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(57) Abstract

A disc drive (22) having a head (26) actuated by an
actuator (32) for seeking out a destination track (30) in-
cludes servo velocity control circuitry (31) and servo posi-
tion control circuitry (41). The servo velocity control circui-
try (31) seeks out the destination track and places the head
within the boundaries of that track while the servo position
control circuitry (41) using servo information places the
head on the centerline of the destination track. The fine ser-
vo control circuitry (20) is provided for communicating the
information generated by the servo position control circui-
try (41) to the servo velocity circuitry (31) when the head
(26) is several tracks from the destination track in order to
allow the actuator (32) to smoothly and quickly cause the
head to seek within the boundaries‘of the destination track
without overshooting that track.,
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WO 89/08917 PCT/US89/00313

DISC DRIVE FINE SERVO VELOCITY CONTROL
AND METHOD FOR HEAD POSITIONING RELATIVE TO A DISC

Field of the Invention

The present invention relates to apparatus and
method for positioning a read/write head relative to
media in order to allow the head to write data to or
read data from the media. The fine servo velocity
control. can be used with rigid or floppy disc drives
and with fixed or removable media.

Background Art
Presently available on the market are a wide

variety of data storage devices including for
example Winchester hard disc drives, floppy disc
drives and others. With these devices data can be
stored by using both magnetic and optical
techniques. These devices include appropriate
circuitry for allowing for the accurate placement of
a read/write head relative to one of a plurality of
data tracks which are formatted on, for example, a
rigid or floppy disc. In these prior devices, the
circuitry for seeking the appropriate track is
divided into several seek functions. The first seek
function is that of a servo velocity control whereby
servo velocity control ciréuitry causes the head to
seek to the destination track and then settles
between the boundaries of that tracK. The second
seek function is that of a servo position control
whereby the servo position control circuitry causes

the head to follow the centerline of the destination
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track. As servo velocity control circuitry, prior
art devices use glass scales, encoders, and other
devices for counting tracks so that from a departure
track, a calculation can be made to determine how
far the head must traverse until a destination track -
is reached, and for monitoring the progress of the
head towards thé destination track. Additionally,
one Or more Servo sectors can be provided on each -
track which includes the number of the track so that
the head can read a track number and know which
track it is over and thus its position.

The servo position control circuitry is used to
read servo patterns or bursts which are located in
the servo sectors of the tracks. By reading these
bursts and.tékiné_the'difference of the signals from
the bursts, the servo circuitry can determine
whether the head is on the centerline or to the
right or left of the centerline of a track and make
appropriate adjustments. Discussion of the servo
position control circuitry can be obtained from a
review of U.S. Patent Numbers 4,488,187 and
4,630,190 which are assigned to the present
Assignee, SyQuest Technology and which are
incorporated herein by reference.

Further in some prior art devices as a
destinatioh track is approached;,the servo velocity
control circuitry hands off control of the seek
function to the servo position control circuitry.
Such a switch to the servo position control
circuitry can at times result in the head
overshooting the destination track.

In prior art devices, when the head overshoots
the destination track, such devices are generally .

not capable of éeeking back to the destination track
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using the servo position control circuitry, but must
revert to servo velocity control circuitry again and
then back to the servo position control circuitry in
order to settle on the destination track. Quite
naturally this can increase the access time to an
unacceptable level. ‘

. While the above devices perform successfully,
as the need arises to store more data in a smaller
area, and as computers become more powerful and
faster, resulting in the need for faster data access
times, there is a need to increase both the speed
and the accuracy of the heads for seeking out the

centerline of a track.

Summary of the Invention
The present invention is directed to addressing

the need for a rapid, accurate and smooth seek
function so that the access time is reduced.
Further the invention allows for a higher track
density (tracks per inch, TPI) as the invention
allows the servo system to cause the head to more
accurately seek and settle on the centerline of the
destination track.

The invention includes a disc drive capable of
mounting a disc which disc defines a plurality of
tracks. Additionally the drive includes a
read/write head for transferring data to and from
the disc. The invention comprises a fine servo
velocity control having servo velocity' control
circuitry for seeking to a destination track and for
placing the head approximately on the destination

track. It further includes servo position control

circuitry for locating a centerline of a destination

track and for placing the head on the centerline.

PCT/US89/00313



WO 89/08917 ' _ ' PCT/US89/00313

4

Further circuitry is provided for selectively
providing servo information,fgenerated by the servo
position control circuitry to the servo velocity
control circuitry as the head approaches the
destination track to enable the head to quickly and
smoothly settle bn the'centerline of the destination
track.

The servo velocity control circuitry is
designed to have an accuracy of approximately half.
the width of a track, while the servo position
control circuitry can be infinitely variable with
correspondlng accuracy. The servo velocity control
circuitry causes the head to traverse at a higher
rate than the servo position control circuitry;
however the servo position control circuitry allows
the head to settle more smoothly and accurately on a
centerline. Thus it is advantageous to merge these
two functions and not simply allow the servo
velocity control circuitry to hand off the seek
function to the servo position control circuitry as
.this could cause the head to overshoot the
destlnatlon track as can occur in prior art devices.

In the present invention as the head is
approaching the destination track, servo position
control information from the tracks immediately
adjacent the destination track is used to adjust the
velocity and acceleration of the head such that the
head is moved to the destination track in a smooth
and accurate manner within a preferred embodiment
the head reaching the destination track with zero
velocity.

' In an aspect of the invention, the servo
velocity control circuitry includes a device for
determining when the head is at a preselected
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distance from a destination track and for enabling
the servo position control circuitry to communicate
with the servo velocity control circuitry when the
servo velocity control circuitry determines that the
head is at said prescribed distance.

In another aspect of the invention, the servo
velocity control circuitry includes digital
circuitry for receiving servo information stored on
the disc, and the servo position control circuitry
includes analog circuitry for receiving servo
information stored on the disc. The fine servo
velocity control for selectively providing servo
information from the servo position control
circuitry to the servo velocity control circuitry
includes an analog to digital converter for
communicating the servo information from the analog
circuitry of the servo position control circuitry to
the digital circuitry of the servo velocity control
circuitry.

In still another aspect of the invention, the
servo velocity control circuitry reads
representations of the track numbers which are
stored in servo data patterns. '

In yet another aspect of the invention, a
device is provided for disabling the ability of the
servo velocity. control to drive the head to a
destination track should the servo velocity control
malfunction. This device thus allows the head to .
float and prevents unwanted head acceleration or
deceleration which could result in damage to the
head or to the disc.

Accordingly it is an object of the present

invention to provide for the rapid, accurate and
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smooth seeking of a destination track by a head in
order to minimize track access time.

It is yet another aspect of the present
invention to provide a disc drive with servo
velocity control circuitry and servo position
control circuitry for use in seeking a destination
track and then settling on the centerline of'the
destination track.

It is still another aspect of the invention to
provide a device for communicating servo information
obtained by the servo position control circuitry to
the servo velocity control circuitry -at a
predetermined distance from the destination track in
order to more smoothly and accurately position the
head relative to the track.

Brief Description of the Figures
Figure 1 depicts a schematic of an embodiment
of the invention.

Figure 2 depicts a servo data pattern of the
invention. ' ’

Detailed Descriptioﬁ bf the Preferred Embodiment
With reference to the figures and in particular

to Figure 1, a schematical representation of an
embodiment of the fine servo velocity control of the
invention is depicted and given the number-20. The
fine servo veloéity control 20 is for use in for
example a Winchester disc drive such as drive 22

- having a hard disc such a disc 24. Disc 24 can be
fixed in the disc drive 22 or can be secured in a
cartridge 25 which is removably insertable into the
drive 22. It is to be understood that the disc 24
can store data and information using magnetic,
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optical and other means and still be used with the

fine velocity control 20 of the invention. Further
it is to be understood that disc 24 could also be of
the floppy disc variety and be used with the present
inventon. ’

The disc drive 22 further includes at least one
read/write head 26 supported by arm 28 relative to
the disc 24. The head 26 and arm 28 are transported
relative to the disc 24, and the data tracks 30
defined disc 24, by an actuator 32 which in this
embodiment is a voice coil motor. 1In the preferred
embodiment, each surface of the disc is provided
with approximately 1,283 concentric data tracks.
Bach data track, again in a preferred embodiment,
includes 70, approximately equally and
circumferentially spaced, servo data patterns such
as servo data pattern 34 in Figures 1 and 2. These
servo data patterns as will be explained hereinbelow
prov1de servo data for the fine servo velocity
control in order to cause the head to accurately,
rapidly and smoothly seek to the destination track.
Oon each track 30, between any two servo data
patterns 34, is provided a user data field that can
store user generated data and information.

The servo data pattern as can be seen in Figure
2 has a servo sector of bits including a block of
preamble bits and ID bits which serves to identify
and distinguish the servo sector from the user data
which is located between'the servo sectors. The
servo data format further includes SYNC, and INDEX
bits. Following those bits are track number bits
which are provided in Grey code, with each track
assigned a different and in a preferred embodiment,

a sequential number from the outermost track to the
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innermost track. 'Finally the servo data pattern
includes a servo section which includes information
for allowing the head to be aligned on the
centerline of each track. 1In a preferred embodiment
this includes what are known in the industry as "A"
and "B" bursts which are read by the head. These
bursts are séﬁpléd as explained below and the
difference between'the:sampled signals is taken in
order toﬂprovide'an offset signal, also known as:-a
position error signal (PES), so that the head can be -
moved towards the centerline of the track.

As can be seen in Figure 1, the fine servo
velocity’contrblrzorfurther includes a preamplifier
36 and a ?ulse detector 38. The pulse detector 38
amplifies the signal from the head 26, filters this
signal and creates a digital signal which has a
leading edge which is coincident with the peak of
each analog signal coming from the head representing
the above bursts. Digital servo data from the pulse
detector 38 including the track number is

" communicated to the digital gate array 40.

Servo velocity control is accomplished with the
servo velocity control circuitry 31 by providing the
Grey code which specifies the track number from the
digital gate 40 to a microcomputer or microprocessof
52. As the power amplifier 50 is an analog device
the microcomputer 52 includes an D/A converter 54
which converts the digital signal generated byrthe'
microcomputer 52 to an analog signal for
communicating to the power amplifier 50. This Grey
code enables the microcomputer 52 to know where the
head is relative to the tracks, to the accuracy of
approximately one half of the width of a track. The

microcomputer 52 then generates a seek command,
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causing the power amplifier 50 to provide a seek
signal to actuator 32, causing head 26 to seek to
the destination track.

Servo position control circuitry 41 of this
embodiment includes the following. Signals from
digital gate array 40 are used to enable sample and
hold circuits 42 and 44, which themselves
communicate with the pulse detector 38, in order to
sample and hold the amplitude of the signals from:
the "A" and "B" bursts at the appropriate times.
The difference of these two signals is determined at
the summing point 46 and communicated to a
compensation circuit 48, which provides the
appropriate filtering of the position error signal,
and then to powér amplifier 50. Power amplifier 50
drives the voice coil motor 32. As the position
error signal indicates how far the head is from the
centerline 31 of the track, the input from the
compensation circuit to the power amplifier 50
provides for the servo position control to adjust
the head postion and to keep the head aligned with
the centerline of the destination track. The fine
servo control 20 further includes an A/D converter
56 which communicates the position error signal from
summing point 46 to the microcomputer 52 by
converting the analog position error signal to a
digital signal. The A/D converter 56 is enabled
through the digital gate 40 by an appropriate sector
pulse 58 so that the A/D converter 56 is enabled
when a valid offset or positon error signal is
available from the summing point 46. When head 26
is a preselected distance from the destination
track, such as for example one or two tracks away,

as determined by the microcomputer 52 reading the
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Grey code, the microprocessor 52 causes digital gate
40 to send the-sector pulse Sé to the A/D converter
56.

In effect then a servo poSition control signal
is provided to the microcomputer 52 in.order to
modify the servo velocity control signal sent to the
power amplifier by the microcomputer 52 when the

"1 1 7 head is several tracks away from the destination
track. The accuracyrof the fine servo position
control circuit 20 is about 1/100 of a track width.
Another aspect of the invention includes a
watchdog timer 60 which is comprised.of a one=shot
multivibrator 62. In a preferred embodiment the
one-shot multivibrator 62 receives a pulse from the
mic}ocomputer 52 once ever millisecond. Other pulse
rates are within the scope of the invention. The
one=shot mnltivibrétqr 62 then provides an enable
signal to the digital to analog converter 54. 1If
for any reason the microcomputer 52 does not work
properly or does not receive a sector pulse 58 and
does not provide a pulse signal to the one-shot
multivibrator 62, then no enable signal is provided
to the digital to analog converter 54 and the value
of the output of the'D/A converter 54 goes to zero
resulting in the power amplifier 50 turning off the
current to the actuator 32. This allows the
actuator 32 to coast so that the actuator, the head
and the disc are not damaged by for example the
actuator slamming into an actuator crash stop at an
elevated velocity. |

Industrial Applicability

While the. present invention is described with .
respect to a disc drive, it is to be understood that
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the present invention can be included in-any device
having a seek function whether it is a data storage
device or not. »

From the above it canh be seen that the present’
invention allows for a smooth and accurate seek
function. This is accomplished by using servo
position control information to mégify the actions
of the servo velocity control ciréﬁitry. In prior
art devices, the velocity control circuitry simply
hands off to the position control circuitry. This
being the case, it is often possible for the servo
velocity control Circuitry to cause the head to
overshoot the destination track as the servo
velocity control circuitry is handing off to the
servo position control circuitry. If the track is
overshot, then the servo system must switch back to
the servo velocity control circuitry in order to
reposition the head on the destination track. This
procedure quite naturally increases the access time.
In the present invention, when the head is several
tracks away from the destination track, the servo
poéition control circuitry provides highly accurate
head position information to the servo velocity
control circuitry so that the position of the head
is more accurately known. Thus the head can be
actuated to a position within the boundaries of the
destination track without overshooting the
destination track. After this has occured, the
servo velocity control cifcuitry hands off control
of head positioning to the servo position control
circuitry, and the head in a preferred embodiment is

placed on the track with zero velocity.
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Other aspects and advantages of the invention
can be ascertained from a review of the claims and
the figui:es° 7 '

It is to be understood that while the invention
was disclosed hetein with respect to one specific
embodiment, that othgr embodiments- can -come within
the scope and breadth of the invention as claimed.
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We Claim:

1, A, fine servo velocity control for a disc
drive capable of mounting a disc, defining a
plurality of data tracks and having a read/write
head for transferring data to and form the disc, the
servo velocity control comprising:

servo Qelocity control means for seeking
to a destination track and for placing the head
approximately on a destination track;

servo position control means for locating
a centerline of a destination track and for placing
the head about on' the centerline of the destination
track;

fine servo velocity control means for
selectively providing servo information generated bi
the servo position control means to the servo
velocity control means as said servo velocity
control means causes the head to approach the
destination track to enable the head to move quickly
and smoothly settle on the destination track.

2. The apparatus of claim 1 wherein said
servo velocity control means includes means for
determining when the head is a preselected distance
form a destination track and for enabling said fine
servo velocity control means when said servo
velocity control means determines the head is a

preselected distance from a destination track.

3. The apparatus of claim 1 wherein:
said servo velocity control means includes
digital circuitry means for receiving servo

information stored on the disc;
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said servo position control means includes
analog circuitry means for receiving servo
information stored on the disc; and 7

said fine servo velocity control means
includes an analog to digital conversion means for
communicating the servo information received by the
anaiog'circuitry'meansVto the digital circuitry -
means. - .

4, The apparatus of claim 1 including:

servo information stored in servo data
patterns on tracks of the disc; '

said servo information including a
representation of the number assigned to each track
and centerline centering information;

said servo velocity control means
including means for receiving the representation of
the number assigned to each track; and

said = servo position control means
including means for receiving the centerline
centering information. '

5. The apparatus of claim 1 wherein:

said servo position control means

includes.
(a) sample and hold means for sampling

and holding track centerline centering servo

_ information;

(b) means for éenerating a position error
signal from the centerline centering servo
information sampled by the sample and hold
meahs; and )
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said fine velocity control means includes
means for communicating said position error signal

to said servo velocity control means.

6. The apparatus of cldim 1 including:
means for disabling the servo velocity
control means should the servo velocity control

means malfunction.

7. The apparatus of claim 6 wherein:

said servo velocity control means includes
a microprocessor means adapted for sending a seek ’
signal; _

said disabling means including a means for
receiving a pulse from the microprocessor and means
for disabling the seek signal should the
microprocessor not sent said pulse to said disabling

nmeans.

8. The apparatus of claim 7 wherein:
said disabling means includes a one shot

multivibrator.

9. A fine servo velocity control for a disc
drive capable of mounting a disc, defining a
plurality of data tracks, and having a read/write
head for transferring data to and form the disc, the
fine servo velocity control comprising:

servo velocity control means for seeking
to a destination track and for placing the head
approximately on a destination track;

servo position control means for locating

a centerline of a. destination track and for placing
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the head about on the centerline of the destination
f:ack;
servo information stored in servo data
patterns on tracks of the disc: ' :
’ saidrfservo information including a
repreéentation of the number assigned to each track
and centerline centefing information;

e

said servo velocity control means
including means for receiving the representation of
the number assigned to each track; and

said servo position control means
including means for receiving the centerline
centering information; _

' fine velocity control means for _
selectively providing servo information generated by
the servo position control means to the servo
velocity control means as said _servo velocity
control means causes the head to approach tne
destination track,td enable the head to move quickly
and smoothly settle on the destination track; and

~ wherein said servo velocity control means
includes means for deteimining when the head is a
preselected distance form a destination track and
for enabling said fine servo velocity control means
when said servo velocity control means determines
the head is a preselécted distance from a
destination track.

10. The apparatus of claim 9 wherein:

' said servo velocity control means includes
digital circuitry means for receiving servo
information stored on the disc{
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said servo position control means includes
analog circuitry means for receiving servo
information stored on the disc; and

said fine velocity control means includes
an analog to digital conversion means for
communicating the servo information received by the
analog circuitry means to the ‘digital circuitry

means.

11. The apparatus of claim 9 wherein:

said servo position control means:

(a) includes sample and hold means for
sampling and holding track centerline centering
servo information; _

(b) means for generating a position error
signal from the centerline centering servo
information sampled by the sample and hold means;
and ‘

said fine velocity control means includes
means for communicating said position error signal

to said servo velocity control means.

12. A method for causing a data transfer head
to seek and settle onto a destination data track in
"a quick and smooth manner including the steps of:
providing a servo velocity control for
seeking to a destination track;
providing a servo position control for
locating a centerline of a destination track and for
centering the head about on the centerline;
providing a fine servo velocity control
for the communication of centerline centering

information from the servo position control to the
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servo velocity control as the destlnatlon track is
approached by the head.

13. The method of claim 12 wherein sald step
of prov1d1ng for the communication of centerline
centering information includes:

' providing the centerline centering
information to the servo velocity control a
preselected number of tracks before the head reaches
the destination track.

14. The method of claim 12 including the step
of:
providing for the disablement of the servo
veloc1ty control should the servo velocity control
malfunction.

15. A disc drive adapted for receiving a disc
which defines a plurality of data tracks comprising:
means adapted for mounting a disc;
a read/write head means for transferring
data to and from the disc; and
a fine servo velocity control comprising:
(a) servo velocity control means for
seeking to a destination track and for
- placing the head approximately on a
destination track;
(b) servo position control means for
locating a centerline of a destination
" track and for placing the head about on
the.centerlihe of the destination track:;
(c) fine servo velocity control means for
selectively providing servo information
generated by ﬁhe servo position control



WO 89/08917

PCT/US89/00313

19

means to the servo velocity control means
as said servo velocity control means
causes the head to approach the
destination track to enable the head to
move quickly and smoothly settle on the

destination track.
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