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i RETRACTION OF A DISC DRIVE
ACTUATOR

This invention relates generally to the field of disc drive data storage devices,

and more particularly. but not by way of limitation. to a method and apparatus for

e om——

providing low velocity retraction of an actuator through application of an exponentially

| ramped voltage to a disc drive voice coil motor.

Modem hard disc drives comprise one or more rigid discs that are coated with
a magnetizable medium and motnted on the hub of a spindle motor for rotation at a
constant high speed. Information is stored on the discs in a plurality of concentric
circular tracks by an array of transducers (“heads"™) mounted for movement to an
electronically controfled actuator mechanism.

Presently, the most oonﬁnonly used type of actuator mechanism is the rotary
voice coil actuator, which employs a voice coil motor. With this type of actuator, the

heads used to write and read data are mounted via flexures at the ends a plurality of

" arms which project radially outward from a substantially cylindrical actuator body.
The actuator body is jounaled via ball bearing assemblies to rotate about a pivot shaft

which is mounted to the disc drive housing at a position closely adjacent the outer
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mechani sm i stoklage Lotary voice coil actuator. which enploys a voice coil
the dis
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notor. Wth ‘ﬁ?e of actuator, the heads used to wite and read data
are mounted via flexures at the.ends a plurality of _ arns I ch project
radially outward ﬂ?‘SﬁF‘éﬂ%ﬁ%‘%Fﬂ‘f@mW"@&dﬁﬂFﬁ"iQOWGﬁt“!ﬁf\ﬁ&)ﬂ he The
actuator body is journaled via ball bearing assenbljes to rotate about a
pi vot shaft actuator body oppositc the head ams so as fo be immersed in the magnelic field of an

i army of permanent magnets. ' When controfled DC current is passed through the coil, 2
magnetic field is set up which interacts with the magnetic field of the permanent

| magnets and causes the coil to move relative to the permanent magnets in accordance

. with the well-known Lorentz relationship. As the coil moves relative to the permanent
' | magnets, the actuator body pivots about the pivot shaft and the heads are moved
across the disc surfaces.

Control of the movement of the heads is achieved with a closed loop servo
system such as disclosed in U.S. Patent Number 5,262,907 entitled HARD DISC
DRIVE WITH IMPROVED SERVO SYSTEM, issued to Duffy, McKenzie, Heydari
and Woods, assigned to the assignee of the present invention and incorporated herein
| by reference. In such a system, position or servo information is prerecorded on at

| least one surface of one of the discs. The servo system can be either a dedicated
’ ' servo system, in which servo information is provided on a dedicated servo disc
; | surface, or an embedded servo system, in which servo information is interleaved with
user data on all the disc surfaces,

At such times that the disc drive is not in use, the heads are usually "parked”,

or moved to a position over a designated park zone which is generally at an inner
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t or. ' nel Udesdrlavc.ccgrl lll‘l “rrrqopglr‘g[ﬁg a el wmnnnd \Ilm.hh 1§ issued (o conserve posver, an
”T | important congideration for drives used in portable computers.  In order to park the
heads, a current is provided to the coil in order to move the actuator across the disc
and over the park zone, where a latch is provided to secure the actuator. Typical
latching arrangements are disclosed by ULS. Patent No. 5,187,627 entitled MAGNETIC
l LATCH AND CRASH STOP, issued to Ilickox and Stram, U.S. Patent No. 5,224,000
i entitled CRASH STOP AND MAGNETIC LATCH FOR A VOICE COIL
ACTUATOR, issued to Casey and West, and U.S. Patent No. 5,365,389 entitled

———te ta

CRASH STOP AND MAGNETIC LATCE], issued November 15, 1994 to Jabbari and
Tafreshi, all of these references being assigned to the assignee of the present invention
and incorporated herein by reference.

It is generally desirable to park the heads quickly, as the power to park the

heads at 'the time of a power loss is typically provided from the back EMF of Lhe
spindle motor: that is, afler a loss of power, the spind]e motor is used as a generator
as it continues to spin duc to inertia. As areal densities increase and the size of the
discs continue to decrease, the amount of power available from the inettia of the
| l spinning spindle motor after power down will continue to decrease. making

| expeditious parking of the heads an even more important consideration in the fiture.

: The general use of the spindie motor hack EMF to provide power used during a disc

‘ drive shut down sequence is discussed in U.S. Patent No. 4,679,102 entitied METHOD

| AND MEANS FOR PARKING READ/WRITE HEADS IN A DISC DRIVE USING
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"~ field of an array of pernmanent magnets. Wen controlled DC current is
-passed through the coil, a magnetic flield is set up which interacts with

.the magnetic_field of the pel S : h ' ve
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Lorentz relationship. As the cojl noves relative to the permanent magnets,
t he act uat orispsdyo m%&m&%%mw%%&s assignee RE thecprepsnisinkentioned
tacross the disc surfaces. Control of the novenent of the heads is
rachi eved wi t andoinegrparated hersin tyore{EERNcey st em such as disclosed in U.S. Patent
'Nunmber 5,262,907 entitled DISC .DRIVE WTH | MPROVED SERVO, SYSTEM

i ssued to Duffy, mmllﬁ,tﬁ%mlm@wmﬁm% cs B fp @irdseitce of

t he present invention and incorp()r%t ed herein _ by reference. In such a
Q

system posi$urigee gmemied by the relatinn of dhe discs And this gfrdhearing sughace will be lost
| once the rotational speed of the discs is sufficiently decreased. Typically, the heads

are parked by applying a DC current puise to the coil in order to move the actuator to

the patk position. The duration and magnitude of the current pulse are selected in
order to ensure the heads are reliably parked from any position on the disc, including
the outermost radius of the disc.
| While it is desirable to park the heads quickly, attendant problems have been
‘ observed when the actuator is moved too rapidly during parking. Particularly, the
application of a current pulse to the voice coil motor to park the heads can result in

i significant acceleration of the heads towards the park position, culminating in |
| undesirable acoustic noise as the actuator contacts a fimit stop or magnetic latch.
| Further, the sudden deceleration of the actuator upon contact with the limit stop can
subject the heads to uncontrolled mechanical motion and vibration, which can damage
the heads, the actuator arms and the disc media. With the advent of smalier, more
complex head designs, such as MR and GMR heads, reducing mechanical motion and
shock to the heads will continue 1o be desirable in the future,

Uncontrolled bias forces, if not compensated, can compound the problems
associated with the parking of the heads. Aerodynamic forces on the heads as well as
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{dedi cated servo system in which servo information is provided on a
dedi cated servo disc surface, or an enbedded servo system in which servo
information is interleaved wth wuser data on all the disc surfaces.
.At such tinmes that the disc drive is notsin use, the heads are usually

i"parked", or noved to a position over a designated park zone which is
generally at an inner

3
radi us of the discs. |eads_are gencral | arked in re nse to | oss of
ower 1o t hBias foroes from a flex cirouit coliectad to the adsiator (1o provide both dafa signal and

drive signal paths) vary across the disc radius and may cause additional acceleration of

the heads toward the park position, causing additional acoustic noise and head motion
when the actuator is parked. Further, electrical and mechanical tolerances in the
components used in the actuator and associzted control circuitry can also resuit in
variations in parking characteristics from drive to drive, which can require individual
.tuning of drives during manufacturing to provide acceptable parking characteristics.

In one aspect, the present invention enables the implementation of a method and
apparatus for providing a low velocity retraction of a disc drive actuator during a parking
I operation. The apparatus comprises a voltage generator circuit for generating a plurality
of discrete dc voltage levels, a timing circuit for providing a series of timing pulses, and

a selection circuit responsive to the voltage gencrator and timing circuit that outputs 2
voltage profile of increasing voltage steps from the voltage Ievels and the timing pulses.
The voltage profile is preferably provided to a driver circuit that drives a voice
coil motor which, in turn, positions'me actuator with respect to the discs of ;he disc
drive. The application of the voltage profile during the parking operation causes the
driver circuit to act as a voltage source for the voice coil motor. External bias forces
upon the actuator tending to force the actuator towards the park position generate a back
EMF in the coil, opposing the voltage source of the driver circuit and the motion of the
actuator towards the park position. The actuator is thus velocity limited and the voltage
profile is selected to bring the actuator to the park position at a terminal velocity
sufficiently decreased as to generate acoustic noise and motion below predetermined
acceptable limits,
| In another aspect, the present invention enables the implementation of a disc drive
| comprising:
' a disc;

b actuator means;
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‘power, an inportant consideration for drives used in portable conputers.
In order to park the heads a current is provided to the coil in order to
‘nove the actuator across the disc and over the park zone, where a latch is
provi ded to secure the actuator. Typical kgatching arrangenents are
disclosed by U S. Patent No. 5.187,627 entitled MAGNETI C LATCH AND CRASI |
STOP. issued to | lickox and Stram U.S. Patent No. 5,224,000 entitled

SH STOP AND MAGNETI C LATCH FOR A VO CE,.CO L ACTUATOR, jssued, t sey
and West, and U. S. veige eoil megor meansfor pesitioning the achuates-meqns selafivedq é"wgeéhETl C

rL/QIgfénLZE uggi Egvgg&%éﬁ %ﬁgéﬁgiqq&%%ﬁ@? g%yes e‘ﬁ# nver‘f’%g lmﬁgﬁd
i "‘]C orporated herei gy Pyorb&idn AGHE for recelving a voltage from the voltage generation means

| and generating a signal based on said voltage for transmitting to the voice coil motor
means to control said voice coil motor means to urge the actuator means towards a
parked position, |

;| Tn a still further aspect, the present invention enables the implementation of
method for parking the actuator means of a disc drive comprising:

generéting a plurality of discrete voltage levels;

providing a sequence of timing signals;

using the plurality of voltages and the sequence of timing signals to generate a
; voltage profile, the voltage profile comprising the plurality of voltages arranged as a

series of timed, sequential voltage steps, each step having an increased voltage level; and
A applying the voltage profile to the voice coil motor to retract the actuator to a
park position.

In a still further aspect, the present invention enables the implementation of a disc
drive having a disc and an actuator adjacent the disc, the disc having a piurality of
concentric data tracks, the disc drive having control circuitry for positioning the actuator
with respect to a selected data track, the control circuitry including driver circuitry for

driving a voice coil motor to position the actuator, the disc drive comprising: -

i voltage generation means for generating a plurality of discrete voltage levels; and

| retraction means, responsive to the voltage generation means, for applying the
discrete voltage levels as a series of timed, stepped voltages to the driver circuitry to

; | retract the actuator to a park position.

' In a still further aspect, the present invention enables the implementation of a disc

l drive having a disc, a spindle motor for operably rotating the disc at a nominal
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{he heads at the time of a power loss is typically provided fromthe back
FMF of the spindle notor; that is. after a |oss of power, the spindle
hotor is used as a generator as it continues to spin due to inertia. As
areal densities increase and the size of 4he discs continue to decrease,

{ he anount of power available fromthe inertia of the spinning spindle
tor after qperstionalcspeed)iahactoatot adjacenttthe discabcontroleiicuirty foe postiringothe
arking of the heads an even nore |rrportant consideration in the future.

The gener al w¥eiatswitheespest tathe dise the %ba&mnmqm@nmkpmmmdwnwn ng

a disc driv hut down seguence is,discussed in U.S.,Patent No. 4,679, 102
ontitled ME e ey cFel Gty WP 7eSPRCEte D) Vi
PS' NG selcctzd data track during rotation of the disc at the nominal operational speed, the

i actuator including a coil of a disc drive voice coil motor, the control circuitry including a
driver circuit for providing current to the actuator coil, the disc drive comprising:
indication means for indicating receipt of a command to halt rotation of the disc
at operational speed; '
voltage gencration means for generating a plurality of voltages at discrete, dc
voltage levels;

timing means for providing a series of timing signals;

selection means, connected to the indication means, the voltage generation means
and the timing means, for outputting a voltage profile to the driver circuit to move the
transducer to the park zone in response to the indication means, the voltage profile
comprising the voltages generated by the vpltage generation means arranged as a series
of timed, sequential voltage steps, each step having an increased dc voltage level,

In a still further aspect, the present invention enables the implementation of ‘a
disc drive of the type having a disc, a spindle motor for operably rotating the disc at a

et b m— .+ ——

nominal operational speed, an actuator adjacent the disc and control circuitry for
| positioning the actuator with respect to the disc, the disc having concentric data tracks
and 2 park zone, the actuator having a transducer positioned by the control circuitry with
respect to a selected data track during rotation of the disc at the nominal operational
speed, the actuator including a coil of a disc drive voice coil motor and the control
circuitry including a driver circuit for providing current to the voice coil motor, an
improved method for parking the actuator comprising the steps of;:

generating a plurality of voltages at discrete voltage levels;

providing a sequence of timing signals;
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Wevers, Krause and Battu, assigned to the assignee of the present invention
and i ncorporated herein by reference. Additionally, the heads are
yptcally supported over the dists by an air-bearing surface generated by
he rotation of the discs and this air-Rgearing surface wll be lost once
dhe rotational speed of the discs is sufficiently decreased. Typically, the
eads are parked by applying a DC current pulse to the coil in order to
ve the actuator to the park position. The duration and magnitude of the
urrent pul seasing ¢hespiumalityaf violtages and the sequence of timing signals to generate a voltage

profile, the voltage profile comprising the plurality of voltages arranged as a series of
; timed, sequential voltage steps, each step having an increased voltage level; and
i applying the voltage profile to the voice coil motor to retract the actuator toa
park position. -
In one embodiment to be described below, the voltage profile comprises eight
discrete voltage levels from O to 320 millivolts. In another embodiment to be described

below, the voltage profile comprises two discrete voltage levels, 160 and 320 millivolts.
An object of the present invention is to provide a method and apparatus for
{ providing low velocity retraction of a disc drive actuator during a parking operation, |
- Another object of the present invention, while achieving the above stated object,
% . is to provide a method and apparatus that generates and outputs a voltage profile of
! - inereasing voltage to a disc drive voice coil motor circuit during a parking operation.
Still another object of the present invention, while achieving the above stated
objects, is to provide the voltage profile such that the velocity of the actuator upon
reaching the park position results in acoustic noise and mechanical motion of the actuator
that are below predetermined acceptable limits.
Another object of the present invention, while achieving the above stated objects,
is to compensate for external bias forces upon the actuator that tend to accelerate the
actuator towards the park position,

Yet another object of the present invention, while achieving the above stated
objects, is to compensate for significant amounts of mechanical and electrical offsets
_ within the system.
Other objects, advantages and features of the present invention will be apparent:
from the following description when read in conjunction with the drawings and appended

i claims,
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"~ disc, incl ud| ng the outernost radius of the disc. Wiile it is
“desirable to park the heads quickly, attendant problens have been observed
when the actuator is noved too rapidly during parking. Particularly, the

- application of a current pulse to the voige coil motor to park the heads
can result in significant acceleration of the heads towards the park

hosi tion, cul nm naBmbgdinentsiof despresebt invention still now dieslescaibed hy way ofi example

‘tontacts a limt stop or nagnetic Iatch Further, the sudden decel eration

’: f the act uatoé}Yﬂ'ﬂdﬁ GM‘%"F fl% Whickiypj ect the heads to

ncontrol |l ed nech al nmotio nd v t he heads,
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conpl ex head 2 h as MR and GVWVR heads, reducing nechani cal notion
and shock tJ the hea continue to be de5|rable in the future.

Fig. 21 ns a block diagram of a servo system constructed in accordance with the

| ] present invention, used to control the actuator of the disc drive of Fig. 1;
T Fig. 3 is a block diagram of the VCM control circuitry of Fig. 2, showing a first
embodiment of the apparatus of the present invention;
Fig. 4 is a block diagram of the h-bridge driver circuitry of Fig. 3, and also
shows the coil of Figs. 2 and 3;

.o,
r— et o,

Fig. 5 us a graphical representation of the velocity of the actuator of Fig, 2 as
well as voltage and current waveforms passing through the coil of Figs 2-4 during a head
parking operation for a particular four disc, 2.5" diameter dise drive;

Fig. 6 is 4 graphical representation of the velocity of the actuator of Fig. 2 as
well as voltage and current waveforms passing through the coil of Fig. 3 during a head

parking operation for another four disc 2.5" diameter disc drive having characteristics
. different from the disc drive of Fig. 5;
Fig. 7 is a block diagram of the VCM control circuitry of Fig. 2, showing a
second embodiment of apparatus of the present invention;
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Tuming now to the drawings and more particularly to FIG. 1, shown is a

perspective view of a disc drive 10 of the type in which the present invention is

particularly useful. The disc drive 10 includes a housing base 12 and a top cover (not
shown) which cooperatively engage to form a sealed housing which serves to protect

i | delicate. internal components from external contaminants.

A plurality of discs 16 are mounted for rotation on a spindle motor hub 14
using a disc clamp (not designated). An aray of heads (one shown at 30) is mounted
| via head arms 26 which are part of an actustor body 22 which is adapted for pivotal
motion about a pivot shaft 24 under control of a voice coil motor, shown generally at
20.

The voice coil motor (VCM) 20 is driven by electronic circuitry (not shown in
FIG. 1) to controllably move the heads 30 to any desired one of a plurality of
concentric circular tracks 18 on the discs 16 along arcuate path 32, At such time

that the heads 30 are to be "narked", the heads 30 are moved to a position towards the

innermost radius of the disc 16 and the actuator body 22 is latched in position by way
of a conventional fatching ammangement (not shown).
i Thus, for the disc drive 10 of FIG. 1, a "park zone" (not designated in FIG. 1)

| is established at the innermost radius of the discs 16 so that, when the spindle motor

e
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i.n the conponents used in the actuator and associated control circuitry
cgan also result in wvariations in parkingiharacteristics fromdrive to
dfive, which can require individual tuning of drives during nmanufacturing
tp provide accryli Rbissmopeatitingghe Hiscsa thechdads 3@ sre moved so as toresihen thisopaek | t he
pyesent invention enables the inplenentation of a nethod and apparatus for
ptovi di ng a | oppnecprecdntivg hethanidal damagk ta thdi data ncording satfacetafitheidisesnt and

pAr king operation. The apparatus conprises a voltage generator circuit for

ggnerating a poip@hiddy 3001t #Hibbe ficegniadyof tonge, thavbe parkazohé oould be docatedt f or
oviding a seri es of timng pulses, and a selection circuit responsive to
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creasi ng voI tage levels and the timng pul ses.
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Signals used to control the VCM 20, as well as signals to and from the heads
i 30, are passed via a flex circuit 34, Control of the VCM 20 is provided by a setvo
system. as shown in FIQ. 2, which provides a simplified block diagram of a typical
servo system in which the present invention is particularly useful. Shown in FIG. 2 is
the actuator body 22 of FIG. 1 which pivots about the pivot shafl 24 when dn:ve
] current is applied to a coil 36 which lies between a pair of permanent magnets (nol
shown in FIG. 2). On the opposite side of the actuator body 22 from the coil 36 is
shown the head ans 26 which supports the heads (two of which are designated as

30A. 30B) which are arrayed to cooperate with the discs (designated as 16A, 16B)
mounted for totation on the spindle motor hub 14, While, in actual disc drives, there
could be a larger number of discs. and a head associated with each disc surface, for
- purposes of clarity. only two discs 16A. 16B and two heads 30A. 30B are shown.
For this and the following discussion, it will be assumed that the disc drive 10
of the present discussion employs a dedicated servo system, so that the top head 304,
is a servo head and the top surface of the top disc 16A is a servo disc that contains.

prerecorded positional servo information.  All other heads and discs will be referred to
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tor. External bias forces upon the actyator tending to force the
a¢tuator towards the park position-generate a back EM-F in the coil,
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‘a¢tuator towards the park position. The actuator is thus Velocity I|mted
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dijsc drive  CORRLiGRIE Smploying an embedded servo system.
: ' As will be recognized. the basic principle of operation of the servo syslem' is
| that. if the scrvo head 30A can be made to seck (o and foflow a given servo track 18A
| on the servo disc I6A, all data heads 30B will simultaneously seek to and follow
.l. corresponding data tracks 18B. To facilitate this seeking and track following, servo
N © data read from the servo disc 16A is ditected by way of signal path 38 into a servo
loop 40 which includes a preamplifier block 42, servo data decode logic 44 which
includes an analog-to-digital (A/D) converter (not separately shown), a servo
micropracessor 46 with associated RAM 48 and a2 VCM control circuit 50, which
| includes a power amp and & digital-to-analog (D/A) converter (both of which are not
separately shown). A more detailed description of the operation of the servo loop 40
i can be found in the previously incorporated Duffy et al. reference, U.S. Patent No.
. 5,262,907, but generally, the servo loop of FIG. 2 controls the position of the heads
' 30A. 30B with respect to the discs 16A, 16B. |
‘ As described above, the present invention provides an improved apparatus and
method for parking the heads, and FIG. 3 shows the VCM control circuit 50 of FIG. 2
and contains circuitry for impleménting the preferred embodiment of the present
invention. Before describing the construction and operation of the circuitry of FIG. 3,

however, it may be helpful at this time to first provide an overview of the present
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dilsk; voI tage generation nmeans for generating a plurality of
fdl screte voltage |evels; and re3raction neans for receiving a
vqltage fromthe vol tage generation means and generating a signal based on

sdid vol tage fﬂﬁtﬁtﬁ(ﬁpi@fﬁ'eﬂﬂo&@dﬁgﬁt(%%' ce coil nmotor neans to control

said voice coil notof neans to ur € actuator neans towards a parked
pgsition. The present invention comprises parking an actuator through the application of

a voltage profile of timed voltage steps af increasing value to an h-bridge driver
circuit used to drive the actuator VCM coil. More particularly, the h-bridge driver
. circuit is configured during the parking operation so as to act as a voltage source for
the coil in which incremmentally larger amounts of voltage are applied across the coil.
In this way, the h-bridge driver circuit sets and maintains the voltage across the coil as
the coil passes through the magnetic field provided by the permanent magnes,
regardless of the magrﬁlude and direction of the current that flows through the coil. It
i will thus be noted that during the park operation, the circuit is operated in an op;e.n
C loop condition in comparison to the closed loop condition used during normal drive
oOperation.
For disc drives having a design such that bias forces on the actuator (such as

l from windage and from the flex circuit) tend to force the actuator ifwardly towards
. | the parking zone, during a parking operation these forces will tend to cause the
actuator to try to accelerate towards the parking zone at a rate faster than provided for
by the voltage source as the actuator is being parked. However, the additional
aceeleration of the coil caused by the bias forces will cause the generation of 2 back
EMF in the coil which will oppose this acceleration of the actuator. The voltage
A source will thus limit the velocity of the actuator and act as a dynamic brake, forcing
the actuator to follow an acceptable velocity trajectory into the park pésition.

On the other hand. if the design of the disc drive is such that the bias forces
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In'p still further aspect, th&E"BrE8hETi nvention enabl ed danei ol gzrent a6 igon
of .p. method for parking the actuator neans of a disc drive conprising: .-
generating a plufality of discrete voltagé4l evels; providing a
seguence of timng signals; using the plurality of voltages and the
sequence of tinming signals to generate a voltage profile, the voltage
profile conprising the plurality of voltages arranged as a series of
tined, sequenti al voltage steps, each step having an increased voltage

| evel ; and ppl ying the vol e profile to the voice coil notor to
retract the aci%dtt@rfm’?bﬂ'ﬁwmﬂy ﬁ'éll’@ﬂmt he parking z0pe (either aoross the ensire
aspect, the present inventiaon epables the inplenentation of a disc drive

having a di sc disaoneniycet geatein rudipsss amtheydise umliba null peintiisgeached)i thgh she
plurality of concentric data tra, ks, the disc drive having control .
cirlcuitry for pseasingyolagenralilsarillhegpnlied to the coil untif sufficient force is provided

to the actuator to overcome the outward bias forces and move the actuator to the park
position. When the bias forces are outwardly directed across the entire disc surface,

the gradm! application of the voltage across the coil will ensure the actuator reachw

i the park position at an acceptable velocity. On the other hand, as is more typical,
i when the bias forces are imvardly directed for some portion of the disc surface and
then outwardly directed at a second portion inside the first portion. the voltage profile
, will opcrate to limit the effects of the inwardly direcled bias forces until a null point is
' reached: then. the voltage profife will provide sufficient force to the actuator o
.' overcome the outward bias forces and continue to move the actuator towards the park
position at an acceptable velocity.

Of course, a different voltage profile is developed for each of the above cases.
However, in each case, the heads will generally be parked before all the voltages in
the profile have been applied to the coil, and this will be a fimction of not only the
bias forces upon the actuator. but also the mechanical and electrical offsets in the disc
drive as well as the initial position of the heads at the start of the parking operation.
Neveﬁheless, to ensure the heads are always parked correctly, the maximum voltage in
the profile (that is, the jast step voltage) is chosen so as to provide at least the.
minimum amount of current specified for the coil in order to park the heads. These

and other considerations will be explained in detail below in conjunction with a
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Ilue di sc drive conpri sing: vol tage generation neans for generating
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b m nal : 2, which includes a conventional VCM control block 52 that provides normal closed-
loop operational control of tﬁe coil 36 l;y way of a conventional h-bridge driver circuit
54. More particularly, during normal operation of the disc drive (that is, during all
operations other than a head parking operation which is initiated upon receipt of a
RETRACT command), with reference to FIG. 2, the servo microprocessor 46
determines the necessary current magnitude and polarity that should be applied to the
coil 36. and pmvidé a represcntative digital signal on signal path 56 to the VCM
control block 52. ‘The VCM control block 52 converts the digital signal to analog and
provides, by way of a power amplifier (not shown). an analog signal on signal path 58
to an analog multiplexer 60 (hereinafler "mux"). More discussion concerning the
analog mutx 60 will be provided below, but during normal operation of the disc drive,
the analog mux 60 connects the signal path 58 to an output signal path 62, which is
provided as an input to the h-bridge driver circuit 54.

—_——

Turning to FIG. 4. shown therein is a schematic block diagram of the h-bridge
driver 54, which provides the desired current to the coil 36 by way of FETs 64, 66, 68
and 70, a voltage source 72 (providing a voltage Vs), and a ground connection 74. As
shown in FIG. 4, the signal on signal path 62 from the analog mux 60 of FIG. 3 is
provided to the gates of FETs 64 and 70. At the same time, the signal on signal path

62 is inverted by an inverting amplifier 76 so that an inverted signal is applied to the
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7 opeRetdChHNige shEed, an acdrU4tER 24l acent the disc and* dShtFBI=&R rclirtty
or positioning the actuator with rﬁ gpect to the disc, the disc having
concentric data tracks and a park zone, the actuator havi ng a transducer
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through the coil 36 is determined by the magnitude of the voltage applied to the pairs
of FETs 64 and 70 or 66 and 68, respectively.
Additionally, the circuit of FIG. 4 is shown 1o include a current sense block 80,
which senses the current passing through the coil 36 and, in response thereto, provides
2 current sense signal on signal path 82 back to the VCM control block 52 of FIG. 3.
The current sense block 80 of FIG. 4 provides conventional current sensing without
otherwise interfering with the normal operation of the circuit of FIG. 4. For reference,

the current sense block 80 may be implemented in a variety of ways, including the use

of a current sense resistor in conjunction with a comparator or using a current mirror

. arrangement, both of which are well known in the art.  As will be described in more
' detail below, current sensing is specifically not used during the parking operation of
the present invention. |

It will thus be recopnized by those skilled in the art that, during novmal

operation, the disc drive of the present invention employs a conventional VCM control

arrangement with a conventional h-bridge to control the current passing through the
VCM coil. It will further be recognized that the h-bridge driver circuit iliustrated in
FIG. 4 has been greatly simplified and that additional components. such es 2 voltage

; sense circnit and protection components may be commonly employed. but are not
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reans, connected to the i ndicatj on neans, the voltage generation neans and
he tini ng nmeans, for outputti nb7a voltage profile to the driver circuit to

rove the Urggs ﬂ’:’ﬁﬁh& OpblEy mhkhmg%pﬁv&%ﬁ&ﬁﬂ%%gngb @ghtﬁf"& jegTEANS,

he vol tage profi conpr|5|ng t he tages genera e vo age

Jach ot op hatl Spiah U BEEEA oF (Tt e & 'Pé“'“?‘*“"%gi‘%?ﬁ”v%%“ﬁff i thot
"t he type ﬁié%?%ﬁ%%éhﬁ@c'“d‘ﬁ%gﬁﬁﬁ%@%‘?ﬁf*%%@ IEIG ot at Tng the di sc-
Fifo T S Wl et i 2
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data track d |,ng tatl n of d| sc at the nom nal 0peratlonal
tl 1gna as A through HB three select mputs (designated as SO, S1 and S2) and one

output {designated as Vout). Particularly, the voltage generator circuit 84 receives a
; reference voltage (designated as Vref) on signal path 85 and generates a plurality of
i voltage levels. The reference voltage Vref can be any available disc drive voltage
‘ sufficient to generate the desited output voltages. In the embodiment presented, the
i voltage generator circuit 84.general.e$ eight voltages at 0, 5, 10, 20, 40, 80, 160 and
i 320 millivolts, as shown. Voltage generator cireuits are well known in the art and
may be implemented in a variety of ways, including the use of a resistive 'Iadder
network. As shown in FIG. 3, the eight voltages generated by the voltage generator
i circuit 84 are provided as outputs which are correspondingly connected to the eight
inputs of the analog mux 88 by way of eight signal paths (designated collectively in
; FIG. 3 as item 90).
‘ | : Also Having cormections to the select inputs of the analog mux 88 is the
counter 86, which is shown to have outputs Q1. Q2. Q3 and Q4. with Q! being the
least significant output bit and Q4 being the most significant output bit. Outputs QI,
(22 and Q3 arc connected as shown to the select inputs S0, S1 and $2, respectively, of

the analog mux 88. The counter 86 reccives a clock input from signal path 92 and an

— et s
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speed, IBhECTaEPRatiBI® ncl udi AITE-ERG FOof a disc drive vo44cé’?106$3| 8376t or P-2hd
tth¢ control circuitry including a ﬁibver circuit for providing current to
th voice coil notor, an inproved hod for parking the actuator

conpri sing the steps of: enerating a plurality of voltages at
i $0r et e Vol t agaable inputs fom the RETRAGEH signah gn aizselmén @b toth of whist »8il dnal s
8

| discussed more fully below. Thus, as will be recognized, once the counter 86 is

enabled, it will begin counting at a frequency determined by the clock inpu? and
output an increasing digital count on outputs QI through Q4..

Returning to the analog mux 88, the output Vout is provided by way of a
signal path 96 to an "A" input of the analog mux 60, and the signal path 94, which as
described above provides the RETRACT signal as an enablement signal to the counter
86, also provides the RETRACT signal as a select jnput to the analog mux 60.

Having concluded a btief description of the construction of the circuitry of
FIG. 3. operation of the circuitry will now be discussed. As provided hereinabove,
during normal operation of the disc drive the VCM control block 52 (in conjunction
’ ! with the rest of the servo loop of FIG. 2) provides closed-loop control of the actuator
position.  To accomplish this, the RETRACT signal on signal path 94 js ot a state
such that the analog mux 60 connects the "B" input from signal path 58 (providing the
output of the VCM control block 52) to output signal path 62 and on to the h-bridge
driver circuit 54. However, upon receipt of a RETRACT command, the VCM control
. block 52 is switched out of the circuit and is not used during a head parking operation,
b as described belaw.

i Particularly, during disc drive operation a RETRACT command {to retract the
' actuator) will be generated upon the ocourrence of certain conditions, such as (but not
limited to) a loss of power, the detection of a serious faiture condition or error, or the

receipt of a "sleep” command. As discussed above, it is desirable to park the heads in
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generates and outputs a voltage profile of increasing voltage to a disc

drive voice c opdratian; erice guetra pommand iﬁ(“je‘-‘&i"ﬁfér ki ng operati on.

At such time that a RETRACT command is issued afler the occurrence of any
of the above described conditions, with reference to FIG. 3, a signal is provided on
signal path 94. which cnables the counter 86 and instructs the analog mux 60 to
connect input signal path 96 1o output signal path 62. Once enabled, the counter 86
begins counting upward at the frequency provided from the clock input, and outputs

RAaa

the incremental count to the select inputs §0, S1 and S2 of the analog mux 88. The
first eight counts of the countef 86 will thus cause the analog nmx 88 to sequentially
select each of the input voltages provided by the voltage generator circuit 84 to inputs
A through H, so that the signal path 96 is presented with 2 voltage of 0 mV for the
first clock period, § mV for the second clock period, and so on through the remaining
voltages. Setting the duration of each clock period (as well as the number and value
for the voltages applied within each) depends upon a variety of factors, including the
mechanical and electrical construction of the disc drive, and additional discussion
concerning the tailoring of a voltage profile for a disc drive will be provided below.
For the present example, however, each of the eight clock periods is on the order of

100 milliseconds (providing a maximum time over which to park the heads of about
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saated objects, is to provide the voltage profile such that the velocity -
‘'off the actuator upon reaching the parl% osition results in acoustic noise
and nechani cal notion of the actuator at are bel ow predet erm ned

-agcept abl e IiBbdﬁaimsmonds).d@mgiQ%Imweiﬁ%tmwfcléd% BS GBthinkd ' e 38 of bk | ©

achi eving the above statéd objects, .'is to conpernisate for external bias

farces upon tpe.a6t mfde@ém gﬁ @ﬂnx%@_ iR eofbiiivh Qviflﬂ?gyesﬁ:t?ﬁ HRER and BRAKES the

park position. t another object “of the pre Invention, while
S0 "3, PRI B 86 PBELIAL B
G et o0 6t oA AR Btk I G5 Skt B BALR i e
' drl a\_Ni ngs and §hRde Hstor by way of e spindle motor generator circuit 100, as represented in FIG.
' ’ : 2. Such spindie motor generator circttits 100 are well known in the art and operate to
i provide a rectified DC voltage level capable of sustaining the operation of the circuitry
Jong enough to propetly park the heads and shut down the disc drive. For additional

P discussion, reference may be made to the previously incorporated Wevers et al.
reference, U.S. Patent No. 4,679.102.

As the RETRACT signal on signal path 94 causes the analog mux 60 to
connect the "A" input to the output on path 62, the voltages placed on signal path 96
by the analog mux 88 are provided to the h-bridge driver circuit 54. With reference to
FIG. 4, the voltages on signal path 62 are applied to the appropriate pair of FETS,
either 64 and 70 or 66 and 68, depending on the otientation of the coil (the FETs
chosen, of course, will be those which cause the coil to move imwardly towards the
park zone). It will be recognized that, although the h-bridge driver circuit during

normal operation acts as a current source for the coil, so that the current through the
coil is maintained regardless of the voltage across the coil, this is not the case during
the head parking operation; rather, the h-bridge during the parking operation acts as a
voltage source, so that the voltage across the coil is maintained regardless of the
current that flows through the coil.

—_—_—
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of exanple only and with reference to trﬁvaccorrpanyi ng draw ngs, in which:
Fig. 1 is a perspective view of a disc dri've in which the present invention

is “particularly upgfth sequence of vbNsges dreipiondddd t8Gke PEPE) IR AcRiatct \HflliHitially St €M
constructed in accordance with the present invention, used to control” the

actuat or of t pgpiligSeldhtingeth® hedds Sownld the park zonel Moweded, Smfarly Uilectdll Bk am of
t e VCM contr ol glci rcuit rdygof Fig. 2, shcor\,f\!nrnémae fi r‘ét e!r?boglrvment 0? t he
agparat us of ihReHiP R Hctubtdl Efidlidifg windage and flex circuit forces) will cause the coil to
accelerate even faster through the magnetic field of the permanent magnets beyond

that which was induced initiafly by the voltage source. ‘This additional acceleration

through the magnetic field will generate a back EMF in the coil that will be

coumterbalanced by the voltage provided by the voltage source of the h-bridge. The
net effect is thet. as the voltages are ncreasingly applied to the FETSs, the coil will be
’ | velocity limited and will cause the heads to arrive at the park zone at a velocity within
\ predetermined, desired limits.
It will be recognized that the heads will be effectively parked at some point
during the parking operation, not necessarily at the conclusion of the clock intervals
(i.c.. the eighth interval for the circuit of FIG. 3). Rather, depending on the electrical
| and mechanical construction of the disc drive, as well as the location of the heads
‘A relative to the disc surf'aoé at the time the RETRACT command is issued, the actuator
may reach the park position and become latched well before the end of all the clock
intervals. In fact, this is one of the benefits of the present invention, as it will
compensate for a wide variety of variations among a population of nominally identical
disc drives, including significant amounts of electrical and mechanical offsets as well

as head positions.

Once the actuator reaches the park position, the operaﬁén of the circuit of FIG.

3 will continue to drive the actuator inwardly, minimizing the effccts of bouncing as

v
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i g, A5TETHBR odR Wi agr am BIMURR 3Chri dge driver circddti? S 4297y, F-2and
"4l so shows the coil of Figs. 2 and 3; Fig. 5 us a graphical
representation of the velocity of the Zttuator of Fi g. 2 as well as

jol tage and current wavefor

B . ' h th [ f  Fi -4 duri
gead par Ki ng‘ecﬂﬁﬁiﬂ%i%ﬁ‘%ﬂr@mg%s’f?bg%?’tﬁ} 205‘85 amif“%lﬂl‘Sﬁ“m%gFé? 'l“ggl n9 4

rive; Fig. 6,is a graphjc presentation of_the,yel ocity,of the
ctuator of FIG. 3,3t will WP%@E“%&&HW“EQ#&EMH\@ Bvﬁ‘ff"l’ 13 PR

through the coil of Fig. 3 during a head parking operation for another
four disc 2.5ﬁstg1alrmb87,onaad’eam¢d?§dnmdrtgmaam§m of a spindlaimatenr ent from
the disc drive of Fig. b5; Fig. 7 is a block diagram of- the VCM
ontrol circdinamic bfakEichcuif98 b avtivating apprepriatecspimdbo diives circuity émp shawn)s of
'E]he present invention;

' Such spindie motor dynamic breke circuits are well known in the art and serve to halt

further rotation of the spindle motor hub (14 in FIGS. 1 and 2) by instructing the

b spindle motor driver circuitry to effectively short the muitiple phases of the spindle

i motor together.

i To further illustrate the operation of the circuit of FIG. 3, FIGS. 5 and 6 have

L ‘been provided which show graphical representations of head velocity, coif voltage and

i coil current during a park operation for two particular disc drives (of the same model

| ’ | type) having somewhat different electrical and mechanical characteristics. For
reference, the drives represented in FIGS. 5 and 6 are 2.5" diameter, four disc systems

' in which bins forces tend to force the actuators towards the park position at all disc

radiuses. These drives have relatively large spindle inertias, flex circuit biases and

tadial force components from head aerodynamic effects. Beginning with FIG. 5.

shown therein is a velocity curve 102, a net voltage curve 104 and a net current curve

106 plotted over a common x-axis representing time elapsed during a parking

operation. The x-axis is shown to have 3 divisions, with each division corresponding

to one of the eight clock intervals comprising the parking operation described above.
More particularly, with reference to FIG. 3, the first division of FIG. S represents the
clock interval during which the analog mux 88 outputs 0 mV, the second division
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for the remaining divisions. It will be recognized that these curves have been
smoothed and are shown as approximations, neglecting low level effects (such as from
noise) that would be observed from actual, unfiltered measurements.

For the disc drive corresponding to FIG. 5. it will be noted that the heads are
positioned at the outermost radius of the discs before the head park operation begins at
the first division (division number 1) in response to the RETRACT command. so that
during the park operation, the actuator moves a maximum distance as it sweeps acr0ss
the discs. As depicted by the velocity curve 102, at the beginning of the head park
operation, the heads accelerate towards the park 7zone and then quickly decelerate,
reaching the park position designated by a dotted line 110 about halfiway into the
second division.

Examination of the voltage curve 104 during the parking of the actuator reveals
that only a nominal amount of voltage is applied to the h-bridge driver; however, the
current curve 106 shows that a relatively significant amount of current actually flows
in a negative direction through the coil during this same petiod. As further shown in
FIG.5, a discontinuity 108 is shown in the current curve 106 at the point of contact

(dotted line 110), indicating a slight oscillation of current (and representing a small

amount of bouncing of the actuator upon contact). From the graph, after the actuator
reaches the park position and is tatched, the voltage curve 104 and the current curve
106 for the remaining divisions 3-8 are closely correlated, and the velocity curve 102

shows no motion of the actuator during this time.
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'n considered in FIG. 6, which as described below will be shown to have a significant
amount of negative offset. .
Tuming now to FIG. 6, shown therein s 2 similar graph as presented in FIG.
S; particularly, FIG. 6 provides a graphical representation of a velocity curve 112, a
voltage curve 114 and a current curve 116 for a second disc drive. As in FIG. 5. the
parking oﬁemtion begins with the heads at an outermost radius on the discs at the
beginning of division 1. As the parking operation is initiated with a RETRACT
command, the velocity curve 112 shows the actuator to be accelerated towards the

] park position and then more gradually decclerated out to about the beginning of

division 6, where the actuator finally contacts the latching arrangement at a dotted line
denoted as 120. As with the velocity curve 102 of FIG. 5, the velocity curve 112 of
FIG. 6 shows that the velocity of the actuator at contact is sufficiently reduced so a5
to provide acoustic noise and motion within predetermined, acceptable limits. After
o the actuator reaches the park position, the velocity of the actuator remains at 0, as
expected.

Examination of the voltage curve 114 shows that a negative amount of voltage
is applied to the coil during the parking opetation and this is a result of the négative

electrical offset of the control circuitry. However, despite this offset, the actuator is
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Having now concluded the discussion conceming FIGS. 3-6 for the first

embodiment of the present invention, reference will now be ditected to FIG. 7, which

| shows a second embodiment for the VCM control cireuit 50 of FIG. 3, designated

generally as S0A. It will be understood that this second embodiment is presented to
briefly illustrate the construction and operation of such a circuit for a disc drive having

characteristics different from those presented for the disc drive of FIGS. 3-6. More
particularly. FIG. 7 is provided to illustrate an embodiment for the VCM control

cireuit S0A for a 2 disc. 1.8" diameter disc drive having a relatively low spindle
inertia, a flex circuit bias null point well outside the inner radius of the discs and a
low radial force component from head aerodynamic effects. In contrast to the
relatively high spindle inertia disc drive of FIGS. 3-6 which provided about 800
milliseconds of time in which to park the actuator, the disc drive considered with
respect to FIG. 7 has a much lower spindle inertia and requires parking of the actuator
in less than around 350 milliseconds.

Referring now to FIG. 7. it will be recognized that the VCM control circuit
50A is very similar in construction and operation to the VCM control circuit 50

presented in FIG. 3. with the exception that a voltage generator circuit 84A provides

two voltages, one at 160 mV and the second at 320 mV, for selection by an analog

mux 88A in response to timing pulses from a counter 86A. As will be recognized, the

is Sheet Has Been Replaced
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A1 hub1&PCT499fot 1§:8¢ at i ng THBILEFRESLO t he heads 30 are AHVEH 438 P85 t o Prst
.on this park zone, preventing nechani gal damage to the data recording
-surface of the discs 16 and to the h&8ds 30. It will he recogni zed. of

pour se, - that gﬁét}glidﬂ%ﬂﬂaé%h%‘{?é. D %eufté i £ Jolta3t PRNIE ESmprisitig twdSeq@alP 0S| ti On

[ owar ds t he rnmost radius of the discs 16. "but for ‘purposes of

i scussi on t glﬁ-l;}fs?&{ KepsX iR m{g'dt 180 rPPaid tR'secbntit 320 hVC &Y the ahAl@ itk gohe

nnernost ra ignals used to control the VCM 20, as wel | as

5ignal s to éﬁg Wﬁ#f‘o e Hridps Qrivar 54, Rthath %t?ggo? cidcﬁ)int&iv&mg ‘ﬁ%ﬁrl]inglﬁc )

Cont LOl Of'fj _ I's provided by a servo emas sho _
i ch the. pr Suet pEefHd 0 UL ThE Skich of Kb GBtage SR BKHGHR "

’ for the disc drive of FIG. 7 is in part govemed by the shorter time available to park

the heads, and the voltage levels selected are further governed by the additional energy
necessary to park the heads due to the bias forces on the actuator. Of course, the

g counter 86A is shown as a four-bit counter with the Q3 output providing the selection
. input SO to the analog mux 88A and the Q4 output engaging the spindle dynamic

i brake circuit 98; however, it will readily be recognized that any number of n-bit
counter configurations could be used and that the use of a four-bit counter (in both

| FIGS. 3 and 7) is merely for purposes of illustration, not limitation.

| Referring now to FIG. 8, shown therein is 2 graphical representation of net
velocity, voltage and current for the disc drive considered with reference to FIG. 7, the
graph of FIG. 8 being similar to FIGS. 5 and 6, previously discussed above. As
represented on the x-axis of FIG. 8, two divisions are provided, showing the two

clocked intervals used in the profile, so that the analog mux 88A of FIG. 7 outputs

160 mV during the first division and 320 mV during the second division.

As shown in FIG. 8, the velocity of the actuator is represented by velocity
profile curve 122 which begins in a position having the heads located at an outermost
diameter of the discs. The velocity profile curve 122 indicates an initial acceleration

i of the actuator towards the park position, followed by a deceleration so as to reach the

i



' e Elgg{&g,{lzggls 231 alssg AT 5327119 PAGE 1 (PRINTED PABE 1)
the actuator body 22 of FI G mﬁ? vots about the p| $HIL7E [439 ©B225 Wresy
drive <current is applied to a coil 36 which lies between a pair of
per manent magnets (not shown in FIG 22). On the opposite side of the
Et uat or body 22 fromthe coil 36 is shown the head arnms 26 which supports

heads (trﬁm H’dgg’l lefod#e Bl sidpRbIRTlaft éna%“ﬁpﬂ)m\mmwwmyaued to

cc!)operate W ScSs (d‘é5| gnated as 16A, 16B) nounted for rotation on

the spindle ?.[g&iﬂ?cdllg} a WhikddSline 1302 Qlikiadised daingithe Wesd pdrking @porated. dhdre a
Iérger nunmber "o iscs dnd a head associated with each disc surface for
pyr poses of Cln@t"; Bér@ssstmecﬁl 36 % ik@w\as &{é%eaearénwu&@qﬁeéaﬁaew are
shown. |s and the follow ng discussion be assuned
that the disc gﬁ,i sﬁﬁt gﬁ*&ﬁ er‘?.ﬁ'le@ﬁ dedi cated servo
system so tha #%‘QI{W&&%B cservo gsan p surface of
the top disc 16A i Udks r e I onal
servo information. ?Rﬁ"g%%’ﬁa“‘gﬁﬁed@ and &g?‘g’@g’p’\;ﬁ\}%ﬁ é‘?%g{'g'rgddgﬁ@d

' considerations in shaping a voltage profile for use during the parking of a disc drive

! actuator will now be addressed. As a first consideration, in accordance with the
foregoing discussion it is generally desirable to complete the retraction of the acluator

in a short amount of time; that is. before the spindle motor rotational velocity has

b —— e

decreased to the point where an air-bearing surface is no longer available to support
the heads above the discs and. in the case where the spindle motor back EMF is used
as a generator (8 in a power down sequencc), before the voltage generated by the

spindle motor drops below an acceptable rail voltage. Accomplishing the retraction of

- — a e A——— . ba

the actuator in too shott an amount of time, however, will generally result in

undesirable amotmts of acoustic noise and motion, as described above. The amount of
time available in which to retract the actuator, of course, is a function of the spindle
motor speed and inertia of the spinning discs, and will vary significantly among
' different disc drive designs. 1t has generally been found, however, that typical times
available in which to retract the actuator for various conligurations of disc drives have
varied from around 200 milliseconds to mote than 800 milliseconds. It follows that,
with the present trend towards smaller disc drives having greater areal densitics, the
! trend will be towards shorter retraction times in the future. ¥t is essential to first

_____,_,——_-—
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willl be , recogni zed, however, that the present invention is not dependent
upon .the use of a particular type of rvo system and that the present
i nention could be utilized in a disc drive enploying an enbedded servo

system urfiferstind! thé fotd] eineoMidpechvaildtte fhawhich Ry fefihdt theacniator@ad 261 on of

thei servo systemis that. if the servo head 30A can be nmade to seek to and
fol'low a given le:d;ﬁag ade\GItHIR theulBiaftih fran! | data heads 30B
wil | sirrultaneoﬁ@ y séegﬁﬁt(') an mﬁgllow
Another consideration is the effect of the bias forces that act upon the actuator
and the extent that these bias forces tend to force the actuator into the park position.

For example, in the 4 disc, 2.5" diameter disc drives discussed with reference to FIGS.

3-6. the bias forces were found to be sufficient to cause retraction of the heads from a
position at the outermost radius of the disc without any additional application of
voltage across the VCM coil. The operation of the circuit as described therein thus
wotked to fimit the velocity from these forces to a greater extent than for other disc
drives having a smaller inwardly directed bias force, such as the 2 disc, 1.8" diameter
drive discussed with teference to FIGS. 7 and 8. In both cases, however, the citcuits

disclosed herein operate so as to reduce the effect of these forces and fo eliminate

——y ottt b § S Amema St ame

unacceptable acoustic noise and head motion upon parking of the actuators. Of

. course, the bias forces exerted upon an actuator across the radius of the discs are well
understood by those skilled in the art and are a function of several factors, including
the masses in the system, the rotational speed of the discs, the spring forces provided

by the flex citcvit and the location of the actwator pivot point with respect to the discs.
f Generally, it has been found that the greater the bias forces tend to force the actuator

| jmvard towards the park position, Jess drive current will be necessary to drive the
actuator to the park position. It has been therefore found advantageous in such cases
to use. as the allotted retraction time will permit, a voltage profile having a larger

3 l number of voltage steps with fower voltage levels during the first part of the profile.

—_—
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fol low ng, servo data read fromthe servo disc 16A is directed by way of
s%gnal path 38 into a servo |oop 40;¢hich includes a preanplifier block
4d), servo data decode |l ogic 44 which includes an anal og-to-digital (A/ D)

converter (NOoRGReIRlR FielNih)n lets Sigiificant Bias fonss oeRB dhe fak Wosition,
a}soci ated RAM 48 and a VCM control circuit 50, which includes a power anp

and a di gi tal pipes ai QfrehDvil) gSRRNS e Glecdsfief B divenhé adtumoretorthé parkepar at el y

shown). A nore detalled description of the operation of the servo | oop 40

cgn be found bgs'ﬁ&?mﬁfﬁﬁﬁﬂ%&:hy (iR Al adcael diitfgf e Pétradlion ofthe nawater, Al S.
Patent No. 5, 62,907, but generally, the servo |loop of FIG 2 controls the

A desar i bed. S e R e e a1 s
a |d limit the velocity. however, and generally for such drives voltage profiles having fewer
steps and greater voltage levels in each step have been found useful, as provided for
! example by the circuit of FIG. 7. |
l A third consideration in developing an actuator retraction voltage profile is the
specified current recommended by the coil manufacturer in order to assure full
retraction of the actuator: By way of illustration, for a coil having a specified retract
current of 20 mA and a maximum VCM coil resistance of about 14 ohms, a voltage
level of al least (20)(14) = 280 mV would generally be desirable as the final véltage
in the voltage profile to ensure proper retraction of the heads in all circumstances. It
has been found useful. however, to provide the final voltage step in the generated
| profile with a voltage in excess of the calculated required value and then select the
voltage levels for the preceding steps to be fess than this calculated required value.
The selected values for (he voitage profile, of course, should be chosen in view of the
other considerations presented above.
It will be recognized in view of the foregoing discussion that the present

invention is not limited to the particular sizes and characteristics of disc drives

discussed herein, but rather may be applied 1o any disc drive that uses a voice coil

—.

motor to position the actuator. Further, the voltage profiles provided herein are

e

is Sheet Has Been Replaced

- TR




_ [, RECEIVED 1@/17 @1:25 1996 AT 5 | .
met hod fi§r03a¥s8pnd8tize héﬁ’dé%.mm@ndﬁ? 3' SHOWED I8 Vi CaaN{#10kzaChdzg Ui tp 39

of FIG 2 and contains circuitry for inplenenting the preferred enbodi nent
oy the present invention. Before describing the construction and operation
ot the circuitry of FIG 3, however, it may be helpful at this tinme to
fiirst provide an overview of the present :
13 invention. as first enbodied in FIG 3. | | ntion
conpri ses parking an actuator through the applicati o’r]vimgunﬂgmﬂhm;@mﬁr ofile
ofl timed vol tage steps of increasing val us® o an h-brls s %
CLAIMS

1. A disc drive comprising:
a disc (16);
actuator means (26,30);

voice cotl motor means (20) for positioning the actuator means relative to the
dise;
| voltage generation means (84) for generating a plurality of discrete voltage levels;
and retraction means (86,88,60) for receiving a voltage from the voltage

|
|
] generation means and generating a signal based on said voltage for transmitting to the
! voice coil motor means fo control said voice coil motor means to urge the achuator means
| towards a parked position,

| 2.  The disc drive of claim 1 wherein the retraction means receives the discrete
voltage fevels from the voltage generation means and transmits a series of timed, stepped
voltages to the voice coil motor means to urge the actuator means towards a patked

position.

3. The disc drive of any preceding claim wherein the disc drive further comprises
voice coil motor control means (52) for controlling the position of the actuator means
relative to a disc.

A 4.  The disc drive of any preceding claim wherein the actuator means is urged
towards a parked position when the retraction means receives a retract command.

This Sheet Hag
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circuit GSEGPE AP P8 the act-UBLER &&M coil. More part] oulzmlape dbe  p.os
h-bridge driver «circuit is configured during the parking operation so as
to act as a voltage source for —the—coil in which increnentally |arger.

anounts of voltag ss the coil. In this way, the h-bridge
dfi ver circuit seﬂmMng'mmlH he voI gge across the coil as the coil
pEsses t hrough t he ‘magneti cufi e provi de by t he permanent nagnets,

gardl ess of the nmagnitude and direction of the current that flows through
he coil. It wll thus be noted that during thertgark operation, the

Brcwt i s opfr at €The discdrivepafiany presedingycleim whereinrthe rotmctionsmeans gomprdses;| osed
op condition used during driyve tion I sc dri.ves
aving a design smn%wmséé%deWQﬁg{mj&‘Mﬁ;%@Hk% a"grom

wy ndage and fromt |

tpwards the parki%&cggﬁ@%ﬁ%n&g Cﬁ%[aqﬁgpﬁﬁgl%%%ra |ona%1ese rces M‘i

t

end t 0 causegdfifiion means and are for selecting and outputting the voltage levels from the voltage

t
c
I

h

generation means in accordance with the timing pulses from the counting means.

6. The disc drive of any preceding claim, wherein the actuator means reaches the
park position at a sufficiently low velocity as to produce acoustic noise below acceptable
limits.

7. The disc drive of any préoeding claim, wherein the velocity of the actuator means
is limited by back EMF generated by coil (36) in response to inwardly directed bias
N forces upon the actvator means.

3. A disc drive of any preceding claim wherein the disc drive further comprises a
! spindle motor (100) for operably rotating the disc.

P 9.  The disc drive of any preceding claim wherein the disc drive comprises a
plurality of concentric data tracks and a park zone and the actuator means comprises a
transducer positioned adjacent the concentric data tracks during rotation of the disc and
positioned adjacent the park zone when the disc is not rotating.

10.  The disc drive of claim 9 wherein the retraction means operates to urge the
transducer to a park zone.

—_—
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t Han provided for by the voltage source as the actuator is being parked.

However, the additional acceleration of the coil caused by the bias forces
will | cause the generation of a back ‘EMF in the coil which will oppose this
accel eration of th oltage source will thus [imt the

ve'l ocity of the acf“nmm'ﬂimnmlm a dynaﬁc brake, forcing the actuator

to foll ow an accept dbl & vel dtitly frajectory into the park position.

Onl the other hand, if the design of the disc drive is such that the bias

fofrces . . . . . . .
REi_PL ACENENT Sl—}éET The disc drive of any preceding claim wherein the spindle motor ro&tes the disc

at an operational speed and the dise drive further comprises indication means for
indicating receipt of a command to halt rotation of the disc at operational speed and
wherein the retraction means transmits a signal to the voice coil motor means in response

to the indication means.

12.  The disc drive of any preceding claim wherein the plurality of discrete voltage
levels comprises voltages of 0, 5, 10, 20, 40, 80, 160 and 320 millivolts, respectively.

—_— e — -
T

'13.  ‘The disc drive of any of claims 1 to 11 wherein the plucality of discrate voltage
levels comprises voltages of 160 and 320 millivolts, respectively.

14, A method for parking the actuator means of a disc drive of any preceding claim
comprising:

- - -
- — e s e - e

_ 'genetating a plurality of discrete voltage levels;
_ providing a sequence of timing signals;

l using the plurality of voltages and the sequence of timing signals to generate &
voltage profile, the voltage profile comprising the plurality of voltages arranged as a
series of timed, sequential voltage steps, each step having an increased voltage level; and

applying the voltage profile to the voice coil motor to retract the actuator to a

. park position.
!
- l 15.  The method of claim 14, wherein the velocity of the actuator as the voltage

i profile is applied to the voice coil motor is sufficiently Jow $0 as to generate acoustic
noise at a level below acceptable limits,

This Sheet Has Been Replaced:
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t end 'It;o e ke 1Bt uat or oatmuﬁa|f°y';5f rom i he parki iy’ zener( aid bes ack 98S
tlﬁe entire disc or only at certain radiuses on the disc until a null point
i s reached). theﬁﬂﬁe-ﬂ—ﬁeﬁeasrﬁg—voltage profile will be applied to the
coil until SUffIC vided to the actuator to overcone the
oytward bias forc ﬂm @’l Blanm‘laiﬁct uat or o the park 'position. Wen the
bilas forces are oukWwat dly @ rect ed across Ye entire disc surface, the
grjadual application of the voltage across the coil will ensure the actuator
rgaches the park position at an acceptable velocity. On the other hand, as
id nore typicals vinemetitd dfichem 16] wheretarthe steyof gingradng e phedlity of veltages
partion of the disc surface and then outwardly directed at _a second
portion insi deompeisdsigeperating valtages of Be Sy 10,120 400801160 and 320 milipaltsat e t o

lijmt the effects Jethe inwardly directed bias forces until a null point
i o 1y

17. The method of claim 15, wherein the step of generating a plurality of voltages
comprises generating voltages of 160 and 320 millivolts, respectively.
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actuator to overcone the outward bias forces and continue to nove the

ad,:t uator towards the park position at an acceptable velocity. O
cgurse, a different voltage profile is devel oped for each of the above
cases. However, in each case, the heads will generally be parked before
alll the voltages in the profile have bee®applied to the coil, and this
wirll be a function of not only the bias forces upon the actuator. but also
tme mechani cal and electrical offsets in the disc drive as well as the

I hitial position of the heads at the S@s‘xﬂc'i‘he par ki ng operati on.

Nevert hel ess, to ensure the heads are always parked correctly, the maxi num
vgltage in the profile (that iRetrdctiéh bsDissiinivevAdtidge) i s chosen so as to
priovi de at |east the. m ninmum anount of current specified for the coil in
onder to park the heads. These

For low velocity retraction of a disc drive actuator during a parking operation, a

system comprising a voltage generator circuit (84) generates a plurality of discrete dc
voltage levels, a timing circuit (86) provides a series of timing pulses, and a sclection
circuit (88) responsive to the voltage generator and timing circuit outputs a voltage
profile of increasing voltage steps from the voltage levels and the timing pulses, The
voltage profile is provided to a driver circuit (54) that drives a voice coil motor (36,20)
which, in turn, positions the actuator (30) with respect to the discs (16) of the disc drive.
The application of the iroltage profile during the parking operation causes the driver
circuit (54) to act as a voltage source _for the voice coil motor (36,20), External bias

- . ®m.
e — m— — ——— | —— —— ~ — — -

forces upon the actuator tending to force the actuator towards the park position generate
a back EMF in the coil (36) opposing the voltage source of the driver circuit (54) and the
motion of the actuator (30) towards the park position. The coil (36) is thus velocity
lirnited and the voltage profile is selected to bring the actuator (70) to the park position at

- % g,

a terminal velocity sufficiently decreased as to generate acoustic noise below
predetermined, acceptable limits,

[Figure 3] and [Figure 2]

—
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description of the construction and operation of the presently preferred
enbodi nents  of the present invention, ,as follows.

Referring again
o FIG 3. shown therein is the VOM(Jﬁﬁrol circuit 50 of FIG 2, which
ncl udes a conventional VCM control block 52 that provides normal closed-
oop operational control of the coil 36 by way of a conventional h-bridge
Iriver circuit 54. Mre pargd.cularly. duripg normal operation of the disc
drive (that is, dirt al | NS

ich is initiated upo

-
| |
| ' ! 24
i ! | 22
1 ‘ |
', P \168 @
l B : 68 :
| | SERvo
| DATA | .
- DECODE |
: || Loaie L e e -
| {45‘\ y % /’50 {
paM| | 56 | vem l 100
| [seevo CTRL ] y /
| CKTRY .
| L2 . | | spivoLe moToR
| |voLTAGE GENERATOR
e e — ——— - ClRCUIT
? L. =
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RI'—.‘T??RE‘FD IfasBe ) 18204t 1 T of OT.ereER ROCH| 2, the servo mrci7opSB8ETSor FASD

det er mi nes the necessary current magnitude and polarity that should be
pplied to the coil 36, and provides a representative digital signal on
ignal path 56 to the VCM control block 52. The VCM control bl ock 52
ionverts the digital signal to anal og and provides, by way of a power
nplifier (not shown), an analog signal on signal path 58 to an anal og
I'tiplexer 60 (hergnafter "nux"). More ggscussion co

5 ncer ni ng.gishe anal og
X 60 will be provide el_ow, but glgrl ng _n.o.r_traJ_.o.per aLJ_Q_n_m:%Lh.&.dl SC

drive, the anal og fuXx 60 confe f o an out put} si gnal
gath 62, which is pdrovieged gs é%BFEEBVRT%“the r,biadg / k{cuit 54.
Turning to FIG I elixh i s a schematic’lbl (%ck . he
h-bridge driver 54,1 which pripyi des t i red jcuriren hé coi|] 36 by
way of FETs 64, 66.[ 68 gyq N Qﬁ &%@ aa P W
| /'54 (‘90 i & | 97
| jvourace §0 8 52 | L
[ ‘\ I Or—>k ANALOG % 60 I
' peiVREF % : MUX [ / z /-54 l
, / : A t
! 320 T ™ wacos | 36
I _ MUX |
. C > -
. RETRACT
| l 94 2 H-BRIDGE }
: > /-
J if.ﬁé veM ORIVER |
: _ } » CONTROL Y52 l
i | _: f-az ]
!
L o e e e e —— — ———— — s ——— — —— —— d
— IC 1. i 1
| 72__.\.\(5 l 54
]
: l G4—J- \-a
- " i
36 N
‘ S5ENSE \
' 62 7
- H H
d - N
' |- 8- 68 i 0
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gonnection 74. As shown in FIG 4, the signal on signal path 62 fromthe
jnal ,og mux 60 of FIG 3 is provided to the gates of FETs 64 and 70. At the
ane tinme, the signal on signal path 62 is inverted by an inverting

&Ep“flel’ 76 so that an inverted signal is applied to the
PLACEMENT SHEET

’EPLACEIVENT SHEET 3/4 16 - gates of FFTs
66 and 68 by way of signal path 78. In this way. current can be caused
: ' oz
Vebpgux | | o
ACTUATOR ¥
VELOCITY |
o L
II VmAx 1 i
|
! VOLTAGE | 04
. I ’ L_ -
: Ot l
N Ivax | oo ‘
I 108~ |
l CURRENT N\ B
! i
! o ] T T
' i"z'3T4 5 ¢ 1 8
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e
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t,.o[ R W PO ¥ Wpol% age soBAHELERZE GBhrough either FET $418r 4862 Tepefditng
upon the polarity of the signal frompath 62), through the coil 36,
thrqugh the corresponding FET 68 or 70. and then to ground 74. O course,
the magni tude of the current flowng through the coil 36 is determ ned by
t he magnitude of the voltage applied to the pairs of FETs 64 and 70 or 66

ahd 68, respectively. Additionally,, the circuit of FIG 4 is shown
tp include a curreﬁOAse%e bl ock 80, whi @4senses the curren Ssi ng
t hrough the coil 36 and A\ Q- kesporse—thereto, — ides

a—cufTert 3ense

r S2gpindiles §.  The
4 provi des conveni M TORNDYAR i ng
1 th the normal oferhti dngphkg exi ricui t of

shgnal on signal pat
ciirrent sense bl ock 80
wi't hout ot her wi se=
FIG 4. For referen

! C Gugrent sensggbl ogls 40 ey fbe i npl enentped in a
vgriety of ways, inEhutkgy th se——pf—a-Turrant sehse rgaflst pr 1 n
cgnjunction with a :c%rrpargdf_cr rhg a Tur eln.t_....rxi_n’_r_erﬁ-_———.
) | |VOLTAGE {G SEL 1684 L _____ -
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arrangenent, both of which are well known in the art. As wi IRERbACEMENT SHEET
[.n more detail below, current sensing is specifically not used during the
par ki ng operation of the present invention. It will thus be

recogni zed by those skilled.in the art that, during normal operation, the
di sc drive of the present'i-nvention enploys a conventional VCM control
arrangenent with a conventional "h-bridge to control the current passing
through the VCMcoil. It will further be recognized that the h-bridge
driver circuit illustrated in FIG U has been greatly sinplified and that
addi tional conponents. such as a voltage sense circuit and protection

conponents may be commonly enpipyLerIdutoRr® POEC DRIVE
REPLACEMENT SHEET ACTUATOR

This invention relates generally to the field of disc drive data storage devices,
and more particularly. but not by way of limitation. to'a method and apparatus for
providing low velacity retraction of an actuator through application of an exponentially

ramped voltage to a disc drive voice coil motor.

Modem hard disc drives comprise one or more rigid discs that are coated with
a magnetizable medium and mounted on the hub of a spindle motor for rotation at a
constant high speed. Information is stored on the discs in a plurality of concentric
circular tracks by an array of transducers ("heads") mounted for niovement to an
electronically controlled actuator mechanism.

Presently, the most commonly used type df actuator mechanism is the rotary
voice coil actuator, which employs a voice coil motor. With this type of actuator, thel
heads used to write and read data are mounted via flexures at the ends a plurality of
arms which project radially outward from a substantially cylindrica]- actuator body.
The actuator body is journ'aled via ball bearing assemblies to rotate about a pivot shaft

which is mounted to the discidrive housing at a position close_lj&.é‘diacéntﬁihé outer
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17" . shown therein. Ilowever, the h-bridge driver circuit angﬂbMHQMENT'SHEET
Sufficiently detailed to explaln t he operation of the preferred

enbodi ments of the present invention, the first of which will now be

di scussed with reference again to FIG 3. FIG 3 shows. in addition
to the el enents described thus far, a voltage generator circuit .84. a
four-bit counter 86, and an anal og nux 88 having eight inputs (designated
as A through H), three select inputs (&esignated as SO, S1 and S2) and one

out put (oS ARLHF (RS ANEL! the FREE U Rl AR AL LRESIFEABPALRIHE ! oUT ¢ 84

receives a tage ( esi gnat'e pat

generat es Spinlifej:rnalotor an8 the discs and the heads move in a plane parallel with the surfaces

of the discs.

" The actuator voice coil motor includes a coil mounted on the side of the
actuator body oppositc the head arms so as (o be immersed in the magnetic field of an
array of permanent magnets.  When controlled DC current is passed through the coil, a
magnetic field is set up which interacts with the magnetic field of the permanent
magnets and causes the coil to move relative to the permanent magnets in accordance
with the well-known Lorentz relationship. As the coil moves relative to the permanent
magnets, the actuétor body pivots about the pivot shaft and the heads are moved
across the disc surfaces.

Control of the movement of the heads is achieved with a closed loop servo
system such as disclosed in U.S. Patent Number 5,262,907 entitled HARD DISC
DRIVE WITH IMPROVED SERVO SYSTEM, issued to Duffy, McKenzie, Heydari
and Woods, assigned to the assignee of the present invention and incorporated herein
by reference. In such a system, position or servo information is prerecorded on at
least one surface of one of the discs. The servo system can be either a dedicated
servo system, in which servo information is provided on a dedicated servo disc
surface, or an embedded servo systeni, in which servo information is interleaved with
user data on all the disc surfaces.

At such times that the disc drive is not in use, the heads are usually "parked",

or moved to a position over a designated park zone which is generally at an inner
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vol t.age | evels. The reference voltage Vref can be any avaiﬂmww §HE§
voltage sufficient to generate the desired output voltages. In the

enbodi ment presented, the voltage generator circuit 84 generates eight
voltages at 0, 5, 10, 20, 40, 80, 160 and 320 mllivolts, as shown.

Vol tage generator circuits are well kngwm in the art and may be

i npl enented in a variety of ways, including the use of a resistive |adder
network. As shown in FIG 3, the eight voltages generated by the voltage

gener at or mﬁsum the ik e TRsadY infteglrfnl RYtaPkedSinwedoRse ot iRk of paneeidtiey
connected to the eight 1nputs of the analog nmux 88 by way of eight signal

pat hs (desi QBSE?(% iﬁ%%;%ﬁ&é MEA Ystbdpr fc%{nﬁhmﬁl Rfiich i€ T%& to conserve podksS @nhavi ng

connecti ons e sel'ect I nputs'o e analog nux 88 is t counter 86,

which is s h?r\{-\:”ﬂortlz?m le\{sefd&'%i'lti&'}’}‘(ﬁ' <ﬂves Q.Zed Qgp(mglc%mﬁﬂtérg Qn &8&&% MPE the

heads. a current is provided to the coil in order to move the actuator across the disc

and over the park zone, where a latch is provided to secure the actuator. Typical
latching arrangemenis are disclosed by U.S. Patent No. 5,187,627 entitled MAGNETIC |
LATCH AND CRASII STOP. issued to Ilickox and Stram, U.S. Patent No. 5,224,000
entitled CRASH STOP AND MAGNETIC LATCH FOR A VOICE COIL
ACTUATOR, issued to Casey and West, and U.S. Patent No. 5,365,389 entitled
CRASH STOP AND MAGNETIC LATCH, issued November 15, 1994 to Jabbari and
Tafreshi, all of these references being assigned to the assignee of the present invention
and incorporated herein by reference.

It is generally desirable to park the heads quickly, as the bower to park the
heads at the time of a pbwer loss is typically provided from the back EMF of the
spindle motor; that is. after a loss of power, the spindle motor is used as a generator
as it continues to spin due to inertia. As areal densities iﬁcrease and the size of the
discs continue to decrease, the amount of power available from the inertia of the
spinning spindle motor after power down will continue to decrease, making
expeditious parking of the heads an even more important consideration in the future.
The general use of the spindle motor back EMF to provide power used during a disc
drive shut down sequence is discussed in U.S. Patent No. 4,679,102 entitled METHOD

AND MEANS FOR PARKING READ/WRITE HEADS IN A DISC DRIVE USING

REPLACEMENT SHEET

11 DEC 1996




| east. significant output bit and Q4 being the nost signifi cantRERMASGKMENT SHEET
Qutputs Q, Q@ and B are connected as shown to the select inputs So, Sl

and S2, respectively, of the analog nux 88. The counter 86 receives a

cl ock input fromsignal path 92 and an

REPLACEMENT SHEET

REPLACENMENT SHEET 18 enable input from
t he RETRACT si-gnal on si gnal path 94 both of which will be discussed m)re
fully below Thus, as wll be nized, once_the counter 86 is enable

it will begi THHBAGKEME OF flﬂfq Ll MOTRR 30 OPERAI B A LER r@l&tMQﬁ'@Rs

issued to Wevers, Krause and Battu, assigned to the assignee of the present invention
and incorporated herein by reference,

Additionally, the heads are typically supported over the discs by an air-bearing
surface generated by the rotation of the discs and this air-bearing surface will be lost
once the rotational speed of the discs is sufficiently decreased. Typically, the heads
are parked by applying a DC current pulse to the coil in order to move the actuator to
the park position. The duration and magnitude of the current pulse are selected in
order to ensure the heads are reliably parked from any position on the disc, including
the outerrﬁost radius of the disc.

‘While it is desirable to park the heads quickly, attendant problems have been
observed when the actuator is moved too répidly during parking. Particularly, the
application of a current pulse to the voice coil motor to park the heads can result in
significant acceleration of the heads towards the park position, culminating in
undesirable acoustic noise as the actuator contacts a limit stop or magnetic lafch.
Further, the sudden deéeleration of the actuator upon contact with the limit stop can
subject the heads to uncontrolled mechanical motion and vibration, which can damage
the heads, the actuator arms and the disc media. With the advent of smaller, more
complex head designs, such as MR and GMR heads, reducing mechanical motion and
shock to the heads will continue to be desirable in the future. |

Uncontrolled bias forces. if not compensated, can compound the problems

associated with the parking of the heads. Aerodynamic forces on the heads as well as
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out put an increasing digital count on outputs QL through Q4.REPLACEMENT SHEET
Returning to the anal og nux 88, the output Vout is provided by way of a
*signal path 96 to an "A" input of the anal og nux 60, and the signal path
94, which as described above provides the RETRACT signal as an enabl enent
signal to the counter 86, also provides the RETRACT signal as a sel ect
I nput to the anal og nux 60. Havi ng concl uded a brief description of
the construction of the circuitry of FI& 3, operation of the circuitry
wi |l now be discussed. As provided herei nabove,. during normal operation of
the disc drive the VCM control block 52 (in conjunction wth the rest of
the servo loop of FIG 2) provides closed-loop control of the actuator
posi ti on. bias farcesnfpomshfiexheiscuitt domnBEFRECHe Rcyamr (rprovigiediotipdath sihal andat  a
state such that the anal og mux 60 connects the "B" input fromsignal path
58 (provi dinie igeal pathshvary scrasp eheding eadiisrand mayoeduss agditional acesleradon afil
ath 62 an n to the h-bridge

P tﬂe%ea s toward Ele park gosition, causing additional acoustic noise and head motion

when the actuator is parked. Further, electrical and mechanical tolerances in the

components used in the actuator and associated control circuitry can also result in

variations in parking characteristics from drive to drive, which can require individual

tuning of drives during manufacturing to provide acceptable parking characteristics.

In one aspect, the present invention enables the implementation of a method and
apparatus for providing a low velocity retraction of a disc drive actuator during a parking
operation. The apparatus comprises a voltage generator circuit for generating a plurality
of discrete dc voltage levels, a timing circuit for providing a series of timing pulses, and
a selection circuit responsive to the voltage generator and timing circuit that outputs a
voltage profile of increasing voltage steps from the voltage levels and the timing pulses.

The voltage profile is preferably provided to a driver circuit that drives a voice
coil motor which, in turn, positions the actuator with respect to the discs of the disc
drive. The application of the voltage profile during the parking operation causes the
driver circuit to act as a voltage source for the voice coil motor. External bias forces
upon the actuator tending to force the actuator towards the park position generate a back
EMF in the coil, opposing the voltage source of the driver circuit and the motion of the
actuator towards the park position. The actuator is thus velocity limited and the voltage
profile is selected to bring the actuator to the park position at a terminal velocity
sufficiently decreased as to generate acoustic noise and motion below predetermined
acceptable limits.

In another aspect, the present invention enables the implementation of a disc drive

comprising:

a disc;

\ REPLACEMENT SHEET
actuator means; : . s ‘ 11 DEC 1996 '
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dri‘ver circuit 54. However. upon recei pt of a RETRACT commandRERLACEMENT SHEET

control block 52 is switched out of the circuit and is not used during a

head parki ng operation, as described bel ow. Part i cip-at —dpri ng
di sc drive operation a RETRACT command (to retract tREPLAﬁEMUF&'t&HjE 1§ be
generated upon.the occurrence of certain conditiong, such—as (but no[:
limted to) a |l oss of power. the detection of a seji cohdj tion
or error, or the receipt of a "sleep" c@mand. As]di %i?edutjg@&e t is
desirable to park the heads in

REPLACEMENT SHEET
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REPLACEMENT SHER®dice coil motor means for pos1t1omng the actuator means relative to the disk;

voltage generation means for generating a plurality of discrete voltage levels;

and retraction means for receiving a voltage from the voltage generation means

and generating a signal based on said voltage for transmitting to the voice coil motor

means to control said voice coil motor means to urge the actuator means towards a

parked position.

In a still further aspect, the present invention enables the implementation of a

method for parking the actuator means of a disc drive comprising:
generating a plurality of discrete voltage levels;

providing a sequence of timing signals;

using the plurality of voltages and the sequence of timing signals to generate a

voltage profile, the voltage profile comprising the plurality of voltages arranged as a
series of timed, sequential voltage steps, each step having an increased voliage level; and

applying the voltage profile to the voice coil motor to retract the actuator to a
park position.

In a still further aspect, the present invention enables the implementation of a disc
drive having a disc and an actuator adjacent the disc, the disc having a plurality of
concentric data tracks, the disc drive having control circuitry for positioning the actuator
with respect to a selected data track, the control circuitry includihg driver circuitry for
driving a voice coil motor to posiﬁon the actuator, the disc drive comprising:

voltage generation means for generating a plurality of discrete voltage levels; and

retraction means, responsive to the voltage generation means, for applying the
discrete voltage levels as a series of timed, stepped voltages to the driver circuitry to
" retract the actuator to a park position.

In a still furthe; aspect, the present invention enables the implementation of a disc

drive having a disc, a spindle motor for operably rotating the disc at a nominal



19 an expeditiours manner once the conputer has been turneBEEhRCEMENGﬁ§ﬁE§T
failure condi tion has been detected. Simlarly, to conserve battery life,
‘many portabl e conputers provide a sleep option that shuts down spindle

not or operation (either by the user or on a tine-out basis). The present

I nvention, of course, does not depend upon the circunstances surrounding

a RETRACT command, but sinply begins operation once such a command is

recei ved. At such tinme that a REFRACT command is issued after the
occurrence of any of the above described conditions. with reference to

56 and | nstPuct o LI aral g mox G0 Lo Comaet IRl o el ek segie <
out put si grastuaprtwitib Zespéat ¢e thendikd, el diséRaving odresenfife data tracks and a park zone,

the actuator having a transducer positioned by the control circuitry with respect to a
selected data track during rotation of the disc at the nofninal operational speed, the
actuator including a coil of a disc drive voice coil motor, the control circuitry including a
driver circuit for providing current to the actuator coil, the disc drive comprising:

indication means for indicating receipt of 2 command to halt rotation of the disc
at operational speed,

voltage generation means for generating a plurality of voltages at discrete, dc
voltage levels;

timing means for providing a series of timing signals;

selection means, connected to the indication means, the voltage generation means
and the timing means, for outputting a voltage profile to the driver circuit to move the
transducer to the park zone in response to the indication means, the voltage profile
comprising the voltages generated by the voltage generation means arranged as a series
of timed, sequential voltage steps, each step having an increased dc voltage level.

In a still further aspect, the present invention enables the implementation of ‘a
disc drive of the type having a disc, a spindle motor for operably rotating the disc at a
nominal operational speed, an actuator adjacent the disc and control circuitry for
positioning the actuator with respect to the disc, the disc having concentric data tracks
and a park zone, the actuator having a transducer positioned by the control circuitry with
respect to a selected data track during rotation of the disc at the nominal operational
speed, the actuator including a cbil of a disc drive voice coil motor and the control
circuitry including a driver circuit for providing current to the voice coil motor, an

improved method for parking the actuator comprising the steps of:

generating a plurality of voltages at discrete voltage levels; REPL ACEMENT SHEET

providing a sequence of timing signals;

11 DEC 1996




begins counting upward at the frequency provided fromthe cl q:@gppqwn
Qutputs the increnmental count to the select inputs SO, S1 and S2 o %NE@IEET

anal og nux 88. The first eight counts of the counter 86 will thus cause
the anal og nux 88 to sequentially select each of the input voltages

provi ded by the voltage generator circuit 84 to inputs A through H, so
that the signal path 96 is presented with a voltage of O nV for the first
clock period, 5 nV for the second clock geriod, and so on through the
remai ning voltages. Setting the duration of each clock period (as well as
t he nunber and value for the voltages applied within each) depends upon a
variety of factors, including the nechanical and electrical construction
of the disc dsing ¢the plorhlisyldf voltages antl theusequenoe of timiny signds tdgeresdte arviotitggeof a
voltage profile for a disc drive will be provided below For the present
exanpl e, howpsofile, thewhltage profilestapiprisingothie pheralitydef voltages artanged dea serfies of

timed, sequential voltage steps, each step having an increased voltage level; and

applying the voltage profile to the voice coil motor to retract the actuator to a
park position.

In one embodiment to be described below, the voltage profile comprises eight
discrete voltage levels from 0 to 320 millivolts. In another embodiment to be described
below, the voltage profile comprises two discrete voltage levels, 160 and 320 millivolts.

| An object of the present invention is to provide a method and apparatus for
providing low velocity retraction of a disc drive actuator during a parking operation.

Another object of the present invention, while achieving the above stated object,
is to provide a method and apparatus that generates and outputs a voltage profile of
increasing voltage to a disc drive voice coil motor circuit during a parking operation.

Still another object of the present invention, while achieving the above Stated
objects, is to provide the voltage profile such that the velocity of the actuator upon
reaching the park position results in acoustic noise and mechanical motion of the actuator
that are below pré;determined acceptable limits.

Another object of the present invention, while achieving the above stated objects,
is to compensate for external bias forces upon the actuator that tend to accelerate the
actuator towards the park position. '

Yet another object of the present invention, while achieving the above stated
objects, iS to compeﬁsate for significant amounts of mechanical and electrical offsets
within the system. |

Other objects, advantages and features of the present invention will be apparent

from the following descriptioh when read in conjunction with the drawings and appended

clatms. REPLACEMENT SHEET
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100 i | I'i seconds (providing a maxi numtime over which to par k REREAGEMBNTOBHEET
about
REPLACEMVENT SHEET
REPLACEMENT SHEET 20 800
mlliseconds). Such a relatively "slow' clock nmay be obtained by the use of
one or nore divider circuits (not shown) in conjunction with a system
clock, and the use of such techniques i® well known in the art. O
course, during a power shut down condition, as described above the power
provi ded to the Embodimentsofgthapresertdniemiontwitl novs pe deloeibadd bygrwayyofrexample a
spi ndl e notor generator circuit 100, as represented in FIG
only and with reference to the accompanying drawings, in which:
Fig. 1 is a perspective view of a disc drive in which the present invention is
particularly useful;
Fig. 2 is a block diagram of a servo system constructed in accordance with the
present invention, used to control the actuator of the disc drive of Fig. 1;
Fig. 3 is a block diagram of the VCM control circuitry of Fig. 2, showing a first
embodiment of the apparatus of the present invention;
Fig. 4 is a block diagram of the h-bridge driver circuitry of Fig. 3, and also
shows the coil of Figs. 2 and 3;
Fig. 5 us a graphical representation of the velocity of the actuator of Fig. 2 as
well as voltage and current waveforms passing through the coil of Figs 2-4 during a head
parking operation for a particular four disc, 2.5" diameter disc drive;
- Fig. 6 is a graphical representation of the velocity of the actuator of Fig. 2 as
well as voltage and current waveforms passing through the coil of Fig. 3 during 2 head =~
parking operation for another four disc 2.5" diameter disc drive having characteristics
different from the disc drive of Fig. 5;
Fig. 7 is a block diagram of the VCM control circuitry of Fig. 2, showing a

second embodiment of apparatus of the present invention;

REPLACEMENT SHEET
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2.  Such spindle notor generator circuits 100 are well knowﬁEFhACEMEyﬂtsgﬁgT
.operate to provide a rectified DC voltage | evel capable of sustaining the
‘operation of the circuitry | ong enough to properly park the heads and
shut down the disc drive. For additional di scussion, reference may be
made to the previously incorporated Vé:ﬁfs et al. reference, U.S. Patent
No. 4,679.102. As the RETRACT signal on signal path 94 causes the
anal og mux 60 to connect the "A" input to the output on path 62, the

obr i dge ar i ver kAL EEbrt sebreamiplotEol R el o Tk RSB PLERE SRS
S ot s SRR R g e g b o
chosen, of course, wll be those which cause the coil to nove inwardly
t owar ds t heheag patking apgration fogi 9 pareulpeg slise &) dizmeter dise Hivgsh t he h- bri dge
driver circuit during
Turning now to the drawings and more particularly to FIG. 1, shown is a
perspective view of a disc drive 10 of the type in which the present invention is
particularly useful. The disc drive 10 includes a housing base 12 and a top cover (not
shown) which cooperatively engage to foﬁn a sealed housing which serves to protect
delicate internal components from extenal contaminants.
A plurality of discs 16 are mounted for rotation on a spindle motor hub 14
using a disc clamp (not designated). An array of heads (one shown at 30) is mounted
via head arms 26 which are part of an actuator body 22 which is adapted for pivotal
motion about a pivot shaft 24 under control of a voice coil motor, shown generally at
20.
The voice coil motor (VCM) 20 is driven by electronic circuitry (not shown in
FIG. 1) to controllably move the heads 30 to any desired one of a plurality of
concentric circular tracks 18-on the discs 16 along arcuate path 32. At such time
that the heads 30 are to be "parked"”, the heads 30 are moved to a position towards the
innermost radius of the disc 16 and the actuator body 22 is latched in position by way
of a conventional latching arrangement (not shown).
Thus, for the disc drive 10 of FIG. 1, a "park zone" (not designated in FIG. 1)

is established at the innermost radius of the discs 16 so that, when the spindle motor

REPLACEMENT SHEET
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normal operation acts as a current source for the coil, so tREPLAGH‘A%mr%ﬁET
through the <coil is maintained regardless of the voltage across the coil,
this is not the case during the head parking operation; rather, the
h-bridge during the parking operation acts as a voltage source, so that

the voltage across the coil is maintained regardless of the current that

fl ows through the coil. 11

REPLACEMENT SHEET 21

As the sequence r r Qv - Qr i | |
nitially ﬁgﬁa lntp g ét?gﬁg (i q&. ﬂ%ée'a}g:ﬁ& s 50 awﬁ*[ogga- 30 a%(ﬂ?re%%”ﬂglggam

dly di ted bia
nwardly d ! zone epre\ elntmg mechanical damage to the data recording surface of the discs 16 and

to the heads 30. It will be recognized. of course, that the park zone could be located
elsewhere, such as a position towards the outermost radius of the discs 16, but for
purposes of discussion the park zone will be considered to be located towards the
innermost radius.

Signals used to control the VCM 20, as well as signals to and from the heads
30, are passed via a flex circuit 34. Control of the VCM 20 is provided by a servo
system, as shown in FIG. 2. which provides a simplified block diagram of a typical
servo system in which the present invention is particularly useful. Shown in FIG. 2 fs
the actuator body 22 of FIG. 1 which pivots about the pivot shaft 24 when drive
current is applied to a coil 36 which lies. between a pair of permanent magnets (not
shown in FIG. 2). On the opposite side of the actuator body 22 from the coil 36 is
shown the head arms 26 which supports the heads (two of which are desi gnated'as'
30A. 30B) which are arrayed to cooperate with the discs (designated as 16A, 16B)
mounted for rotation on the spindle motor hub 14. While, in actual disc drives, there
could be a larger number of discs. and a head associated with each disc surface, for
purposes of clarity. only two discs 16A. 16B and two heads 30A, 30B are shown.

For this and the following diséussion_. it will be assumed that the disc drive 10
~of the present discussion employs a dedicated servo system, so that the top head 30A
is a servo head and the top surface of the top disc 16A is a servo disé that contains

prerecorded positional servo information. All other heads and discs will be referred to

REPLACEMENT SHEET
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forces on the actuator (including windage and flex circuit fREPGROEMENT SHEET
cause the coil to accelerate even faster through the magnetic field of the
per manent nagnets beyond that which was induced initially by the voltage
source. This additional acceleration through the magnetic field wll
generate a back EMF in the coil that wll _be counterbal anced by the

vol tage provided by the voltage source oftZ he h-bri dge. The net effect is
that. as the voltages are increasingly applied to the FETs, the coil will

be vel oci t yad Tdata keadsthdr \mad/\\mb@ds‘ﬁgndqé@mdtsgs"arqspecéwatw tikavifdex zone at
a velocity wwthin predetermned, desired limts. It will be

recogni zed t Rabgrifgl, headseryihat tHeepresene irtvientidry ispraut ideperatentsupon theiuse of dur i ng
t he parki ng operation, not necessarily at the conclusion of the clock

interval s gfyafrﬁculart e R QQIPB /e WA tHaP the presént 'irﬁ‘éhﬁoﬁ’ﬁoﬁ#i@e wilizedat Ger ,

depending o e el éctri.ca nd mechani cal ™ construction of the disc drive,

as well as tctﬁ(sac ld%grein%iby%g S EmBEARA servo system.

As will be recognized. the basic principle of operation of the servo system is
that. il the servo head 30A can be made to seck to and follow a given servo track 18A
on the servo disc 16A, all data heads 30B will simultaneously seek to and follow
corresponding data tracks 18B. To facilitate this seeking and track following, servo
data read from the servo disc 16A is directed by way of signal path 38 into a servo
loop 40 which includes a preamplifier block 42, servo data decode logic 44 which
includes an analog-to-digital (A/D) converter (not separately shown), a servo
microprocessor 46 with associated RAM 48 and a VCM control circuit 50, which
includes a power amp and a digital-to-analog (D/A) converter (both of which are not
separately shown). A more detailed description of the operation of the servo loop 40
can be found in the previously incorporated Duffy et al. reference, U.S. Patent No.
5,262,907, but generally, the servo loop of FIG. 2 controls the position of the heads

30A. 30B with respect to the_ discs 16A, 16B.

As described above, the present invention provides an improved apparatus and
method for parking the heads, and FIG. 3 shows the VCM control circuit 50 of FIG. 2
and contains circuitry for implementing the preferred embodiment of the present
invention. Before describing the construction and operation of the circuitry of FIG. 3,

however, it may be helpful at this time to first provide an overview of the present

REPLACEMENT SHEET

11 DEC 1996




relative to the disc surface at the tine the RETRACT comrar%ﬁLéCEMgMd,SHEﬁE
.actuator may reach the park position and becone | atched well before the
end of all the clock intervals. In fact, this is one of the benefits of
the present invention, as it will conpensate for a wide variety of

vari ations anong a popul ation of nomnally identical disc drives,

I ncl udi ng significant anmounts of el ddrical and mechanical offsets as well
as head positions. Once the actuator reaches the park position, the

operation GhyddifinC hd Grt lenbodfeliGn F1G. 84 || continue to drive the actuator
inwardly, mnimzing the effects of bouncing as :

The present invention comprises parking an actuator through the application of
a voltage profile of timed voltage steps of increasing value to an h-bridge driver
circuit used to drive the actuator VCM coil. More particularly, the h-bridge driver
circuit is configured during the parking operation so as to act as a voltage source for
the coil in which incrementally larger amounts of vollage are applied across the coil.
In this way, the h-bridge driver circuit sets and maintains the voltage across the coil as
the coil passes through the magnetic field provided by the permanent magnets,
regardless of the magnitude and direction of the current that flows through the coil. It
will thus be noted that during the park operation, the circuit is operated in an open
loop condition in comparison to the closed loop condition used during normal drive

operation.

For disc drives having a design such that bias forces on the actuator (such as
from windage and from the flex circﬁit) tend to force the actuator inwardly towards
the parking zone. during a parking operation these forces will tend to cause the
actuator to try to accelerate towards the parking zone at a rate fastér than provided for
by the voltage source as the actuator is being parked. However, the additional

| acceleration of the coil caused by the bias forces will cause the generation of a back
EMF in the coil which will oppose this acceleration of the actuator. The voltage
source will thus limit the velocity of the actuator and act as a dynamic brake, forcing
the actuator to follow an acceptable velocity trajectory into the park position.

On the other hand. if the désign of the disc drive is such that the bias forces

REPLACEMENT SHEET

11 DEC 1996




22 the actuator engages a limt stop or other |atching arr&ﬁﬁﬁﬁgEMENT-SHEET
Further, as shown in FIG 3, it wll be recognized that the 4 output Of
the counter 86. which is provided on signal path 97, can be used if

desired to cause activation of a spindle notor dynam c brake circuit 98

by activating appropriate spindle drivefgcircuitry (not shown). Such

spi ndl e notor dynam c brake circuits are well known in the art and serve to
hal t further rotation of the spindle notor hub (14 in FIGS. | and 2) by
instructing the spindle notor driver circuitry to effectively short the
mul ti pl e phases of the spindle not or toget her. To further
illustrate the operation of the circuiit of FIG 3, FIGS. 5 and 6 have been

52?;/;3?61%&&05 o(r)cv,_g t% %gmafo? l.ou{\%%ﬁ-'s rgr%%é 8zr1]r in?gf zorh%ét(ejitl\\/gla%goisg ¥He gn%rle
disc or only at certain radiuses on the disc until a null point is reached). then the
increasing voltage profile will be applied to the coil until sufficient force is provided
‘to the actuator to overcome the outward bias forces and move the actuator to the park
po_sitidn. When the bias forces are outwardly directed across the entire disc surface,
the gradual application of the voltage across the.coil will ensure the actuator reaches
the park position at an 'accéptable velocity. On the other hand, as is more typical,
when the bias forces are inwardly directed for some portion of the disc surface and
then outwardly directed at a second portion inside the first portion, the voliage proﬁle
will operate to limit the effects of the inwardly directed bias forces until a null point is
reached; then, the vdltage profile will provide sufficient force to the actuator to
overcome the outward bias forces and continue to nﬁové the actuator towards the park
position at an acceptable velocity.

Of course, a different voltage profile is developgd for each of the above cases.
However. in each case, the heads will generally be parked before all the voltages in
the profile have been applied to the coil, and this will be a function of not only the
bias forces upon the actuator, but also the mechanical and eleclricai offsets in the disc

drive as well as the initial position of the heads at the start of the parking operation.

Nevertheless, to ensure the heads are always parked correctly, the maximum voltage in
the profile (that is, the last step voltage) is chosen so as to provide at least the.
minimum amount of current specified for the coil in order to park the heads. These

and other considerations will be explained in detail below in conjunction with a
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coil current duri ng a park operation for two particul aj Eij ng@ﬁmeggﬁgﬁ- t he

. same nodel type) having sonewhat different electrical

characteristics. For reference, the drives represent ed |n FIGS. 5 and 6
are 2.5" dianeter, four disc systens in which bias forces tend to force
the actuators towards the park positionsat all disc radiuses. These drives
have relatively large spindle inertias, flex circuit biases and radial

force components from head aerodynanmi c eff i nn | G 5,

shown t herdeserifitionzofithe genstguckion gd eperatien A ﬁ’%ﬁeﬁg ?an‘if%‘WE’@go‘gmf"Q het
current curve 106 plotted over a conmpn x-axis representing tinme el apsed
during a panké peesempiavaitionnas fllews: axi s is shown to have 8 divisions, with
each divi sion corresponding to one of the eight clock intervals conprising

the parking g d&@ dh@ﬁ'@ﬁd\% thé}/éihfhlﬂ?erC‘Mlcaﬁtw cintift [50rsif FIGznce
to FIG 3, the |rst Ision of FIG 5 represents the clock interval

during whi I2C Q\J‘EIH‘I il He % idertfonat e TotrdMlodl'S2 B %P&flg&vﬂoﬂngpclosed—

loop operational controf of the coil 36 by way of a conventional h-bridge driver circuit

54. More particularly. during normal operation of the disc drive (that is, during all
operations other than a head parking operation which is initiated upon receipt of a
RETRACT command). with reference to FIG. 2, the servo microprocessor 46 |
determines the necessaf,v current magnitude and polarity .that should be applied to the
coil 36, and provides a representative digital signal on signal path 56 to the VCM
control block 52. The VCM control block 52 converts the digital signal to analog and
provides, by way of a power ampliﬁér (not shown), an analog signal on signal path 58
to an analog multiplexer 60 (hereinafter "mux"). More discussion concemning the
analog mux 60 will be provided below, but during normal operation of the disc drive,
the analog mux 60 connects the signal path 58 to an output signal path 62, which is
provided as an input to the h-bridge driver circuit 54.

Tumning to FIG. 4, shown therein is a schematic block diagram of the h-bridge
driver 54, which provides the desired current to the coil 36 by way of FETs 64, 66, 68
and 70, a voltage source 72 (providing a voltage Vs), and a ground connection 74. As
shown in FIG. 4, the signal on signal path 62 from the analog mux 60 of FIG. 3 is
provided to the gates of FETs 64 and 70. At the same time, the signal on signal path

62 is inverted by an inverting amplifier 76 so that an inverted signal is applied to the
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REPLACEMENT SHEET | 23 Hmrﬁmﬂ?hfr
clock interval during which 5 nV is outputted by the nmux and so on oﬁpﬁﬁg

remai ning divisions. It will be recognized that these curves have been
snoot hed and are shown as approxi mati ons, neglecting | ow |l evel effects
(such as from noise) that woul d be observed fromactual, unfiltered
measur enent s. For the disc drive corresponding to FIG 5. it wll
be noted that- the heads are positiod®d at the outernost radius of the

di scs before the head park operation begins at .the first division
(di vi si on ngattreof BETS 6 and §8rhyeway of SEnREPAGE: I B AERY. SHTENh San be caused

to flow from the voltage source 72, through either FET 64 or 66 (depending upon the
polarity of the signal from path 62), through the coil 36, through the corresponding
FET 68 or 70, and then to ground 74. Of course, the magnitude of the current flowing
through the coil 36 is determined by the magnitude of the voltage applied to the pairs

of FETs 64 and 70 or 66 and 68, respectively.

Additionally, the circuit of FIG. 4 is shown to include a current sense block 80,
which senses the current passing through the coil 36 and, in response thereto, provides
a current sense signal on signal path 82 back to the VCM control block 52 of FIG. 3.
The current sense block 80 of FIG. 4 provfdes conventional current sensing without
otherwise interfering with the normal operation of the circuit of FIG. 4. For reference,
the current sense block 80 may be implemented in a variety of ways, including the use

| of a current sense resistor in conjunction with a comparator or using a current mitror
arrangement, both of which are well known in the art. As will be described in more
detail below, current sensing is specifically not used during the parking operation of
the present invention.

It will thus be recognized by those skilled in the art that, during normal
operation, the disc drive of the present invention employs a conveﬁtional VCM control
arrangement with a conventional h-bﬁdge to control the current passing through the

 VCM coil. It will further be recognized that the h-bridge driver circuit illustrated in
FIG. 4 has been greatly simplified and that additional components. such as a voltage

sense circuit and protection components may be commonly employed, but are not
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during the park operation, the actuator noves a ”BX'”U”1d$EW@AGEMENT1§HEET
sweeps across the discs. As depicted by the velocity curve 102. at e
begi nning of the head park operation, the heads accel erate towards the
park zone and then quickly decelerate, reaching the park position
designated by a dotted |ine 110 about halfway into the second division.
Exam nati on of the voltage curxg 104 during the parking of the actuator
reveals that only a nom nal unt of voltage is applied to the h-bridge

el oot  AHRGRE! GRIMBOR L Rolndhe] B ATERY, ﬁag fid | cant

anount of a ne a rve di rec |on coil
during this sane_ period ther sh cont nU| 108 is
Shown"i n 't He eSDIpIrEIE QSFYion AN PrrrEe T bdipents Gh dir freserd Reations B¥ 170)
indicating a slight oscillation of current (and representing a smal |

amount of Hirshef whichfwillheows be discussed poth ebmvencetagaintodiiG: Be graph, after the

act uat or
FIG. 3 shows, in addition to the elements described thus far, a voltage

genérator circuit -84, a four-bit counter 86, and an analog mux 88 having eight inputs
(designated as A througﬁ H), three select inputs (designated as SO, S1 and S2) and one
output (designated as Vout). Particularly, the voltage generator circuit 84 receives a |
reference voltage (designated as Vref) on signal path 85 and generates a plurality of
voltage levels.. The reference voltage Vref can be any available disc drive voltage
sufficient to generate the desired output voItages.. In the embodiment presented, the
‘vo!tage generator circuit 84 generates eight voltages at 0, 5, 10, 20, 40, 80, 160 and
320 millivolts, as shown. Voltage generator circuits are well known in the art and

- may be imﬁlemenled in a variety of ways, including the use of a resistive ladder
network. As shown in FIG. 3, the eight voltages generated by the voltage generator
circuit 84 are provided as outputs which are correspondingly connected to the eight
inputs of the analog mux 88 by way of eight signal paths (designated collectively in
FIG. 3 as item 90).

| Also having connections to the select inputs of the analog mux 88 is the

counter 86, which is shown to have dutputs Q1. Q2. Q3 and Q4. with Q1 being the
least significant output bit and Q4 being the most significant output bit. Outputs QI,
Q2 and Q3 are connected as shown to the select inputs SO, ST and S2, respectively, of

the analog mux 88. The counter 86 receives a clock input from signal path 92 and an
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reaches the park position and is latched, the voltage cBREPCACEMENTISHBET
.current curve 106 for the remaining divisions 3-8 are closely correl ated,
and the velocity curve 102 shows no notion of the actuator during this
time. 24 Finally,
FIG 5 shows the voltage curve 104 to have a voltage of near O ny at the
begi nni ng of division 1. indicat#ﬁg that the electrical offset as neasured
for the circuitry fromthe voltage generator circuit 84 of FIG 3 to the

coi | 36 ofenkble inputiffom SssRETRACY sipanti orabignalhyetis 94ebath of athith wéll ber t he
electrical offset of the disc drive :
discussed more fully below. Thus, as will be recognized, once the counter 86 is
enabled, it will begin counting at a frequency determined by the clock input and
output an increasing digital count on outputs QI through Q4.

Returning to the analog mux 88, the output Vout is provided by way of a
signal path 96 to an "A" input of the analog mux 60, and the signal path 94, which as
described above provides the RETRACT signal as an enablement signal to the counter
86, also provides the RETRACT signal as a select input to the analog mux 60.

Having concluded a brief description of the construction of the circuitry of
FIG. 3, operation of the circuitry will now be discussed. As provided hereinabove,
during normal operation of the disc drive the VCM control block 52 (in conjunction
with the rest of the servo loop of FIG. 2) provides closed-loop control of the actuator
position. To accomplish this, the RETRACT signal on signal path 94 is at a state
such that the analog mux 60 connects the "B" input from signal path 58 (providing the
output of the VCM control block 52) to output signal path 62 and on to the h-bridge
driver circuit 54. However. upon receipt of a RETRACT command, the VCM control
block 52 is switched out of the circuit and is not used during a head parking operation,
as described below.

Particularly, during disc drive operation a RETRACT command (to retract the

~ actuator) will be generated upon the occurrence of certain conditions, such as (but not
limited to) a loss of power. the detection of a serious failure condition or error, or the

receipt of a "sleep” command. As discussed above, it is desirable to park the heads in
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considered in FIG 6. which as described below w ||l be sho 5]
significant anount of negative offset. Tur ni ng nO\;vwEﬂdﬂ 'F@Eﬁg?sHEEr
shown therein is a simlar graph as presented in FIG 5; particularly,

FIG 6 provides a graphical representation of a velocity curve 112, a
voltage curve 114 and a current curvgg 116 for a second disc drive. As in
FIG 5, the parking operation begins with the heads at an outernost radius

on the discs at the beainni lvisipn, . As the parkjn ration is
it at od Vi fest B G 4 O, B fhsen ot D G SheR p MR
actuator to be, accel erated towards,the park position and then nore
gradual |y d@@élt@ﬂdlaég’e%ﬁe‘@ﬁte@b&m”@% tp £gnseRyanbptisry lifis, manypor@blenner e t he
actuator finally contacts the latching arrangenent at a dotted |ine
denot ed as copfputess provide a lsteep eption that shuts doih 2pikdlenGor Dpetation \(eithee ittyy
curve 112 of

the user or on a time-out basis). The present invention, of course, does not depend

upon the circumstances surrounding a RETRACT command, but simply begins-
operation once sn;ch a command is received.

At such time that a RETRACT command is issued after the occurrence of any
of the above described conditions. with reference to FIG. 3, a signal is provided on
signal path 94, which enables the counter 86 and instructs the analog mux 60 to
connect input signal path 96 to output signal path 62. Once enabled, the counter 86
begins counting upward at the frequency provided from the clock input, and outputs
the incremental count to the select inputs SO, S1 and S2 6f the analog mux 88. The
first eight counts of the counter 86 will thus cause the analog mux 88 to sequentially
select each of the input voltages provided by the voltage generator circuit 84 to inputs
A through H, so that the signal path 96 is presented with a voltage of 0 mV for the
first clock period, 5 mV for the second clock period, and so on through the remaining
voltages. Setting the duration of each clock period (as well as the number and value
for the voltages applied 'withiﬁ each) depends upon a variety of factors, including the
mechanical and electrical construction of the disc drive, and additional discussion
concerning the tailoring of a voltage profile for a disc drive will be provided below.
For the present example, however, each of the eight clock periods is on the order of

100 milliseconds (providing a maximum time over which to park the heads of about
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FIG.6 shows that the velocity of the actuator at contact REPsNCEMENTSHEET
reduced so as to provide acoustic noise and notion w thin predeterm ned,
acceptable limts. After the actuator reaches the park position, the
velocity of the actuator remains at 0, as expected. , Exam nati on of
the voltage curve 114 shows that a negative amobunt of voltage is applied
to the coil during the parking operati“dn and this is a result of the

negat ! ve | JeShilifebbnd) S5th A'rehaliCel§ OBobA!ciddid iy eXord M ihe REWMcHE LN ©

REPLACEMENT SHEET,, . o e . . . .
REPL ACENENP! appredivider circuits (not shown) in conjunction with a system clock, and the use

of such techniques is well known in the art. Of course, during a power shut down
condition, as described above the power provided to the circuit is generated from the
spindle motor by way of a spindle motor generator circuit 100, as represented in FIG.
2. Such spindle r'notor generator circuits 100 are well known in tiae art and operate to
provide a rectified DC voltage level capable of sustaining the operation of the circuitry
long enough to properly park the heads and shut down the disc drive. For additional
discussion, reference may be made to the previously incorporated Wevers et al.
reference, U.S. Patent No. 4,679.102.

As the RETRACT signal on signal path 94 causes the analog mux 60 to
.connect the "A" input to the output on path 62, the voltages placed on signal path 96
by the analog mux 88 are provided to the h-bridge driver circuit 54. With reference to
FIG. 4, the voltages on signal path 62 are applied to the appropriate pair of FETs,
either 64 and 70 or 66 and 68, depending on the orientation of the coil (the FETs
chosen, of course, will be those which cause the coil to move inwardly towards the
park zone). It will be recognized that, although the h-bridge driver circuit during
normal operation acts as a current source for the coil, so that the cuﬁent through the
coil is maintained regardless of the voltage across the coil, this is not the case during

~ the head parking operation; rather, the h-bridge during the parking operation acts as a
voltage source, so that the voltage across the coil is maintained regardless of the

current that flows through the coil.
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25 still effectively parked by about the beginning of the BEPUACEMENT SHEET
The current curve 1 16 of FIG 6 also shows that current flowed in a

negative direction while the heads were parked. Havi ng now
concl uded the discussion concerning FIGS. 3-6 for the first enbodi nent of
the present invention, reference will n@w be directed to FIG 7, which
shows a second enbodi nent for the VCM control circuit 50 of FIG 3,

desi gnat ed geneAalthe/seascii@/af violtagas|dre providudetosthe FEETshthe achiator seitloinitially
enbodi ment is presented to briefly illustrate the construction and

oper ati on Ofecty alceferatingCthe hedda todafdl the pari ¥shel ?‘Mbﬂ@ver,cmfaﬁﬂg@iﬂeét%ﬂ tfas
different fromthose presented for the disc drive of FIGS. 3-6. Mire

Cont ol i P Ok spaitk e g Aptise Gid AP oRUICTRAG) A cpdefiunt B

relatively | I ndl . -
clatively accelerdte e\genef'aster through the magnetic field of the permanent magnets beyond

that which was induced initially by the voltage source. This additional acceleration
through the magﬁelic field will generate a back EMF in the coil that will be
counterbalanced by the voltage provided by the voltage source of the h-bridge. The
net effect is that. as the voltages are increasingly applied to the FETs, the coil will be
velocity limited and will cause the heads to arrive at the park zone at a velocity within
predetermined. desired limits.

It will be recognized that the heads will be effectively parked at some point
during the parking operation, not necessarily at the conclusion of the clock intervals
(i.e., the eighth interval for the circuit of FIG. 3). Rather, depending on the :e;lgctrical
and mechanical construction of the disc drive, as well as the location of the heads
relative to the disc surface at the time the RETRACT command is issued, the actuator
may reach the park position and become latched well before the end of all the clock
intervals. In fact, this is one of the benefits of the present invention, as it will
compensate for a wide vari:t}" of variations among a population of nominally identical
disc drives, including significant amounts of electrical and mechanical offsets as well
as head positions.

Once the actuator reaches the park position, the operation of the circuit of FIG.

3 will continue to drive the actuator inwardly, minimizing the effects of bouncing as
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i nerti a, a flex circuit bias null point well outside the iﬁ”ﬂEFLA@EMENTQ‘SHEET
the discs and a |ow radial force conponent from head aerodynam c effects.

In contrast to the relatively high spindle inertia disc drive of FIGS. 3-6
whi ch provided about 800 mlliseconds of tinme in which to park the
actuator, the disc drive considered wpeh respect to FIG 7 has a much

| ower spindle inertia and requires parking of the actuator in |ess than

ar ound 3501I1'E"dchiam%dc§s a limit stop BEbeef 1ihiR® Wrhipemich. 7’;11|1f1ér. W SHovhEin

recogni zed that the control circuit 50A"is very simlar in

ot ek db R R kSl e Do Bk il 35 i BpElset '

vol tages, one at, 160 mV and the secaond at 320 nV, for selection by an
anal og musn signal path 9dpeasbe used: if desited o) cause activiation ebaspmdlesmatorAs wi | | be

recogni zed, the ) . _ :
dynamic brake circuit 98 by activating appropriate spindle driver circuitry (not shown).

Such spindle motor dynamic brake circuits are well known in the art and serve to halt
further rotation of the spindle motor hub (14 in FIGS. 1 and 2) by instructing the
spindle motor driver circuitry to effectively short the multiple phases of the spindle
motor together. |

To further illustrate the operation of the circuit of FIG. 3, FIGS. 5 and 6 have
been provided which show graphical representations of head velocity, coil voltage and
coil current during a park operation for two particular disc drives (of the same model
type) having somewhat different electrical and mechanical characteristics. For
reference, the drives represented in FIGS. 5 and 6 are 2.5" diameter, four disc systems
in which bias forces tend to force the actuators towards the park position at all disc
radiuses. These drives have relatively large spindle inertias, flex circuit biases and
radial force components from head aerodynamic effects. Beginning with FIG. 5,
shown therein is a velocity curve 102, a net voltage curve 104 and a net current curve
106 plotted over a common x-axis representing time elapsed during a parking
operation. The x-axis is shown to have 8 divisions, with each division corresponding
to one of the eight clock intervals comprising the parking operation described above.
More particularly, with reference to FIG. 3, the first division of FIG. 5 represents the

clock interval during which the analog mux 88 outputs 0 mV, the second division
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REPLACEMENT SHEET REP{Z&CEMEN’F BHERT of
-the circuit of FIG 7 results in a voltage profile conprising tw equal
duration steps, the first at 160 nV and the second at 320 nV to the anal og
mux 60, for application to the h-bridge driver 54, with each step (or
clock interval) having a duration23f around 150 mlliseconds. The

sel ection of two voltage steps in the profile for the disc drive of FIG 7

the Vol | agEPreear dhe ek e AP Biufte thER S5 uRuled REME et P Eher gy

Qgﬁfzzar %/htﬁ)ct)' t 2 [’é(m;lgﬁghd?? glsbng ueltt\\ollltbré:erelcjtl);?ze]:iOtlr1§tet%es%ncutnbe% h%gte %%ct:r? o
smoothed and are shown as approximations, neglecting low level effects (such as from
noise) that would be observed from actual, unfiltered measurements.

For the digc drive corresponding to FIG. S. it will be noted that the heads are
positioned at the outermost radius of the discs before the head park operation begins at
the first division (division number 1) in response to the RETRACT command, so that
during the park operation, the actuator moves a maximum distance as it sweeps across
the discs. As depicted by the velocity curve 102. at the beginning of the head park
operation, the heads accelerate towards the park zone and then quickly decelerate,

reaching the park position designated by a dotted line 110 about halfway into the

second division.

Examination of the voltage curve 104 during the parking of the actuator reveals
that only a nominal amount of voltage is applied to the h-bridge driver; however, the
current curve 106 shows that a relatively significant amount of current actually flows
in a negative direction through the coil during this same period. As further shown in
FIG.5, a discontinuity 108 is shown in the current curve 106 at the point of contact
(dotted line 110), indicating a slight oscillation of current (and representing a small
amount of bouncing of the actuator upon contact). From the graph, after the actuator
reacheé the park position and is latched, the voltage curve 104 and the current curve
106 for the remaining divisions 3-8 are closely correlated, and the velocity curve 102

shows no motion of the actuator during this time,
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counter 86A is shown as a four-bit counter with the B out FREPLLAOEME‘NTHSHEﬂ
selection input SO to the analog nmux 88A and the 4 output engaging the
spindle dynamic brake circuit 98; however, it will readily be recogni zed

t hat any nunmber of n-bit counter configurations could be used and that the
use of a four-bit counter (in both FpgS. 3 and 7) is nerely for purposes
of illustration, not limtation. Referring nowto FIG 8, shown
therein is a graphical_representation of net velocity, voltage and current
for the disc dri Emaﬂnrﬁl@érsm\wthmvoléawr@meel%t@m avoltage of peap® nay atr| G
8 being simlar to FIGS. 5 and 6, previously discussed above. As

represent edtherb ing efdisisivh Flifdic&ing that the\sleotrdend ofiket aarmedsded, fos i ng
the two- clocked intervals used in the profile, so that the anal og nux 88A

of FIG 7 ogiiduithy fronPtherddlidps Eaﬁ:rzilﬂecif'étﬁtSM 8f VIGI Plo BREoAZs SMItir4 RY the
second di vi si on. ~ As“shown in FIG 8, the velocity of the actuator
I's represenigthiirty\tHohfifidll Yihe same is not true for the electrical offset of the disc drive
considered in FIG. 6, which as described below will be shown to have a significant

amount of negative offset.

Tuming now to FIG. 6, shown therein is a similar graph as presented in FIG.
5; particularly, FIG. 6 provides a graphical representation of a velocity curve 112, a
voltage curve 114 and a curfent curve 116 for a second disc drive. As in FIG. 5, the
parking operation begins with the heads at an outermost radius on the discs at the
beginning of division 1. As the parking operation is initiated with a RETRACT
command, the velocity curve 112 shows the actuator to be accelerated towards the
park position and then more gradually decelerated out to about the beginning of
division 6, where the actuator finally contacts the latching arrangement at a dotted line
denoted as 120. As with the velocity curve 102 of FIG. 5, the velocity ctlrvé 112 of
FIG. 6 shows that the velocity of the actuator at contact is sufficiently reduced so as
to provide acoustic noise and motion within predetermined, acceptable limits. After
the actuator reaches the park i:osition, the velocity of the actuator remains at 0, as
expected.

Examination of the voltage curve 114 shows that a negative amount of voltage
is applied to the coil during the parking operation and this is a result of the negative

electrical offset of the control circuitry. However, despite this offset, the actuator is
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profile curve 122 which begins in a position having the Hﬁﬁﬁ@QEyga“é§H§ETan
outernost diameter of the discs. The velocity profile curve 122 indicates

an initial acceleration of the actuator towards the park position,

foll owed by a deceleration so as to reach the

REPLACEMENT SHEET
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and engage a - magnetic latch (not shown) at an acceptable velocity at a

gggp; t Idgzot;ﬁnl Picvalo phikdd by iotShe HeinnitgSsT, the ditindividien. "The comedt digve
116 of FIG. 6 also shows that current flowed in a negative direction while the heads
were parked.

Having now concluded the discussion conceming FIGS. 3-6 for the first
embodiment of the present invention, réf'erence will now be directed to FIG. 7, which
shows a second embodiment for the VCM control circuit 50 of FIG. 3, designated
generally as S0A. 1t will be understood that this second embodiment is presented to
briefly illustrate the construction and operation of such a circuit for a disc drive having
characteristics different from those presented for the disc drive of FIG8; 3-6. More
particularly, FIG. 7 is provided to illustrate an embodiment for the VCM control
circuit S0A for a 2 disc. 1.8" diameter disc drive having a relatively low spindle
inertia, a flex circuit bias null point well outside the inner radiﬁs of the discs and a
low radial force component from head aerodynamic effects. In contrast to the
relatively high spindle inertia disc drive of FIGS. 3-6 which provided about 800
milliseconds of time in which to park the actuator, the disc drive considered with
respect to FIG. 7 has a much lower spindle inertia and requires parking of the actuator
in less than around 350 milliseconds.

Referring now to FIG. 7. it will be recognized that the VCM control circuit
50A is very similar in construction and operation to the VCM control circuit 50
presented in FIG. 3. with the exception that a voltage generatof circuit 84A provides
two voltages, one at 160 mV and the second at 320 mV, for selection by an analog

mux 88A in response to timing pulses from a counter 86A. As will be recognized, the
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net .vol tage across the coil 36 as well as the net current ﬁEﬁ'&Q&MENIeSE@ET

.36 are represented by voltage curve 124 and current curve 126,
respectively. Havi ng concl uded t he di scussion concerning FIGS. 7 and
8, additional considerations in shaping a voltnge profile for use during
the parking of a disc drive actuatorzgv ||l now be addressed. As a first
consideration, in accordance with the foregoing discussion it is generally

desirabl e Re@AGPbEIR diftait ofiITEr 7iresulnsf intdheolage peofile comprisingitonteqmabunt  of
time; that 1Is, before the spindle notor rotational velocity has decreased

to the poi HBmWGﬁrsﬁg@,”lh@iﬂrstllﬁqr@riﬁvsdmftﬁ@Qeéo‘hdQ@BQOEHWQQQIY@M Anix0605 UppPoOT t
t he heads above t discs and in the case where the spindle notor back EMF

5 2250 PRI Mg B0, SIS SUETB oGS g 0
tAfﬁ;’frpLL\sAQhQ%ﬁ%&%ﬂa? i gﬁggf)rﬂgﬁ;egg%ﬁ}f flgpt éje?éé?ironior} tivo Vo tQé’é gtegsn iﬁaﬁgup%ﬁfg
for the disc drive of FIG. 7 is in part govemed.by the shorter time available to park
the heads, and tﬁe voltage levels selected are further governed by the additional energy
necessary to park the heads due to the bias forces on the actuator. Of course, the
counter 86A is shown as a four-bit counter with the. Q3 output providing the selection
input SO to the analog mux 88A and the Q4 output engaging the spindle dynamic
brake circuit 98; however, it will readily be recognized that any number of n-bit
counter configurations could be used and that the use of a four-bit counter (in both
FIGS. 3 and 7) is merely for purposes of illustration, not limitation.

Referring now to FIG. 8, sﬁoWn therein is a graphical representation of net
velocity, voltage and current for the disc drive considered with reference to FIG. 7, the
graph of FIG. 8 being similar to FIGS. 5 and 6, previously discussed above. As
represented on the x-axis of FIG. 8. two divisions are provided, showing the two
clocked intervals used in the profile, so that the analog mux 88A of FIG. 7 outputs
160 mV during the first diviéion and 320 mV during the second division.

As shown in FIG. 8, the velocity of the actuator is represented by velocity
profile curve 122 which begins in a position having the heads located at an outermost
diameter of the discs. The velocity profile curve 122 indicates an initial acceler_ation

of the actuator towards the park position, followed by a deceleration so as to reach the
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undesi rabl e anounts of acoustic noise and notion, as descREPRACEMENT.SHERT
anmount of tinme available in which to retract the actuator, of course, is a
function of the spindle notor speed and inertia of the spinning discs, and
will vary significantly anong different disc drive designs. It has
general ly been found, however, that typical tinmes available in which to
retract the actuator for various con27gurations of disc drives have varied
fromaround 200 mlliseconds to nore than 800 m' | 1'i seconds. It follows
that, wth_t Y ' : er
areal densiRd g%’(’?‘mé%ﬂ{’ %@&‘fn? gslgwarh&eg %Fq'ﬁet&gtc@?écl){r’\atg?%?a%n t he

future. It i essentjal to.f
REPL ACENVENTP 3 oted by a dolteé fie

net voltage across the coil 36 as well as the net current through the coil 36 are

130. Likewise, during the head parking operation, the

represented by voltage curve 124 and current curve 126, respectively.

Having concluded the discussion conceming FIGS. 7 and 8, additional
consideratio.ns in shaping a voltage profile for use during the parking of a disc drive
actuator will now be addressed. As a first consideration, in accordance with the
foregoing discussion it is generally desirable to complete the retraction of the actuator
in a short amount of time; that is, before the spindle motor rotational velocity has -
decreased to the point where an air-bearing surface is no longer available to support
the heads above the discs and. in the case where the spindle motor back EMF is used
as a generator (as in a power dovwn sequence), before the voltage generated by the
spindle motor drops below an acceptable rail voltage. Accomplishing the retraction of
the actuator in too short an amount of time, however. will generally result in
undesirable amounts 6f acoustic noise and motion, as described above. The amount of
time available in which to retract the actuator, of course, is a fuﬁction of the spindle
motor speed and inertia of the spinning discs, and will vary significantly among
different disc drive designs. It has generally been found, however, that typical times
available in which to retract the actuator for various configurations of disc drives have

" varied from around 200 milliseconds to more than 800 milliseconds. 1t follows that,
with the present trend towards smaller disc drives having greater areal densities, the

trend will be towards shorter retraction times in the future. It is essential to first
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28 .understand the total tine budget available in which to retract the

-actuator and to ensure the retraction takes place within tI‘ﬁEﬁ%AGEMM SHEET

frane. Anot her consideration is the effect of the bias forces that
act upon the actuator and the extent that these bias forces tend to force
‘the actuator into the park positioreg For exanple, in the 4 disc, 2.5"

di ameter disc drives discussed with reference to FIGS. 3-6, the bias forces
were found to be sugficient to .cause,retraction of the heads froma

posi ti on atundeetasd:the tefak timgbudget available in whidly torstract dhs actuaipr anshta
application of voltage across the VCM coil. The operation of the circuit as

descri bed tdmgurei the rétraction tdkes plage hvithin thehalloteddimné frafeom t hese forces to a
greater extent than for other disc drives having a smaller inwardly

directed bias foxg@heSttiRidefations thedffet oft tH 'bisd REksQhatdict \&@oﬁ’hﬁ%&ﬁ\?& wi th

reference to FIGS. 7 and 8. In both cases, .however, the circuits disclosed
‘herei n opera e forces.and & o gl..m nate
unaccept ab|@H§9§§§@ﬁtcﬁﬁ{)p§gg§ﬁa?ﬂ§£&h§% éﬁ‘fcﬁg’gﬁn&gﬁ%‘% i 8\5 Raﬁlépg%{’. tors.
O course, the bias forces exerted, upon gn actuafor across the radiys, of
the di scs dics exampleyinitied s, %5 ippheler i s dscopsed avih enfereagectoIGS.
function of several factors, including the nasses in the system the
rot ati onal 3spethd bids forees avere Soundrte bepuffigjertdp mausemetradtivadofithe hhadst fiem 2
circuit and the location of the actuator pivot point with respect to the
di scs. Genguosition,at ithe baterrhest radinsiofitherdisc withowrangitadditionsl dyiptisationrefes t end
to force the actuator
voltage across the VCM coil. The operation of the circuit as described therein thus
worked to limit the velocity from these forces to a greater extent than for other disc
drives having a smaller inwardly directed bias force, such as the 2 disc, 1.8" diameter
drive discussed with reference to FIGS. 7 and 8. In both cases, however, the circuits
disclosed herein operate so as to reduce the effect of these forces and to eliminate
unacceptable acoustic noise and head motion upon parking of the actuators. Of
..course, the bias forces exerted upon an actuator across the radius of the discs are well
understood by those skilled in the art and are a function of several factors, including
the masses in the system, the rotational speed of the discs, the spring forces provided
by the flex circuit and the location of the actuator pivot point with respect to the discs.
Generally, it has been found that the greater the bias forces tend to force the actuator
inward towards the park position, less drive current will be necessary to drive the
actuator to the park position. It has been therefore found advantageous in such cases

to use. as the allotted retraction time will permit, a voltage profile having a larger

number of voltage steps with lower voltage levels during the first part of the profile.
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i nwar.d towards the park position, less drive current will be ﬁEEM@TOSHEET

drive the actuator to the park position. It .has been therefore found
advant ageous in such cases to use as the allotted retraction tinme wll
permt, a voltage profile having a | arger nunber of voltage steps with
| ower voltage levels during the finpgt part of the profile.

REPLACEMENT SHEET

LI EC ' nversely. for drives with a less significant bias forcé Yow4rd MRy gtk Ypositioh, dri ves
with a Iessc%?érr?ief)fc(gn(tr bias force tggwards t he park positilzfﬁ. ¥mrmre drive

current will depcral  VO&iINESRIAR e hGeldy fo ifife BRlARIRS: hnd PeaPar K
position and less velocity limiting will occur during the retraction of the a;:tuator. A
voltage profile for retraction of the actuator in such drives can readily be dévised to
fimit the velocity, however, and generally for such drives voltage profiles having fewer
steps and greater 'voltage levels in each step have been found useful, as provided for
example by the circuit of FIG. 7.

A third consideration in developing an actuator retraction voltage profile is the
specified current recommended by the coil manufacturer in order to assure full
retraction of the actuator. By way of illustration, for a coil having a specified retract
current of 20 mA and a maximum VCM coil resistance of about 14 ohms, a voltage
level of at least (20)(14) = 280 mV would generally be desirable as the final voltage
in the voltage profile to ensure proper retraction of the heads in all circumstances. It
has been found useful. however, to provide the final voltage step in the generated
profile with a voltage in excess of the calculated required value and then select the
voltage levels for the preceding steps to be less than this calculated required value.
The selected values for the voltage profile, of course, should be chosen in view of the

other considerations presented above.

It will be recognized in view of the foregoing discussion that the present
invention is not limited to the particular sizes and characteristics of disc drives
discussed herein, but rather may be applied to any disc drive that uses a voice coil

motor to position the actuator. Turther, the voltage profiles provided herein are
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position and less velocity limting will occur during the retraction of the
.. actuator. A voltage profile for retraction of the actuator in such drives
can readily be devised to |imt the velocity, however, and generally for
such drives voltage profiles having fewer steps and greater voltage |evels
I n each step have been found useful, as provided for exanple by the

circuit of FIG 7. AThitd consideration in devel opi ng an act uat or
retraction vol t'mm m]ﬂﬁ, specified current recommended by the

coi | manufactur Ilﬁ”msure full retraction of the actuator. By
way of illustratiorf. for™a toi1 having 30specified retract current of 20

mA and a nmaxi mum VCM coi |l resistance Qf about 14 ohns, a voltage |evel of
at least (20)(14) = 280 mV woul d gen %Awsbe desirabl e as the final
voltage in the voltage profile to ensure preper——p-eu@ccy_on_oi_l he heads in
all circunstances. It has been found useful. oyever , to _provide the final

vol tage sjep iR §0eaf0esRbetne: i R el

vt 1 [

voice coil motor means (20) for positioning the actuator means relative to the

actuator means (26,30);

disc;
voltage generation means (84) for generating a plurality of discrete voltage levels;
and retraction means (86,88,60) for receiving a voltage from the voltage
generation means and generating a signal based on said voltage for transmitting to the
voice coil motor means to control said voice coil motor means to urge the actuator means

towards a parked position.

2. The disc drive of claim 1 wherein the retraction means receives the discrete
voltage levels from the voltage generation means and transmits a series of timed, stepped
voltages to the voice coil motor means to urge the actuator means towards a parked

position.

3. The disc drive of any preceding claim wherein the disc drive further comprises
voice coil motor control means (52) for controlling the position of the actuator means

relative to a disc.

4. The disc drive of any preceding claim wherein the actuator means is urged

towards a parked position when the retraction means receives a retract command.
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profile with a voltage in excess of the cal cul ated requi THPLAGEMENINSHEREN
.select the voltage levels for the preceding steps to be less than this

calcul ated required value. The selected val ues +er—the voltage profile, of

course, should be chosen in view of the other copnsiderations presented

ehot e present INMIREIANL: ' o vet hz”mw pmauos or

characteristics of dis¢ dlives * di scussgtl herein be applied
to any disc drive that uses a voice coil notor to position t e actuator.
Further, the voltage profiles provided herein are

REPLACEI\/ENT SHEET
5. The disc drive of any preceding claim wherein the retraction means comprises:

counting means (86) for providing a digital output of timing pulses; and
selection means (88) which are responsive to the counting means and the voltage
generation means and are for selecting and outputting the voltage levels from the voltage

generation means in accordance with the timing pulses from the counting means.

6. The disc drive of any preceding claim, wherein the actuator means reaches the
park position at a sufficiently low velocity as to produce acoustic noise below acceptable

limits.

7. The disc drive of any preceding claim, wherein the velocity of the actuator means
is limited by back EMF generated by coil (36) in response to inwardly directed bias

forces upon the actuator means.

8. A disc drive of any preceding claim wherein the disc drive further comprises a

spindle motor (100) for operably rotating the disc.

9. The disc drive of any preceding claim wherein the disc drive comprises a
plurality of concentric data tracks and a park zone and the actuator means comprises a
transducer positioned adjacent the concentric data tracks during rotation of the disc and

positioned adjacent the park zone when the disc is not rotating.

10.  The disc drive of claim 9 wherein the retraction means operates to urge the

transducer to a park zone.
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actuator means (26, 30); a voice coil notor (20) RERLAGEMENTo8HEET

the actuator neans relative to the disc; characterised by vol t age
generati on neans (84) for generating a pI urality of discrete voltage
| evel s; and —————retracti+on—eans (86, 88, 60) for rece"‘m~ﬂg~on\e of the

di screte volt tage generation nmeans Babrae erat| ng a
di screte si gn:ﬁm "mm'l ml IH I screte voI t ages /ll I” /i

11.  The disc drive of any preceding claim wherein the spindle motor rotates the disc
at an operational spéed and the disc drive further comprises indication means for
indicating receipt of a command to halt rotation of the disc at operational speed and
wherein the retraction means transmits a signal to the voice coil motor means in response

to the indication means.

12.  The disc drive of any preceding claim wherein the plurality of discrete voltage
levels comprises voltages of 0, 5, 10, 20, 40, 80, 160 and 320 millivolts, respectively.

13.  The disc drive of any of claims 1 to 11 wherein the plurality of discrete voltage

levels comprises voltages of 160 and 320 millivolts, respectively.

14. A method for parking the actuator means of a disc drive of any preceding claim
comprising:

generating a plurality of discrete voltage levels;

providing a sequence of timing signals;

using the plurality 6f voltages and the sequence of timing signals to generate a
voltage profile, the voltage profile comprising the plurality of voltages arranged as a
series of timed, sequential voltage steps, each step having an increased voltage level; and

applying the voltage profile to the voice coil motor to retract the actuator to a

. park position.

15. The method of claim 14, wherein the velocity of the actuator as the voltage

profile is applied to the voice coil motor is sufficiently low so as to generate acoustic

noise at a level below acceptable limits.
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for controlling said voice coil notor to urge the actuat oE;PLrﬁggp@NToﬁﬂEﬁi a
.parked position at a termnal velocity so controlled so as to generate
acoustic noise and notion below predetermned |imts. 2. The di sc
drive of claimI wherern—thetetraction neans receives the discrete

vol t age | evel ' generation nmeans and transmts a series of
tinmed, steppets:”mmmg gg?’?ﬂg VoI ce c0|I not or neans to urge the actuator
means towards a parked wp The disc drive of any preceding
cl ai mwherein the disc drive further corrpri ses voice coil notor control

means (52) for controlling the position of the actuator neans
16 The method of claim 15, wherein the step of generating a plurality of voltages
comprises generating voltages of 0, 5, 10, 20, 40, 80, 160 and 320 millivolts,

respectively.

17.  The method of claim 15, wherein the stép of generating a plurality of voltages

comprises generating voltages of 160 and 320 millivolts_, respectively.
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relative to a disc. 4, The di séc?d_i'-ji.v.e of any preceoﬂMWENWSﬂEﬁ[n
the actuator nmeans is urged towards:a-parked position when the retraction

means receives a retract comrand.

31 5. The disc drive of any preceding claimwherein the retraction
means conpri ses: counting nmeans (86) for providing a digital output
of ti m ng pul ses; and sel ection neans (88) which are responsive to

t he counting neans and the voltage

and outputting the voltage levels fromthe voltage

ABSTRACT

Retraction of a Disc-Drive Actuator

For low velocity retraction of a disc drive actuator during a parking operation, a
system comprising a voltage generator circuit (84) generates a plurality of discrete dc
voltage levels, a timing circuit (86) provides a series of timing pulses, and a selection
circuit (88) responsive to the voltage generator and timing circuit outputs a voltage
profile of increasing voltage steps from the voltage levels and the timing pulses. The
voltage profile is provided to a driver circuit (54) that drives a voice coil motor (36,20)
which, in turn, positions the actuator (30) with respect to the discs (16) of the disc drive.
The application of the voltage profile during the parking operation causes the driver
circuit (54) to act as a voltage source for the voice coil motor (36,20) . External bias
forces upon the actuator tending to force the actuator towards the park position generate
a back EMF in the coil (36) opposing the voltage source of the driver circuit (54) and the
motion of the actuator (30) towards the park position. The coil (36) is thus velocity
limited and the voltage profile is selected to bring the éctuator (70) to the park position at
a terminal velocity sufficiently decreased as to generate acoustic noise below

predetermined, acceptable limits.

[Figure 3] and [Figure 2]

genesqti on nmeans and are for selecting
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generation means in accordance with the timng pul ses froREMACEMENT BHEET
means. 6. The di sc :dri-ve-aof:sany preceding claim wherein the
velocity of the actuator nmeans is linmted by back EMF generated by coi

(36) in response to inwardly directed bias forces upon the actuator neans.
7. A disc drive of any preceding claimwherein the disc drive further
conprises a
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spindl e notor (100) for operably rotating the disc. 8. REP%@EME’!E QHE,E}-e
of ‘any preceding claimwherein the disc drive conprises a plurality of

+ concentric data tracks and a park zone and the actuateor nmeans conprises a
transducer positioned adjacent the concentric data tracks during rotation
of the disc and positioned adjacent the park zone when the disc is not
rotating. 9. The disc drive of claim8 wherein the retraction neans
operates to urge the transducer to a park zone.
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10. ., The disc drive of any preceding claimwherein the-gEFHﬁ;@MﬁNIcﬁHEET

rotates the disc at an-operational speed and the disc drive further
conprises indication neans for indicating receipt of a command to halt
rotation of the disc at operational speed and wherein the retraction nmeans
transmits-a signal to the voice coil notor neans in response to the

I ndi cati on neans. 11. The disc drive of any preceding clai mwherein
the plurality of discrete voltage |evels conprises voltages of 0, 5, 10,
20, 40, 80, 160 and 320 mllivolts, respectively. 12. The disc drive
of any of clains_l to 10 wherein the plurdlity of discrete voltage
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| evel s conprises voltages of 160 and 320 mllivolts, respectively. 13.
A nmet hod for parking the actuator neans pfT | f1 any. preceding
claim conpri sing: _ generating a pl éﬁ'ﬁﬁ@ﬂﬁ sgf%ﬁr_et e voltage
| evel s; provi ding a sequence of fijnng signals; usi ng the
plurality of voltages and the sequence Li MNDEC B9 § tjo generate a
vol tage profile, the voltage profile conprjsing the plurfalfity of voltages
arranged as a series of tined, sequentijl ~vortage s , Jeach step having
an increased voltage |evel; and | ving the voltdge profile to the
voi ce coil notodSOBe~yetract the actuatordto a park position. gg
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14. The_nethod of claim 13, wherein the velocity of the actuator as the
vol tage profile |m_to the voice coil nmotor is sufficiently | ow so

%Epif\c%ﬁﬁmmﬂlﬂ IIP35° * e’ Féthod of "ci ai m 14, vherein't he step

of generating ‘a qu’alfty of voltages conpri €5 r@,ﬁ@,ﬁg*ﬁﬁga upu,

5 10 20 40 80 160 and 320 milli V(GILAIMSrESE:Pf\ éu\!;évu‘ 1 : pa rv-cd to g?cgd

. . . . Claizi(s) : paged 3% to paged 33
1. A disc drive comprising: D Drawing(s) : paged ..... to pa i od

- O Abstract  : paged ..... to paged .....

a disc (16);

actugtor means (26,30, Lo OF RECHIPT..2.0...0...
a voice coil motor (20) for positioning the actuator means relative to tile disc;
characteﬁsed by
voltage generation means (84) for generating a plurality of discrete voltage
levels; and

retraction means (86, 88, 60) for receiving one of the discrete voltages from the

voltage generation means and generating a discrete signal based on said discrete voltages

for controlling said voice coil motor to urge the actuator means towards a parked

position at a terminal velo'city so controlled so as to generate acoustic noise and motion

below predetermined limits.

2. The disc drive of claim 1 wherein the retraction means receives the discrete
voltage levels from the voltage generation means and transmits a series of timed, stepped
voltages to the voice coil motor means to urge the actuator means towards a parked

position.

3. The disc drive of any preceding claim wherein the disc drive further comprises
voice coil motor control means (52) for controlling the position of the actuator means

relative to a disc.

4. The disc drive of any preceding claim wherein the actuator means is urged

towards a parked position when the retraction means receives a retract command.

f.“



m 14 V\,hereln the step of generating a plurality of

égl tagl—ge (r:rﬁrrp mm”ﬁﬁ H”zﬂmrnfm}/dl t ages of 160 and 320 nillivolts,

respectively.

5. The disc drive of any preceding claim wherein the retraction means comprises:
counting means (86) for providing a digital output of timing pulses; and
selection means (88) which are responsive to the counting means and the voltage

generation means and are for selecting and outputting the voltage levels from the voltage

generation means in accordance with the timing pulses from the counting means.

6. The disc drive of any preceding claim, wherein the velocity of the actuator means

is limited by back EMF generated by coil (36) in response to inwardly directed bias

forces upon the actuator means.

7. A disc drive of any preceding claim wherein the disc drive further comprises a

spindle motor (100) for operably rotating the disc.

8. Thedisc drive of any preceding claim wherein the disc drive comprises a
plurality of concentric data tracks and a park zone and the actuator means comprises a
transducer positioned adjacent the concentric data tracks during rotation of the disc and

positioned adjacent the park zone when the disc is not rotating.

9. Thedisc drive of claim 8 wherein the retraction means operates to urge the

transducer to a park zone.
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10.  The disc drive of any preceding claim wherein the spindle motor rotates the disc
at an operational speed and the disc drive further comprises indication means for
indicating receipt of a command to halt rotation of the disc at operational speed and

wherein the retraction means transmits a signal to the voice coil motor means in

response to the indication means.

11.  The disc drive of any preceding claim wherein the plurality of discrete voltage

levels comprises voltages of 0, 5, 10, 20, 40, 80, 160 and 320 millivolts, respectively.

12.  The disc drive of any of claims 1 to 10 wherein the plurality of discrete voltage

levels comprises voltages of 160 and 320 millivolts, respectively.

13. A method for parking the actuator means of a disc drive of any preceding claim
comprising:

generating a plurality of discrete voltage levels;

providing a sequence of timing signals;

using the plurality of voltages and the sequence of timing signals to generate a
voltage profile, the voltage profile comprising the plurality of voltages arranged as a
series of timed, sequential voltage steps, each step having an increased voltage level; and

applying the voltage profile to the voice coil motor to retract the actuatorto a

park position.

14 The method of claim 13, wherein the velocity of the actuator as the voltage

profile is applied to the voice coil motor is sufficiently low so as to generate acoustic

noise at a level below acceptable limits. REPLACEMENT SHEET
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15.  The method of claim 14, wherein the step of generating a plurality of voltages
comprises generating voltages of 0, 5, 10, 20, 40, 80, 160 and 320 millivolts,

respectively.

16.  The method of claim 14, wherein the step of generating a plurality of voltages

comprises generating voltages of 160 and 320 millivolts, respectively.
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