrmwirbion stathus,
a 10 di f f er entmaebBe @higp da%sﬁ.ﬁ&uh.‘:e(iof Yevddsh &aEDIAIZEEONoR of the

211 “power  ohi pe. GeTRBRCEPATE Gre FPLRTEE HITO" 406 aocordance wih the
invention utilize idefikécamiountipaf power whigmalustfbedxailvencbwtpaver kihgpl100.
Thus, the SSMe el berdes withCenb @hudiliqldPekait PGITRY Heiin @l HANCT
chip 200 and nmbi nati on of sk drive notors 300, ) Thi s
results in con5|d§P§%ﬂ§ 58§?r§a9??&5 |$P?ﬁﬁﬁﬁ@ﬂﬂﬁfﬁﬁﬁ§ ﬁ%rﬁPmbinathH|§ﬁ
drive units. Anotdutuatoraridgpindlé hedtdxat Bepatted for a hard disk drive
model, a power chip 200 can be designed and manufactured to .
meet the power requirements of the motors. Thus, a
10 different power chip is required for each combination of
motors. However, one advantage of the above-described
system is that all power chips designed and constructed in
accordance with the invention utilize identical input
signals from the control chip 100. Thus, the same generic
15 - control'chip 100 can be used with any power chip 200 and
any combination of disk drive motors 300, 400. ' This
results in considerable cost savings in manufacturing hard
disk drive units. Another advantage is that both pulse
width modulation and linear current control can be used to
20 control the spindle motor 400.

While the invention has been particularly shown and
described by the foregoing detailed description, it will be
understood by those skilled in the art that various other
changes in form and detéil maj be made without departing

25 from the spirit and scope of the invention.



wi dt h nodul ation and Iinear current control can be used to 20 control
.the spindle notor 400. Wil e the invention has been particularly
shown and descri bed by the foregoing detailed description, it wll
be understood by those skilled in the art that various other

changes in formand detail nmay be nade w thout departing 25 fromthe
spirit and scope of the invention. WHAT IS CLAI MED

| S: 1. 'A method for driving hard disk drive spindle and

actuator notors, conprising the steps of: generating actuator
notor control signals at an 5 actuator gentrol circuit formed on a first
substrat e; generating spindle notor control signals at a spindle
control circuit fornmed on the first substrate; recei ving the
actuator notor control signals at an actuator power circuit formed on

a second substratﬁ! iqg ég I genqrating actuat or notor power signals; and
recei ving the spi signals at a . Spi ndl e power
circuit formed on thelsecoRAdusthuslt fat ejriaricthg hard dislerdativagspindid @ndot or

power signals. Jé:uaﬁ:or motérs, c}%@g?ﬁiﬂé’%ﬁ e %g{,f;, wherein the step

: s

of generating the actuator contr Sl s further
conprises the steps offenerating actyahernioficx, COREEMt FdOBALA R r A
conduct ed by the actuator control circuit formed on a first substrate;

generating spindle motor control signals at a spindle
control circuit formed on the first substrate;

receiving the actuator motor control'signals at an
actuator power circuit formed on a second substrate, and

10 generating actuator motor power signals; and

receiving the spindle motor control signals at a
spindle power circuit formed on the second substrate, and
generating spindle moto; power signals.

is 2. The method of Claim 1, wherein the step of
generating the actuator motor control signals further
comprises the steps of: _

sensing at a current meter a current conducted by the
actuator motor and generating a sense output signal;

20 receiving at an error amplifier a 1linear current
command signal and the sense output signal, and generating
an amplified error signal; and

receiving at an actuator motor predrive amplifier the
amplified error signal, and generating the actuator motor

25 control Signals.
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actuator notor and generating a sense output signal; 20 recei ving
at an error anplifier a linear current command signal and the sense
" out put signal, and generating an anplified error signal; and
receiving at an actuator notor predrive anplifier the anplified
error signal, and generating the actuator notor 25 control signals.
3. The nmethod of Caim1l, wherein the step of generating the spindle
notor control signals further conprises the steps of:
receiving at. a voltage-controlled oscillator an 5 oscillator control
signal and generating an oscill ator pmt put - si gnal ; )
receiving at a commutation state nachine the oscill ator output signa
and generating a plurality of transi stor selection signals; 10
receiving at a spindle predriver the transistor sel ection signals

fecelving at o phase dot ecsy BREAE RS Gim cFecpRERets | thegisken (08
phase i ndi cati ongengnating orbhehespiidid emdSor canturol aatiormkmer 4urkher he
osci |l |l at or contrgbmggfggg.the steps of: |
receiving at a voltage-controlled oscillator an
S oscillator control signal and generating an oscillator
output signal;
receiving at a commutation state machine the
oscillator output signal and generating a plurality of
transistor. selection signals;

10 receiving at a spindle predriver the transistor
selection signals and generating the spindle motor control
signals; and

receiving at a phase detector the transistor selection
signals and a phase indication signal from the spindle

15 motor, and generating the oscillator control signal.

* C L M S *



18 4. The nethod of Claim 1, wherein the step of

.receiving the actuator notor control signals and generating t he
actuat or notor power signals further conprises the steps of: 5
receiving at a gate termnal of a-first actuator power transi stor a
first one of the actuator notor control signals, and providing by the
first actuator power transi stor a selected resistance between a
vol t age source and a first input port of the actuator notor; 10
receiving at a gate termnal of a second actuator power transistor a
second one of the actuator notor control 18 Signals, and providing by
the second actuator power transi stor a selected resistance between
a ground potenti al and the first input port of the actuator notor; 15
receiving at a gate termnal of a third aCtuator power transi stor a
third one of the actuaBor mot or contr ol ) nal s, and providing by the
third actuator power Theynaethed &fseq]éd-t“bd r esherait o thet vitkap t 0B

~ vol tage source receiwichg thecocﬂaatbpuhow tcoﬁi:r&h%;@i‘ahﬂéltél{d Wratiﬂ 20
receiving at a gatg et | 0 ac, _ anS|
the eJc@tﬂﬂ:or OQ:OE: LHOR«{% él%aglsg éﬂr§f‘e§n 8°BP5 7e5 ng}l

- fourth one of the actuator notor contro

the fourth actuat Gtepsvef: transistor a selected resistance betmeen
the ground s pot entécdiving atica sREENCeiniiall 884 kst hecafdtddt powdpt or .

25 transistor a first one of the actuator motor control
signals, and providing by the first actuator power
transistor a selected resistance between a voltage source
and a first input port of the actuator motor:;

10 receiving at' a gate terminal of a second actuator
power transistor a second one of the actuator motor control
signals, and providing by the second actuator power
transistor a selected resistance between a ground potential
and the first input port of the actuator motor:; "

15 receiviné at a gate terminal_of a third actuator power
transistor a third one of the actuator motor control
signals, and providing by the third actuator power
transistor a selected resistance between the voltage source
and a second input port of the actuator motor; and

20 receiving at a gate terminal of a fourth actuator
power transistor a fourth one of the actuator motor control
signals, and providing by the fourth actuator power
transistor a selected resistance between the ground

potential and the second input port of the actuator motor.
25

A



19 5. The nethod of Caim 1, wherein the step of

recei ving the spindle notor control signal s and gener ating t he

spi ndl e notor power signals further conprises the steps of: 5
receiving at 'a gate termnal of a first spindle power transi stor a
first one of the spindle notor control signals, and providing by the
first spindle power transi stor a selected resistance between a
vol t age source and a first input port of the spindle notor; 10
receiving at a gate termnal of a second spindle power transi stor a
second one of the spindle notor control 19 Ssignals, and providing by the
second spi ndl e power transistor a selected resistance between a
ground potenti al and the first input port of the spindle notor; 15
receiving at a gate termnal of a third spindle power transi stor a
third one of the spindle notor control i gnal s, and providing by the

third spindl e power 3. Thandethed anseFéé!Jed nesvhenaide Boe WS&RP! AL

vol tage source recen&ﬂdgatﬁﬁﬁgyﬂidlépﬂété&”éodﬂio&h91§ﬁﬁﬂ§“dhd”35ﬁéraeihg
receiving at a gage ternl a fourt sistor a

e f
fourth one of the ShiR &ngrmnfoo ch?l"ferroISJ'gnQis ‘lﬁr&[ﬁ)‘ﬁfsco"éﬁfd'sﬁrso%ﬁﬁl FE°RY the
fourth spindle po&ﬁt transi stor a sel ected resistance between the

ground 5 potenti a're@@@viﬂ&? aﬁteCaOBQté %Mﬂ o@f t@&ssamsryihalavf,&&er 25
receiving at a gate terglnal a fifth Spln transistor a

fifth one of the SPIHHISE ot dr fc?tfr?ttr ofne tg?grf‘éﬂlé‘dlearfﬁ"t% ofPRFFRL by
the fifth spindségngsser and providimsgstloy atlsel efivat r apiatidacepbeéreen

the vol tage SOUfC@ransistoran s@l&@éé&laﬁéﬁ%%aﬂgﬁt bﬁf:wé&e chmmge”g&%ce and

30 rece|V|qg at_a gate termn
a first input port of the spindle motor,
10 receiving at a gate terminal of a second spindle power

transistor a second one of the spindle motor control
signals, and providing by the second spindle power
transistor a selected resistancé between a ground potential
and the first input port of the spindle motor; .

is receiving at a gate terminal of a.third spindle power
transistor a third one of the spindle motor control
signals, and providing by the third spindle power
transistor a selected resistance between the voltage source
and a second input port of the spindle motor;

20 receiving at a gate terminal of a fourth spindle power
transistor a fourth one of the spindle motor contreol
signals, and providing by the fourth spindle power
transistor a selected resistance between the ground
potential and the second input port of the spindle motor:

25 receiving at a gate terminal of a fifth spindle power
transistor a fifth one of the spindle motor control
signals, and providing by the fifth spindle power
transistor a selected resistance between the voltage source
and a third input port of the spindle motor; and

30 receiving at a gate terminal of a sixth spindle power
transistor a sixth one of the spindle motor control
signals, and providing by the sixth spindle power

* c L M s * :



transistor a sixth one of the spindle notor control - signals, and
provi ding by the sixth spindle power

20 transi stor a selected resistance between the ground

potential and the third i nput port of the spindle notor. 6.
The met hod of Caiml1, further conprising the 5 step of receiving at the
actuator notor the actuator notor power signals, and positioning by
the actuator notor a plurality of read heads in response to the
-actuat or notor power signals. 10 7. The nethod of C aim
1, further conprising the step of re@® ving at the spindle notor the
spi ndl e not or power signals, and providing by the spindle notor a

t or que to a hard disk drive spindle in response to the spindle

not or power signals. 15 . _
transistor a selected resistance between the ground
potential and the third input port of the spindle motor.

6. The method of Claim 1, further éomprising the

-] step of receiving at the actuator motor the actuator motor

power signals, and positioning by the actuator motor a

plurality of read heads in response to the actuator motor
power signals.

10 7. The method of Claim 1, further comprising the
step of receiving at the spindle motdor the spindle motor
power signals, and providing by the spindle motor a torque
to a hard disk drive spindle_in response to the spindle
motor power signals.

15 '

* [ L M H *



21° 8. A hard disk drive system conpri sing: a
_spindle nmotor control circuit formed on a first substrate, for
generating a plurality of spindle notor control signals; 5 a
spi ndl e notor power circuit formed on a second substrate, for
receiving the spindle notor control signals and for generating a
plurality of .spindle notor power si gnal s; an actuator
notor control circuit formed on the first 10 substrate, for receiving a
| i near current command si gnal and for generating a plurality of
.actuator notor control si gnal s; 21 an actuator notor power
circuit fornmed on the second substrate, for receiving the actuator
notor control signals 15 and for generating a plurality of actuator

not or power si gnal s; at | east one disk attached to a

rotatable spindle, thg  a pard 35?%?&@1% 3yoREReL LG T8Fhym for storing

dat a; a spi ndl e notor recei Vi ng and "bei ng energi zed bg 20
the spindle notor power SBiBRARSMOLAE FBRLEXht FoFFRMYg formed on “a, &igsfon of

t he spindl g; substrateAa [fbyr ajenkyatingli ak prazdibeadsfadpandbé motbhe

di sks; an . an actuator notor for receiving and being
energi zed by 25 gonfﬁ%}eﬁﬁqﬁﬁﬁgf not or power signals, and for controlling
t he %osition ot sedndlsk W&E [ROM@s. circuit formed on a second

substrate, for receiving the spindle motor control signals
and . for generating a plurality of spindle motor power
signals;’ . .
an actuator motor control ciréuit formed on the first
10 substrate, for receiving a linear current command signal
and for generating a. plurality of actuator motor control
signals; ' ,
an actuator motor power circuit formed on the second
substrate, for receiving the actuator motor control signals
15 and for generating a plurality of actuator motor power
signals; '
at least one disk attached to a rotatable spindle, the
disk having a magnetic medium for storing data:
a spindle motor for receiving and being energized by
20 the spindle motor power signals, and for controlling the
rotation of the spindle;
a plurality of disk read heads adjacent to the disks;
and '
an actuator motor for receiving and being energized by
25 the actuator motor power signals, and for controlling the
position of the disk read heads.

*# C L M § *x



22° 9. The hard disk drive systemof Caim8, wherein

_the spindle notor control circuit conprises: a

vol tage-controll ed oscillator for receiving an oscillator control
signal and for generating an oscillator 5 out put signal; a
comut ation state machine for receiving the osci |l | ator output -signa
and for generating a plurality of - transi stor selection signals;

a multiplexor for receiving a node selection signal, 10 a pulse width
nodul ation signal, and a linear current control signal, for selecting
one of the pulse width nodul ati on sigdal and the |inear current
control signal in response to the node selection signal, and for
generati ng an output signal equal to the selected one of the pulse 15
wi dt h nodul ati on signal and the linear current control si gnal

a spindle predriver f recﬁlievihr;%dt gﬁa}‘r89%’%%?"*5‘*&@&%3%3@ ' ongg‘%gg?%s

and the mul tipl exor output ‘signa ) . ti t hé
nmot or control sighkBesSPinftlep@otor contrplpisdseulibt canpnisksr receiving a

|tohase_ i tndi cation a SivHaghremmi A 19 NALELiID QY EOF NAcRiivwing t &€
ransi st or

sgl ti%p siggalf tronhthe cgnnutatlog,state naqﬁine and
for generating t h&GEtIa Pkt §PREERT (9ngitgAlf For generating apy) oscgllapar g
di sk drive systemestp@ as¥gr@l;wherein - the spindle notor control
signals conprise a high si8fmutationCOBkhel Sh@bRIn&N%kdt ! %c%'i@‘r%naontﬁel
signal, the Iom15|de,ll' COﬂtrObﬂZﬁgﬂﬁl 8e|ng an ana[og SE%SF i
proportional to tQ&ctilator pptppt apgnfoh) genegALing ra (HanaliEy, of
current control 3®@ransistpralselecsdédbrcdigghalisie | ow side control signal being
a di gital signal &E¥%§ié§gglfgg Fosa AH wh ? ti.on, .
signal if the pulse w %IP& o uJ] at1on si gna? | sn%g(aa] eg gdmaon glgnal'
10 a pulse width modulation signal, and a linear current
control signal, for selecting one' of the pulse width
modulation signal and the linear current control signal in
response to the mode selection signal, and for generating
an output signal equal to the selected one of the pulse
1s - width modulation signal and the linear current control
signal; _

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

20 a phase detector for receiving a phase indication
signal from the spindle motor, for receiving the transistor
.selection signals from the commutation state machine and
for generating the oscillator control signal.

25 10. The hard disk drive system of Claim 9, wherein
the spindle motor control signals comprise a high side
control signal and a low side control signal, the low side
control signal being an analog signal proportional to the
linear current control signal if the linear current control

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

* c L M S *



23" 11. The hard disk drive systemof Claim8, wherein

the spindle notor power circuit conprises: a plurality of output
conductors, each output conduct or being connected to a corresponding
I nput port of 5 the spindle notor, each output conductor conducting a
correspondi ng one of the spindle notor power signals; a
plurality of high side power transistors, each transi stor having a
gate termnal for receiving a correspondi ng one of the spindle notor
control signals, a 10 drain term nal connected to a voltage source, and
a source term nal connected to a corraspondi ng one of the out put
conductors, each transistor providing a selected resistance bet ween
the vol tage source and the correspondi ng out put conductor; and 15

a plurality of low side pomer transi stors, each ' transistor havi ng

a gate termnal for receiy, oy r.espondi n of, the |ndle
notor control signal s?‘ia Y & hazsrEek é{"‘r}i"ﬁalﬁyﬁbﬁﬁe‘&feﬁli’ﬂ“ a gr
potential, and athe spigdié matempruer coirmuittedomprisesr r espondi ng one of

the 20 out put condyct i¥1§ra§§€@ té@“%@éxﬁﬁ: prc%YxBQbE&r@ sed£4f ebutput
resi stance between the round ot ent i al

correspondi ng outFREVEERKIRYIGE. connected to a c?Ereslﬂﬂé‘dH&gdlﬂP‘é‘R RANL OF
system of CBaim &Mesmndltdﬁemaﬁor. eathatowtpabt cdondantoo| condooting a

conpri ses: correng gﬁ%q¥ﬂﬁ%kcﬁhéo§?fﬁﬂfﬂ ﬁgtgrﬁﬂﬁkﬁpglgﬂgﬂgcted by

t he act uat or ener at a sense ‘out put
a plurality of high s1de power tran51stors, each

transistor having a gate terminal for receiving a
corresponding one of the spindle motor control signals, a

10 drain terminal connected to a voltage source, and a source
terminal connected to a corresponding one of the output
conductors, each transistor providing a selected resistance
between the voltage source and the corresponding output
conductor; and

15 a plurality of low side power transistors, each
transistor having a gate terminal for receivingﬁ a
corresponding one of the spindle motor contrel signals, a
source terminal connected to a ground potential, and a
drain terminal connected to a correspondihg one of the

20 output conductors, each transistor providing a selected
resistance between the ground potential and the
corresponding output conductor.

12. The hard disk drive system of Claim 8 wherein the
25 actuator motor control circuit comprises:
a sense device for sensing a current conducted by the
actuator motor and for generating a sense output signal;
an error amplifier for receiving the linear current
command signal and the sense output signal, and for
30 generating an amplified error signal; and
an actuator motor predrive amplifier for receiving the
amplified error signal and for generating the actuator
motor control signals. ' '
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an error anplifier for receiving the linear current command si gnal
and the sense output signal, and for 30 generating an anplified error
signal; and an actuator notor predrive anplifier for receiving
t he anplified error signal and for generating the actuator

notor control signals. 24

13. The hard disk drive systemof Caim8 wherein the actuat or notor
power circuit conprises: a first output conductor connected to a
first input port of the actuator motor, for conducting a first one of
5 t he actuator notor power signals; 24 a first power transistor
having a gate term nal for receiving a first one of the actuator '
not or contr ol signals, a drain term nal connected to a voltage

sour ce, and a source termnal connected to the first output 10

conductor, the first p r ansistar . pr.oviding,a se ted , res|stance
bet ween the voltage sogﬁe 'lg{?dﬂ?%% %srk_gflgjq‘lﬁ? ps t tem o Sﬁxau%tngﬁrem Lﬁe
a second power tr&FSH3ERF MRBAIMForeygirauwdtcambrises: receiving a

second one of the actuat gLr8B! Ot idodldudBor cShdey td SOWigst! ehphpal
connected to a gr [ ' ' onnected to

the first output -%%Q.q 8%2%L%otﬁa?ﬁemgg%g’ngf%%dﬁggﬁ;g LISEoPPRi Af a

sel ected 5 redhet anteatnn wosert bewer aignapetential and the first

out put conductor; 20 g4 firstapéﬁ%¥”¥¥dﬂ%&@ﬂbrcﬁggiﬁﬁ(H Yeadnh? Bor

second TMPUC . B2ilu gl LNCeRELALL D) One ChoENT AIEL Congnd, o1

of contro

' signals, a drain terminal connected to a voltage source,
and a source terminal connected to the fi;st output

10 conductor, the first power transistor providing a selected
resistance between the voltage source and the.first output
conductor;

a second power transistor having a gate terminal for
receiving a second one of the actuator motor control

15 signals, a source terminal connected to a ground potential,
and a drain terminal connected to the first output
conductqr, the second power transistor providing a selected
resistance between the ground potential and the first
output conductor:

20 ’ a second output condﬁctor connected to a second input
port of the actuator motor, for conducting a second one of
the actuator motor power signals;

a third power transistor having a gate terminal for
receiving a third one of the actuator motor control

25 signals, a drain terminal connected to the voltage source,
and a source terminal connected to the second output
conductor, the third power transistor providing a selected
resistance between the voltage source and the second output
conductor; and |

30 a fourth power transistor having a gate terminal for
receiving a fourth one of the actuator motor control
signals} a source terminal connected to the ground
potential, and a drain terminal connected to the second

R



t he actuator notor power signals; a third power transistor
having a gate term nal for receiving a third one of the actuator

" nmotor control 25 signals, a drain termnal connected to the voltage

sour ce, and a source term nal connected to the second out put
conductor, the third power transistor providing a selected resi stance
bet ween the voltage source and the second out put conductor; and 30

a fourth power transistor having a gate term nal for receiving a
fourth one of the actuator notor control signals, a source term na
connected to the ground potential, ag8 a drain term nal connected to
t he second 25 out put
conductor, -the fourth power transistor providing a sel ected

resi stance between the ground potential and the second out put
conductor. 14. The hard djsk drive systemof claim8, . further . ..

conpri si ng: °utp£kzfQﬂéq9§§€’nﬁﬁ?t%#?régnqu§EeF§Fﬁiﬁ§§?ﬁlﬂﬁﬁy186ﬁgra :
vol t age, for det selected vexistancei betWeennplié goowrd potentialt agd, thad for

generating a-faulsheghdGitdut cBARRGSS [0 10 the detected decrease in the
i nput power voltage,; an actuator retract nmonitor, for receiving
the fault signal fromthe voltage nonitor and for supplying an
actuator resract signk.tTHechael ddbkr diiver sgeténi O£ - Claim @i, Clirtthien

response to the EBH££1§4&H¥“ ; and
a voltage monitor, for receiving an input power
voltage, for detecting a decrease in the input power
voltage, and for generating a fault signal in response to
10 the detected decrease in the input power voltage;
an actuator retract monitor, for receiving the fault
signal from the voltage monitor and for supplying an
actuator retract signal to the actuator motor control
circuit in response to the fault signal; and
15 a spindle brake monitor, for receiving the fault
signal from the voltage monitor and for supplying a spindle
brake signal to the spindle motor control circuit in
response to the fault signal.
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15

the spindle notor control circuit in

26

a spindle brake nmonitor, for receiving the fault si gnal
fromthe voltage nonitor and for supplying a spindle br ake si gnal

actuator notors,
fornmed on a first

response to the fault signal.
15. A systemfor driving hard disk drive spindle and -
conpri si ng: an actuator notor control circu

to

t

substrate, for generating a plurality of actuator

notor 5 control signals; a spindle notor control circuit
formed on the first substrate, for generating a plurality of spindle
not or control signals; an 2etuator notor power circuit
formed on a second 10 substrate, for receiving the actuator notor

control signals

act uat or

no

~and for generating and supplying a plurality of
tor power signals to the actuator notor; and

spi ndl e not or power ci{§ui§k

f t.h d , bstrate, f
recei ving the spindl e not of gg%?%'glf%ni SHS@I&E& lard gﬁﬁkf%‘lrji‘%erﬁgr‘gﬁﬁgar%d

a

suppl yi ng a pl ur aBFEyatsr Jsitegise compriaﬁ@gor power signals to the spindle
L6an Thet a2 oebr CodhtihdD. cRie! Rolhga SO gl £ oF
at or

not or .

control circuit ¢

for receiving

oscil | at or

5

10

15

20

25

30

a

gggtgga%@i%%?a?%ﬂeﬁﬁﬁ%PFoF it
sanprel s$igmals;
a spindle motor control circuit formed on the first
substrate, for generating a plurality of spindle motor
control signals;

a volt%gﬁ;controlled 0oScCl

an actuator motor power circuit formed on a second
substrate, for receiving the actuator motor control signals
and for generating and supplying'a plurality of actuator
motor power signals to the actuator motor;‘and

a spindle motor power circuit formed on the second
substrate, for receiving the spindle motor control signals
and for generating and supplying a plurality of spindle
motor power signals to the spindle motor. ‘

- 16. The system of Claim 15, wherein the spindle motor
control circuit comprises: | _

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

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

a spindle predriver for receiving the transistor
selection signals and for generating the spindle motor
control signals; and

a phase detector for receiving a phase indication
signal from the spindle motor, for receiving the transistor
selection signals from the commutation state machine and
for Qenerating the oscillator control signal.

R O A A

L1500 orSHeRER Bt BOkPTAN



a conmutation state nmachine for receiving the osci | I at or out put

_signal and for generating a plurality of 25 transi stor selection
si gnal s; a spindle predriver for receiving the transistor
sel ection signals and for generating the spindle notor control
signals; and a phase detector for receiving a phase indication
30 signal fromthe spindle notor, for receiving the transistor
sel ection signals fromthe commutati on state machi ne and for
generating the oscillator control signal.
27 17. The system of C ai m2Zb, wherein the spindle notor
control circuit further conprises a nultiplexor for recei ving a node
sel ection signal, a pulse w dth nodul ation signal, and a |inear
current control signal, for selecting 5 one of the pulse width

(o the mode selectiod?- The Ften ot i3l 8, GRReiR oo WihaiP wfelo>

equal to the contsllectcdgcuhe ofunttherpulcompwises reodpudtiphexdynaforand

t he | i nearrdddik@hil £ deOkebédidn sifnal, a pulse width modulation ‘
signal, and a linear current control signal, for selecting )

5 one of the pulse width modulation signal and the linear
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 :
linear current control signal.
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28 . 18. The system of C aim 15, wherein the spindle notor
power circuit conprises: a plurality of output conductors,
each out put conductor being connected to a correspondi ng i nput port
of 5 the spindle notor, each output conductor conhducting a
correspondi ng one of the spindle notor power signals; a
plurality of high side spindle power transistors, each transistor
having a gate termnal for receiving a correspondi ng one of the
spindle nmotor control signals, a 10 drain term nal connected to a

vol tage source, and a source t erm nal2&connected to a correspondi ng
one of the out put conductors, each transistor providing a selected
resi stance bet ween the vol tage source and the correspondi ng out put
conductor; and 15 a plurality of |ow side spi ndl e pomer

transi stors, 2aql |1 805 1/oben G 101018 981 SuleRlh e GRLnAEE YN0 2

correspondlng one of the spl n not or con Ignars,
term nal connect RPYSF 51§beﬁmF?ﬂﬁﬁéﬁ?Pal and a draln tern1na|

connected to a correspongilagadbey of of heonZtEbut C&Hﬂaabtseg,ducéé&rﬁ ot
poront 1oy Pane “RRE S comcedd 0 (PRGE-aJRNERY, sobdE oY
5 the spindle motor, each output conductor conducting a
corresponding one of the spindle motor power signals;
a plurality of high side spindle power transistors,
each transistor having a gate terminal for receiving a
corresponding one of the spindle motor control signals, a
10 drain terminal .connectéd to a voltage source, and a source
terminal connected to a corresponding one of the output
conductors, each transistor providing a selected resistance
between the voltage source and the corresponding output
conductor; and
15 a pluralit;y of low side spindle power transistors,
each transistor having a gate terminal for receiving a
corresponding one of the spindle motor control signals, a
source terminal connected to a ground potential, and a
drain terminal connected to a corresponding one of the
20 output  conductors, each transistor providing a selected
resistance between the ground potential and the
corresponding output conductor. '

-_
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29° 19. The system of C aim 15, wherein the actuator

_nmotor control circuit conprises: a sense device for sensing a
current conducted by the actuator notor and for generating a sense

out put signal; 5 : an error anplifier for receiving a linear current

command signal and the sense output signal, and for generating an

anplified error signal; and an actuator notor predrive anplifier

for-receiving the anplified error signal and for generating the

actuator 10 not or control signals.

30 20. The systemof C aim 1# wherein the actuator

not or power circuit conprises: a plurality of actuator power

out put conductors, each output conductor being connected to a

correspondi ng i nput 5 port of the actuator notor,. each output

S gnals. SO IB U afer FBESR, 3 S f%faisee%%%&‘f? B aABFRREHE

each transi stor matorgcengaod ¢hreuitakcomprisesei ving a 10 - correspondlng

one of the actuator Myl Qeng@MidwilceSEgP3%énsihg a current conducted by the
actuator motor and fof: generating a sense output signal;

-] an error amplifier for receiving a linear current
command signal and the sense output signal, and for
generating an amplified error signal; and

an actuator motor predrive amplifier for receiving the
amplified error signal and for generatihg the actuator

10 motor control signals. '
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drain term na
connected to a correspondi ng one of the actuator power out put

conduct or s,

each transistor providing a

connected to a voltage source, and a source term na

t he vol tage source and the 15 correspondi ng actuator power output

conduct or;

and

transi stors,
correspondi ng one of the actuator notor control signals, a source
term nal connected to a ground potential, and a 20 drain term nal
connected to a correspondi ng one of the 30 actuator power output

conductors,

a plurality of |ow side actuator power

each transistor having a gate termnal for receiving a

each transistor providing a sel ected resistance between

the ground potential and the correspondi ng actuat or power output

conduct or.

10

15

20

20. The system of Claim 15, wherein the actuator
motor power circuit comprises:

a plurality of actuator power output conductors, each
output conductor being connected to a corresponding input
port of the actuator motor, each output conductor
conducting a corresponding one of the actuator motor power
signals; '

a plurality of high side actuator power transistors,
each transistor having a gate terminal for receiving a
corresponding one of the actuator motor control signals, a
drain terminal connected to a voltage‘source, and a source
terminal connected to a corresponding one of the actuator
power output conductors, each transistor providing a
selected resistance between the voltage source and the
corresponding actuator power output conductor: and

a plurality of low side actuator power trans'istors,
each transistor having a gate terminal for receiving a
corresponding one of the actuator motor control signals, a
source terminal connected to a ground potential, and a
drain terminal connected to a corresponding one of the
actuator power output conductors, each transistor providing
a selected resistance between the ground potential and the
corresponding actuator power output conductor.

L

sel ected resi stance between



