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TITLE OF THE IﬁVENTION
SERVO SYSTEM WITH RUNOUT COMPENSATION FOR DISK. DRIVE
BACKGROUND.OF THE INVENTIQN |

The present invention generally relates to a disk
drive including a servo system and specifically to
a servo system having a disk runout compensation
function.

A prior art disk drive such as a magnetic disk
drive includes a servo system for locating a magnetic
head (simply referred to as a head hereinafter) in
a target position (target track or target cylinder)
on a disk using servo data prereébrded on the disk.
The servd system includes a feedback system using
a microprocessor'(QPU) as a main element, the micro-
processor being a main controller of the disk drive.

The manufacturing process of a disk drive
includes a servo-write step of recording servo data 6n
a disk. 1In the servo-write step, a drive mechanism
such as a head disk assembly is incorporated into the
body of the drive and then servo data is recorded on
the disk by a servo track writér (STW). As another
method, servo data is prerecorded on the disk before
the disk is incorporated into the drive body.

Servo data is recorded on-a plurality of servo
areas of the disk, which are arranged at regular
intervals along the circumference of the disk.

In each track, an area between adjacent servo areas
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is a data area. The data area is divided into

a pluraiity of data sectors (access unit of data).

A range from one servo area to its subsequent data
sectors is called a servo sector. One track of

the disk is a se£ of servo sectors for one round.
There may be cases wnere a track defined by.only servo
areas is called a servo track and a track defined by

a éet of servo sectors is called é data track.

Thus, a number of tracks are formed
concentrically on the disk. Such tracks may be called
a cylinder under the: concept that it includes tracks
in the same position in the direction of rotation axis
of one or'a plurality of disks (the same position of
the.face and back when the number of disks is one).

It is preferable that each of the tracks be formed
as an almost perfect circle with reference to the
rotation axis of the disk.

In the servo-write step using an STW, however,
an external impact is given to the drive body and
an influence is exerted upon the mechanical accuracy
of a clamp mechanism for fixing the diék. These
factors cause a phenomenon called a disk runout.

The disk runout can be ﬁeasured as an amount of
rotation-runout or eccentricity that is caused in
synchronization with the period of rotation of the
disk. Due to the disk runout phenomenon, the servo

tracks are not formed as an idealistic concentric
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circle but deformed with regard to the rotation center
of the disk. |

In the above disk drive, the servo system drives
an actuator to locate the head in a target track on
the disk when it reads/writes data. The servo system
chiefly perform a seek operation for moving the head
to a target track and a tracking operation for
positioning the head within the range of a target
track (usually on the center line of the track).
In ihe tracking operation, the servo system follows
servo data read out of the head. Actualiy; the servo
system reads servo burst data contained in servo data
and generates a positional-error signal. In response
to the positional-error signal, the servo system
adjusts the head onto the center line of the track.
If, therefore, the servo data is greatly distorted due
to-a deformation of the servo track, the tracking
operation becomes difficult to perform in normal
feedback control.

Recent disk drives comprise a servo system having
a learning function of caldulatiﬁg a disk runout
component when a spindle motor for rotating the disk
is started and performing servo compensation based
on a result of the calculation (disclosed in, e.g.,
Jpn. Pat. Appln. KOKAI Publication No. 11-353831).
The servo system obtains a disk runout component

(referred to as a learning value hereinafter) from
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a positional error of a head. The servo system

‘calculates and stores a learning value for each head

through a learning operation and executes servo
compensetion in artracking oﬁeration using the
learning value. More specifically, the servo system
obtains a servo compensation.value (correction value)
for suppressing a disk runout from a learning value
of each head calculated by the learning operation.
The servo system adds the servo compensation value
to a control value obtained by feedback control.

This addition is performed by feed-forward control.

‘If the servo system has a learning function, it can

inhibit the head from being deformed in the tracking
operation, thereby improving the accuracy of head
positioning.

In a diek drive having a learning function,
a learning value calculated by a learning operation' ”
performed when the disk drive is manufactured
(hereinafter referred to.as an initial learning'Velue)
is stored in a nonvolatile.memory such as a flash ROM
and an EEPROM. . When a_spindle'motor is started, the
servo system of the diek drive carries out a learning

operation in which the initial 1earning value stored

- in the memory is used as an initial value. Usually,

the servo system stores a learning value obtained by
the learning operation in a DRAM (dynamic RAM) and

uses the learning value in the subsequent servo
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control operation (head positioning control}).
The DRAM cleafs the stored learning value when the
drive turns off.

In the disk drive having a servo system, a
learning operation is performed-whenever the spindle
motor siarts, SO that a data read/write opgration is
always on standby until the learning operation ends.
Consequently, the starting time of the drive (time for
preparing the read/write operation)-is relatively
long. Disk drives have recently been widely used for
mobile information equipment having a communications
function as well as personal computers. The reduction
of starting time is a challenge to improve the |
performance of the disk drives.

Conventionally, if a proper learning value is not
obtained by a learning operation when a disk drive
starts, the initial learning value calculated when
the drive iS'manufaptured is used. However, due to
a change of use environment (particularly temperature)
of disk drives, an amount of eccentricity of a disk
may be.changed after the disk drive is manufactured.
The use of the initial learnihg value causes the-drive
to malfunction when it starts.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to shorten

time for performing a learning operation related to

disk runout compensation and thus shorten time for
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preparing a read/write operation.

According to an aspect of the present invention,
a disk drive has é learning function of determining
whether an initial learning value calculated by a
learning operatién when the drive is manufactured is
valid or not when a spindle motor of the drive starts
and omitting a learning operation when the initial
learning value is valid.

More specifically, the disk drive comprises
a disk on which servd data is prerecorded, a head
configured to read/write data, an actuator mounted
with the head and.configured to locate the head in
a target position on the disk, a servo controller
configured to perform a seek operation and a tracking
operation and locate the head in the target position
on the disk, a first memory configured to store
an initial learning value, a learning ¢on£roller
configured to stop the learnihg operaﬁion when the
initial léarning value is valid and perform the
learning operation when the learning value is invalid,
and a second memory configured to store a learning
value calculated by the learning operation of the
learning cohtréller.

Additional objects and advantages of the
invention will be set forth in the description which
follows, and in part will be obvious from the

description, or may be learned by practice of the
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invention. The objects and advantages of the
invention may be realized and obtained by means of the

instrumentalities and combinations particularly

pointed out hereinafter.

BRIEF DESCRIPTION. Of THE SEVERAL VIEWS. OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently embodiments of the invention, and
together with the general description given above and

the detailed description of the embodiments given

below, serve to explain the principles of the

invention.

FIG. 1 is a block diagram showing a major part
of a disk drive according to each of first to sixth
embodiments of the present invention; |

FIG. 2 is a flowchart explaining steps of a
learning operation according to the first embodiment
of the present invention;

FIG. 3 is a flowchart'ekplaining-steps of a
learning operation'accofding to the second embodiment
of the present invention;

FIG. 4 is a flowchart explaining steps of a
learning operation according to the third embodiment
of the present invention; |

FIG. 5 is a flowchart explaining steps of a

"learning operation according to the fourth embodiment

of the present invention;
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FIG. 6 is a flowchart explaining steps of a
learning ope;ation'according to the fifth_émbodiment
of the present invenfion; and

FIG. 7 is a flowchart explaining steps of a
learning operation according to the sixth embodimént
of the present inventibn.

DETAILED DESCRIPTION OF THE INVENTION

A plurality of embodiments of the present
invention will now be described with reference to
the accompanying drawings.

(Configuration of Disk.Drive)

A disk drive, which is directed to each of the
embodiments described later, comprises a disk 1 that
is a data recording medium and a magnetic head 2lfor
reading/writing data from/to the disk 1, as shown in
FIG. 1. A spindle motor (SPM) 3 rotates the disk 1
at high speed. Servo data used for positioning.the
head 2 in a target track (or target cylinder) is

prerecorded on the disk 1. The disk 1 has a,number of

concentric tracks (data tracks including data sectors)

thereon. Each of the tracks contains servo areas
in which servo data items are recorded at regular
intervals. |

In the head 2, a read-head element and a write-
head element are mounted on a slider of a head body
separately from each other. The head 2 is mounted on

an actuator 4 driven by a voice coil motor (VCM) 5.



10

15

20

25

The number of disks is one and the number of heads is
two corresponding to both faces of the disk 1 for the
sake of convenience here.

The VCM5, which is an object to be controlled in
a servo system in a strict sense, is supplied with ai
drive current from a VCM driver 6A included.in a motor
driver IC6. The motor driver IC6 includes an SPM
driver 6B for supplying a drive current to the SPM 3
as well as the VCM driver 6A. The motor driver IC6 is
controlled by a microprocessor (CPU) 10, which will be
described later.

The disk drive further comprises a circuit system
including a head amplifier (preamplifier) circuit 7,
a read/write_(R/W) channel 8, a disk controller (HDC)
9, a CPU 10, a memory 11, and a sensor 12 as well as
the above-described head disk assembly.

The head amplifier circuit 7 switches the heads
2 to each other and transmits/receives a read/write
signal to/from the heads_z. The R/W channel 8 is
a signal processing circuit for processing the
read/write signal. The channel 8 has a function of
reproducing servo data from the read signal and’
supplying it to the CPU 10. The HDC 9 has an
interface function of controlling a command between
the drive and the host system and communications of
read/write data and a disk controller function of

controlling communications of read/write data between
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.the HDC 9 and the R/W channel 8.

The CPU 10 is a main controller of the disk drive
and also a ﬁain element of the servo system. The CPU
10 perfofms control operations related to a head
positioning operation, a learning operation, and a
servo compensating operation, which are main functions
of the servo system. - The memory 11 is a rewritable
memory such as a flash_EEPROM_and includes a
nonvolatile flash memory 11A and a'dynamic RAM (simply
referred to as RAM hereinafter) whose storage contents
are cleared when power is turned off. The fiash
memory llA stores an initial learning valﬁe calculated
by a learning operation when the drive is manufac-

tured. The RAM 11B stores a 1earnihg value calculated

"by a learning operation when the drive is started

after shipment. The RAM 11B also serves as a memory
for temporarily storing an initial learning value as
a working memory of the CPU 10.

The disk drive also comprises a temperature
sensor 12 for sensing temperature variations of tle
drive. The CPU 10 receives a sense signal from the
temperature sensorllz to monitor the temperature
variations of the body of the drive.

(Servo System) | -

The servo system, which includes the CPU 10 as

a main element, is.incorporated into the disk drive.

The disk drive reads/writes data from/to a data sector
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to be accessed, which is contained in a target track
on the disk 1, in response to a read/write command
from the host system. The servo system drives the

actuator 4 (actually VCM 5) in order to position

the head 2 in a target track on the disk 1 in the

read/write operation. The servo system employs servo
data read out of a serﬁo area on the disk 1 by the
head 2 to perform a servo contrbl operation including
both a seek operation and a tracking operation.

The servo system carries out a seek operation
for moving the head 2 to the target frack under the
contfol of speed. The serﬁo system shifts the seek
operation to a tracking operation to position the head
2 within a target track (on the center line of the |
track). Conceptually, the servo sjstem includes a
feedback control system and a feed-forward control
system for making servo compensation by adding a servo
compensation value to a control value of the feedback
control system.

As described above, when a disk runout occurs in
a servo track (including servo sectors) on the disk,
the tracking operation does not succeed only by the
tracking control for servo data. Thus, the servo
system obtains a servo compensation value (correction
value) using the initial learning value or the
learning value (disk runout component) calculated by

the learning operation and executes servo compensation
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for the tracking operation. In other words, the servo
system includes a servo controller for carrying out

a sérvo control operation and a learning controller
for.pérforming or stopping the learning operation.
(First Embodiment)

A learning operation according to a first
embodiment of the present invention will now be
described with reference to FIG. 1 and the flowchart
of FIG. 2. .

The power of a disk drive is turned on. When the
spindle motor 3 starts and reaches a given number of
stétionary revolutions, the.sérvo sYstem (CPU 10) sets
a learning cylinder as a target position and drives
the actuator 4 to perform a seek operation (steps S1
and S2). Since, in the first embodiment, a learning
operation is performed for a plurality of heads 2,

a track may be called a cylinder for the sake of

convenience.

When the actuator 4 arrives at the'leafning

cylinder, the CPU 10 selects a first-leérning head 2
(whose head number HN is defined as 0) (step S3).
In this embodiment, the number of disks is assumed to
be one. The head (head number HN = 0) on the face of
the disk 1 and the head (head number HN = 1) on the
back fhereof are mounted on the actuator 4.

The CPU 10 reads an initial learning value

corresponding to the head (head number EHN = 0) from
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the flash memory 1lA and sets it in a working memory
of the RAM 11B (step S4). The CPU 10 performs

a tracking operation to poéition the head within

a target track of the learning cylinder (step S5).
Then, the CPU 10 makes servo compensation using the
initial learning value stored in the RAM 11B to
determine whether the head (head number HN = 0) is

on track (step S6). ' In ofher words, the CPU 10
determines whether the head 2 is positioned on the
center line of thé target track and can be maintained
as it is within a given period of time (determination
of whether the tracking operation succeeds or fails).

When the head is on track, the CPU 10 selects the
next head (head number HN = 1) and repeats the steps
S4 to S6 (steps S7, S8). When each of the heads 2
succeeds in on-track, the CPU 10 stops a learning
operation and moves to a read/write preparation
operation (YES in step S6 and YES in-step 87).

When either of the heads 2 fails in on-track,
the CPU 10 moves to a learning operation (NO in step
S6 and S9). 1In other words, the CPU 10 performs
the learning operation to calculate a disk runout
component (learning value) using a positional error of
the head calculated by the tracking operation. The
CPU 10 obtains a servo compensation value from the
learning value calculated by the learning operation,

and performs a tracking operation again to make the
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head follow tlie target track (learning cylinder)
(step S10). .

The CPU 10 executes servo-compensaﬁion using
a learning value obtained by the learning operation to
determine whether the head 2 is on track or not. If
the head succeeds in 6n-track, the CPU 10 stores the
learning value in the RaM 11B (YES in step sll, sl2).
On-the othér hand, if the'head fails in on-track, the
CPU 10 performs a learning operation again and repeats
the tracking operation and the on—track.determining
operation (NO in step'Sll). However, the learning
operation is repeated only by the predetermined number
of timés and stops if the head does not succeed in
on~track.

According to the first embodiment described
above, when the drive starts, the servo system
performs a tracking operation using the stored initial
learning valﬁé and inhibits a learning operation from
being performed for the head for learning when the
head succeeds in on-track. Then, the servo system
determines that the initial learning value stored
in the flash memory 1ll1A is valid. As a result of
determination, the servo system does not perform a
learning operation during the servo control operation
in the read/write mode, but uses the initial learning
value stored in the flash memory 1l1A. In-the tracking

operation, the servo system obtains a servo
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compensation value using an initial learning value
and performs a tracking operation using the servo
compensation value.

When the tracking operation ﬁsing the initial
learning.value fails (the head is not on track), it
shifts to a learning operation for the head to store
the learning value in the RAM 11B. Then, the servo
system determines that the initial learning value is
invalid and perfp;ms a servo control operation using
a learning value calculated by the learning operation.
In the tracking operation contained in the servo
control operation, the servo system obtains a servo
compensation value usiné the-léarning value stored in
the RAM 11B. Thus, the tracking operation is carried
out using the sérvo compensation value.

Actually, the servo system performs a servb
control operation using a 1earning.value when the
learning value is stored in the RAM 11B. In short,
no learning value is stored in the RAM 11B when the
initial learning value is wvalid.

When the initial leérping value is valid, all
or part of the learning operation for each head is
stopped; therefore, time required for the learning

operation can be shortened, so can be time required

for preparing a read/write operation when the drive

is started. When the initial learning value is not

valid, a servo control operation using the learning
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value calculated by the learning operation is carried
out. It is thus possible to prevent a situation in
which a disk drive is troubled due to the use of an
improper initial learning value.

(Second Embodiment) .

FIG. 3 is a flowchart explaining a learning
operation according to a second embodiment of the
present invention. The second embodiment is directed
to a servo system. The servo system compares the
initial learning value calculated by a learning
operation perfofmed during the manufacture of a disk
drive and the present learning valué corresponding to
a given head. When a difference between the learning
values falls within tolérance (or not larger than |
a pfescribed value), the servo system determines that
a variation in disk runout falls within tolerance
and uses the initial learning value as a probér one.
Referring to the flowchart of FIG. 3, the learning
operation will now be desqribed more specifically.

The power of a disk drive is turned on. When the
spindle motor 3 starts and reaches a given number of
stationary revolutions, the servo system (CPU 10) sets
a learning cylinder as a target position and drives
the actuator 4 to perform a seek operation (steps 520
and S21).

When the actuator 4 arrives at the learning

cylinder, the CPU 10 selects a first-learning head 2
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(whose head number HN is defined as 0) (step S22).
The CPU 10 reads an initial learning.valﬁe.(defined aé
PL) corresponding to the head (head number HN = 0)
from the flash memory 11A and sets it in a working
membry of the RAM 11B (step S23). The CPU 10 performé
a learning operation corrésponding to the selected
head (head number HN = 0) using the initial learning
value and_célculates a learning value (defined as LV)
corresponding to a disk runout component at the
pfesent time (step S24).

The CPU 10 determines whether the calculated
learning value (LV) is proper or not (whether the
learning operation succeeds or not). More specifi-
cally, the CPU 10 executes servo compensation using
the learning value (LV) to determine whether the head
(head number EN = 0) can be tracked on the learning
cylinder (step 825). When the leérning operation
fails, a learning operation corresponding to the
head (head number HN = 0) is performed again (NO in
step 825).

When the learning operation succeeds, the CPU 10
compares the learning value (LV) at the present time
and the initial learning value (PL) at the time.of
manufacture and determines whether a diﬁference
between the values is not higher than a specified
value (within tolerance or out.of tolérance)

(step S26). If a determination result falls within



10

15

20

25

- 18 -

tolerance, the CPU 10 determines that no disk runout
varies but the initial learning value (PL) at the.time'
of manufacture is proper, and stores the respective.
learning values (PL), which correspond to all the
heads (two heads in this embodiment) including the
head (head number HN = 0), in the RAM 11B (step S27).
If a determination result goes out of tolerance,
the CPU 10 determines that the present-time learning
value (LV) is proper because disk runout varies after
the manufacture and stores it in the RAM 11B (step
S528). The CPU 10 also performs a normal learning
operation corresponding to the head (head number HN =
l).other.than-ﬁhe head (head number HN = 0) and'storés
the calculated learning value (LV) in the RAM 11B
(steps S29 to S34). When the learning operation
fails, a learning operation corresponding to the head
(head number HN = 1) is perforﬁed again (NO in step i
533). The above learning operations are performed for

all 'the heads (two heads in this embodiment) mounted

~on the disk drive and then the calculated present-time

learning values are stored in the RaM 115 as proper
ones (YES in step S29, YES in step S35).

According to the second embodiment described
above, when the disk drive starts, the servo system
carries out a learning operation correéponding to
a first-learning head and compares the present-time

learning value (LV) and the initial learning value
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(PL) to determine whether a difference between the
values is not higher than a specified value (ﬁithin
tolerance or out of tolerance). If a determination
result falls within folerance, no disk runout varies
and the CPU 10 determines that the initial learning
value (PL) corresponding to each head is valid at
the time of manufacture. From fhen on, a learning
operation corresponding to the head (head number HN =
1) othe; than the first head (head number HN = 0)
is prevented from being carried out. Consequently,
time for performing the learning operation can be
shortened, so cép be time for preparing a read/write
operation when the drive starts. |
When the CPU determines that the initial learning
value is not valid, it performs a normal learning
operation corresponding to all the heads, stores the
present-time learning value in the RAM 11B, and uses
the learning value for servo compensation in the
read/write mode. Since, the;efore, a learning wvalue
calculated by the learning operation is used ﬁhen the
initial learning value is improper, a situation in

which a disk drive is troubled due to the use of

~an improper initial learning value can be prevented.

(Third Embodiment)
FIG. 4 is a flowchart explaining a learning
operation according to a third embodiment of the

present invention. The third embodiment relates to a
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servo system having a function of inhibiting a normal
learning operation from being performed if.a learning
value (a present-time learning value calculated by

a learning operation) is.stored in the RAM 11B when
the spindle motor 3 starts. The learning operation

will now be described specifically with reference to

‘the flowchart shown in FIG. 4.

The third embodiment is directed to a éystem for
storing a learning value, which is calculated by a
normal learning operation-pefformed immediétely after
the power of a disk drive turns on, in the RAM 11B.

As described above, an initial learning value measured
and stored in the flash memory 11A when the disk drive
is manufactured is used in the normal operation.

Since the RAM 11B is a nonvolatile memory, the
learning values stored therein are erased when the
power of the disk drive turns off. However, the RAM
11B stores the iearning values during which period
power continues to be supplied even when the
read/write oberation is stopped.

Assuming that a motor start command is issued
from the host system, the disk drive starts the
spindle motdr 3 and shifts to an opefation for
preparing a read/write operation. Then, the CPU 10
refers to the contents stored in the RAM 11B to
determine whether a learning value (or an initial

learning value) of each head is present or not before
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the CPU 10 starts the spindle motor 3 (step S540).
When a learning value.corfesponding to each head

is stored in the RAM 11B, the CPU 10 does not perform

" a normal learning operation but starts the spindle

motor 3 and shifts to.a first seek operation when it
reaches a given number of stationary revolutions (YES
in step s40, steps S51 énd.SSZ). After that, the CPU
10 shifts to a read/write operation. |

When a learning value corresponding to each head
is not stored in the RAM 11B, the CPU 10 shifts to a
normal learning operation (NO in step S40). In other
words, when the spindle motor is started and a given
number of stationary revolutions are obtained, the CPU
10 carries out a seek operation to a learning cylinder
set as a target position (steps S41 and S42).

The CPU 10 selects a first-learning head 2
(head numBer HN = 0) when the actuator 4 reaches tlie
learning cylinder (step S43). The CPU 10 reads
an initial learning value corresponding to the head .
(head number HN = 0) from the flash memory 11A and
sets it in a working memdry of the RAM 11B (step S44).
ﬁsing the initial learning value, the CPU 10 performs
a learning operation corresponding to the selected
head (head number HN = 0) and calculates a learning
value corresponding to a disk runout component at the
present time (step $45).

The CPU 10 determines whether the calculated'
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learning value is proper or not (whether the learning
operation succeeds or not) (step 546). When the
learning operation suéceeds, the CPU 10 stores the
learning value, which is calculated by the learning
operation, in the RAM 11B (YES in step S46, step S47).
The foregoing learning operation is repeated for all
the heads (two heads in this embodiment) (steps S48
and S49). |
When the learning operation fails, the CPU 10
stores the initial learning value in the RAM '11B as a'_
learning value corresponding to the head (head number
HN = 0) (NO in sfep 546, step S50). Thus, there is
a case where both the presept—time learning value
calculated by the learning operation and the initial
learning value calculated at the time of manufacture

are mixed and stored in the RAM 11B as learning values

. for the heads.

According to the tﬁird embodiment described
above, if a learning value is stored in the RAM 1iB
when the disk starts to rotate, it is determined as
a valid one to stop a normal learning operation and
start preparing a read/write operation. Therefore,
time required for performing the learning operation
can be shortened, so can be time required for
preparing the read/write operation. In short, during
which period power is cohtinuously supplied to the

disk drive, the learning value calculated by the first
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learning operation is considered to be valid and the
learning operation is omitted.' Even during this
period, it is assumed that a variation in disk runout
is small.

When the supply of powef to the disk drive is
cut off, the learning values stored in the RAM 11A
are cleared. Since, therefore, the learning
operation is performed at the next starting time,
an updated léarning value is stored in the RAM 11A.
Cbﬁsequently, a servo control operation using a proper
learning value can always be performed even when disk
runout varies greatly.

(Fourth Embodiment)

FIG; 5 is a flowchart explainipg a learning
operation according to a fourth embodiment of the
present invention. The fourth embodiment relates to
a servo system having a learning function of

appfopriately updating an initial learning value

~measured and stored in the flash memory 11A when

a disk drive is manufactured. The léarning operation
will now be described specifically with reference to
the flowchart shown in FIG. 5.

The foufth embodiment is directed to a servo
syétem having an update mode for updating an initial
learning value in accordance with prescribed
conditions (e.g., a lapse of fixed time). 1In the

update mode, the CPU 10 performs a learning operation
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for each of heads tb calculate the present-time
learning value (LV). More.specifically, when a
tracking operation is performed for a taréet cylinder
(or a learning cylinder or a read/write cylinder) on
a disk, the CPU 10 calculates the piesent-time
learning value (LV) from a positional error (an error
in the position of the head to the center line of the
track) obtained by a positional-error operation (steps
S60 to S62). As in the normal learning operation,
£he CPU 10 extracts a disk runout component from
the positional error:and calculates a learning value
corresponding to the disk runout component.

The CPU 10 stores the calculated presenﬁ—time

learning value (LV) in the RAM 11B (step S63). Then,

‘the CPU 10 reads the initial learning value (PL),'

which is obtained at thé time of manufacture, from the
flash memory 11A and compares it with the learning
value (LV) (step-564).. The CPU 10 determines whether
a difference between the values is not higher than
a specified value (within tolerance or out of
tolerance). If the difference falls within tolerance,
the CPU 10 maintains the initial learning value (PL)
as it is. The CPU 10 ekecutes servo compensation in
a tracking operation using a learning value stored in
the RAM 11B (step S65). | |
When the difference goes out of tolerance, the.

CPU 10 determines that the calculated learning value
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(LV) is proper because disk runout varies after fhe
manufacture and then uédates the initial learning .
value (PL) (step S66). More specifically, the CPU 10
rewrites the learning value (LV), which is calculated.
for each head at the present time, as a new initial
learning value (Pﬁ) stored in the flash memory 11A.
Accordinglto the fourth embodiment described

above, in the update'mode, the-CPU.determines whether

the initial learning value (PL) is valid or not by

‘comparing the learning value (LV) calculated by the

learning operation at the present time and the initial
learning value (PL). If a determination result goes

out of tolerance and the initial learning value is not

valid, it is updated using'thé present-time learning

value (LV).  Consequently, a proper initial learning
value can always be maintained by app;opriately
updating the initial learning value, which is set
during the manufacture, with the passage of time.

In the case where the learning operation, which
is performed when the disk starts to rotate; fails,
the CPU 10 cannot store the present-time learning
value (LV) in the RAM ilB. In this case, the CPU 10
calculates a servo-cﬁmpensatibn value in the tracking
operation using the initial learning value stored in
the flash memory 11A as an alternative. Since the
initial learning value stored in the flash memory 11A

is updated within a fixed period of time, it can be
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considered to be close to a learning value that can
be assumed at the present time. Consequently,
servo compensation can reliably be achieved if

an appropriate initial learning value is used as

an alternative even when the learning operation fails.

In other words, a situation in which the disk
drive is troubled due to the use of an inappropriate

initial learning value can be prevented. The initial

‘learning value is used as an initial value during the

learning-operation; therefore, if the initial learning
value is an updated appropriate one, time for
performing the learning operation can be shortened,

as can be.time for preparing the read/write operation
when the drive starts to operate.

(Fifth Embodiment)

FIG. 6 is a flowchart explaining a learning
operation according to a fifth embodiment of the
present invention. The fifth embodiment relates to
a servo system having a learning function of updating
an initial learning value, which is measured and
stored in the flash memory 11A when a disk drive is

measured, during the learning operation. In other

‘words, the fourth embodiment is directed to a method

of updating the initial learning value every fixed
time period, whereas the fifth embodiment is directed
to a method of updating the initial learning value

during the learning operation. The learning operation



10

15

20

25

- 27 -

of the fifth embodiment will now be described

specifically with reference to the flowchart shown in

’ FIG. 6.

When the spindle motor 3 starts and reaches
a given number of stationary revolutions, the CPU 10
sets a learning cylinder as a target position and
drives the éctuatér 4 to perform a seek operation
(steps S70 and S71).

When the actuator 4 arrives at the learning
cylinder, the CPU 10 selects a first-learning head 2
(whose head number HN is defined as 0) (step S72).
The CPU 10 reads an initial learning value (PL)
corresponding to the head (héad number HN = 0) from
the flash memory 11A and sets it in a working memory
of the RAM 11B (step S73). The CPU 10 performs a
learning operation corresponding to the selected head
(head number HN =_0)-using the initial learning value
and calculates a learning value (LV) at the present
time (step S§74).

The CPU 10 determineé whether the calculated
learning value (LV) is propér or not (whether the
learning operation -succeeds or not) (step §75).

When the learning operation fails, the CPU 10 stores
the initial learning value (PL) in the RAM 1llA as an
alternative to the present-time learning value (NO in
step S75, S80). When the learning operation succeeds,

the CPU 10 stores the calculated learning value (LV)
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in the RAM 11A (YES in step S75, S76).

The CPﬁ 10 compares the learning-#alue (LV) and
the initial learning value (PL) to determine whether
a difference betweeﬁ the values is not higher than a
specified value (within tolerance or out of tolerance)
(step 877). If a determination result falls within
tolerance, the CPU 10 determines that the initial
learning value (PL) is proper even at the present
time and maintains the initial learniﬁg value stored
in the flash memory 11A. On the other hand, if the
determination result goes out of tolerance, thé CPU 10
determines that the initial learning value (PL) is |
improper and updates;it‘(step S78). More specifi-

cally, the CPU 10 rewrites the learning value (LV)

calculated at the present time as a new initial

learning value (PL) stored in the fiash memory 11lA.
The above learning operation is performed for all
ﬁhe heads.(two heads in this embodiment) mounted on
the drive (steps S79 and S81). Thus, the present
learning value (including the initial learning value)

of each of the heads is stored in the RAM 11B. One of

. the initial learning ﬁalues of the heads stored in the

flash memory 11A, which is determined as an improper
value, is updéted by a learning value calculated by
the learning operation.

According to the fifth embodiment described

above, the CPU determines whether the initial learning



10

15

20

25

- .29 -

value (PL) is valid or not by comparing the present-
time learning value (LV) calculated by the learning

operation and the initial learning value (PL) when the.

'_learning operation is performed when the disk starts

to rotate. If a determination result goes out of
tolerance and the initial learning value is not valid,
the initial learning value is updated using the

present-time learning value (LV). Consequently, the

initial learning value set at the time of manufacture

can always be maintained as a proper initial learning:
value. 1In the case where the learning operation,
which is performed when the disk starts to. rotate,
fails, an initial learning wvalue, which is close to

a 1earning value that can be assumed at the present

‘time, can be used as an alternative, servo compensa-

tion can reliably be achieved. In other words, a
situation in which the drive is troubled due to the
use of an inappropriate initial learning value can
be prevented. The initial learning value is used as
an initial value during the learning operation;
therefore, if the initial.learning value is-an updated
appropriate one, time for performing the learning
operation can be shortened, as can be time for
preparing the read/write operation when the drive
starts to operate. |

(Sixth Embodiment)

FIG. 7 is a flowchart explaining a learning'
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operation according to a sixth embodiment of the
preéent invention. The sixth embodiment relates to
a servo system capéble of achieving servo compénsation
by storing a proper learning value in the RAM 11A even
when disk runout occurs due to variations in internal
temperatures of a disk drive. The learning operation
of the sixth embodiment will now be described |
specifically with reference to the flowchart shown in
FIG. 7. |

In the sixth embodiment, as shown in FIG. 1,
a temperature sensor 12 is provided in the disk
drive, and the CPU 10 has a function of receiving a

temperature-sensing value from the temperature sensor

'12 and monitoring variations in internal temperatures.

The flash memory 11A stores a temperature-by-
temperature table showing initial learning values of
heads measured at respective témpératures. Referring
to the table, the CPU 10 can retrieve the initial
learning value of each head corresponding to the
temperature sensed by the temperature sensor iz.

When the-spindle motor 3 starts and reaches
a given number of stationary revolutions, the CPU 10
sets a learning cylinder as a_tafget position and
drives the actuator 4 to perform a seék-operation
(steps S90 and S91). Then, the CPU 10 receives a
temperature sensing value from the temperature sensor .

12 and stores a temperature value, which is obtained
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at the present time (during the learning operation),

in a working memory of the RAM 11B (step S92).

The CPU 10 selects a fiﬁst-learning head 2 (whose
head number HN is defined as 0) and starts a learning
operation (step S93). Referring to the temperature-
by-temperature table corresponding to the sensed
temperature value, the CPU 10 reads an initial

learning value (PL) corresponding to the head (head

.number HN = 0) from the flash memory 11A and sets it

in a working memory of the RAM 11B (steps S94, S95).

.The initial learning value (PL) is one corresponding

to the temperature of the drive at the preseht time.
The CPU 10 performs a learning 6peration corresponding
to the selected head (head number HN = 0) using the
initial learning value and calculates a learning value-
at the present time (step S§96).

‘The CPU 10 determines whether the calculated
learning value is proper or not (whether the learning
operation succeeds or not) (step S97). When the
learning operation succeeds, the CPU 10 stores the
calculated learning value in the RAM 11B (YES in step
597, sS98). The above learning operation is repeated
for all the heads (two heads in this embodiment)
(stepé 8100 and S101).

When the learning operatioh fails, the CPU 10
stores the initial learning value in the RAM 11B as

a learning value corresponding to the head (head
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. number HN = 0) (NO in step S97, S99). There is a case

where both the present-time learning value calculated
by the learning operation and the initial'leafning
value calculated at the time of manufacture are mixed
and stored in the RAM 11B as a learning value of each
of the.heads. |

According to the foregoing_embodiment, prior to
the learning operation performed when the disk starts
to rotate, the internal temperature of the drive is
sensed and the initial learning value corresponding
to the sensed temperature is retrieved from the
temperature-by-temperature table. If is thus possible
to set an initial learning value proper to the present
temperature. Using sﬁch an initial learning value for
the learning operation, a learning operation adapted
to the current temperature caﬁ be performed.

In other words, time for performing the learning
operation can be shor#ened and so can be time for
preparing the read/write operation. When the learning
operation fails and the initial learning value is used
as an alternative to the present learning value, the
initial learning value proper to the present-time
temperature can be used; therefore) servo compensation
can reliably be achieved.

(Modification)
In the normal learning operation, a learning

value (disk runout component) is calculated by
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Fourier-expanding a positional error obtained through
a positional-error operation using servo burst data
when a tracking operation is performed. The basic
expression for calculating the learning value (LN:
N-th order component) is LN = K (asinA + BcosB).

It can be confirmed experimentally that an
effective value is set for the coefficient K of the
basic expfession for every range of temperatures.
More specificélly, "Rl is effective when temperature
is not higher than 10 degrees. "K2" is effective
at normal temperatures and "K3" is effective when

temperature is not lower than 50 degrees. As a

" modification to the above sixth embodiment, the

temperature-by-temperature table including the initial
learning values corresponding to temperatures can be
replaced with a structure for storing coefficients Kn
of respective temﬁeratures (within given rangés) in
the flash memory 11A and obtaining an.initial learning
value of each temperature from the coefficients Kn and
the basic expression.

In each of the embodiments, it is assumed that
an initial learninglvalue of each head is stored in
the flash memory 11A. The present invention is not
limited to this. The initial learning value can be .
stored for each head and for each location on a disk
(specifically for each zone having a given number of

tracks as a unit). It is also assumed that the
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initial learning value is stored in the flash memory
11A when the drive is manufactured. The present
invention is not limited to this. The initial
learning value can be stdred after the drive is
shipped. It is however desirable that the initial
learning value be stored in the flash memdry 11a |
before the power of the drive turns on and the spindle
motor starts.

Furthermore, the coefficient Kn of each

. temperature (each range) as well as the initial

learning value of each head and each location can be
stored in the flash memory 11lA to obtain an initial
learning value of each temperature from the
coefficient Kn and the basic expression.

According to the present invention described

above in detail, first, time required for performing

a learning operation when a disk drive starts can be

shortened; accordingly; time required for preparing

'a read/write operation can be shortened. Secondly,

an improper initial learning value can be prevented
from being used as an alternative to the present
learning value. Consequently, a situation in which
a drive is troubled due to the use of an improper

initial learning value can be prevented, -and servo

compensation can always be achieved with reliability.
In short, the servo system included in the drive

of the present invention determines whether a learning



10

15

20

25

- 35 -

control means performs a learning operation when the
drive (spindle motor) starts and inhibits the learning
operation from being performed if an initiai learning
value is valid. The learning control means moves

a head to a given target position (a designated track
for learning) to carry out a tracking operation using
the initialllearning_value. When the head is located
in the target position by the tracking operation (when
the tracking operation succeeds), the learning control
means determines that the initial learning vélue is
valid.

Consequently, when the initial learning value is
valid, the learning operation performed when the drive
starts is omitted. Time for performing the learning
operation can be séved and thus‘time for startihg the
drive (time for preparing the read/write'operation)
can be shortened. When the learning control means
determines that the initial learning value is valid,
the learning operation is stopped and the initial
learning value is used for the subsequent servo
control operation. On the other hand, when an amount
of eccentricity is changed over tolerance due to |
a change of environment, the learning control means
determines that the initial learning value is invalid
and the learning operation is carried'out. Since a
proper learning value is always used, a situation in

which the drive is troubled in preparing a read/write
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operation due to the use of an improper initial
learning value can be prevented.

The servo system included in the drive of

~ the present invention has a function capable of

.apprbpriatély updating an initial learning value

measured and stored in a nonvolatile memory when the
drive is manufactured. If a learning operation, which
is performed when the driQe starts, féils, a valid
initial learning value adapted to the current state
can be used as an alternative. The use of an initial
learning value differing from a state in which an
amount of eccentricity of a disk is changed after the
disk is manufactured, pfevents a situation in which
the drive malfunctions.td cause trouble in preparing
a read/write operation. Since, furthermore, an
appropriately-updated initial learning value is used
as an initial value in the learning operation, time
required for the learning operation can be shortened.
Additional advantages and modifications will
readily'occur to those skilled in the art. Therefore,
the invention in its broader aspec¢ts is not limited to
the specific details and represehtétive embodiments
shown and déscribed herein. Accordingly, various
modifications may be made wiihout departing from the
spirit or scope of thé general inventive concept as |

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk drive comprising:

a disk including a track containing a servo area
on which servo data is;prerecordéd;

a head configured to read/write data from/to said
disk; |

an actuator mounted with said magnetic heéd and
configured to locate said magnetic head in a target
position on said disk;

a servo controller configured to perform a servo
control operation for driving said actuator and |
locating said magnetic head in the target position on
said disk;

a memory configured to store an initial learning
value for determining a servo compensation value
required when tﬁe servo control operation is
performed; and

a learning controller configured to determine

whether the initial learning value is valid and

“inhibit a learning operation from being performed when

the initial learning value is valid as a determination’

result.

2. The disk drive according to claim 1, wherein
said learning controller performs a leérning operation
when the initial learning value is invalid as a
determination result, and stores a learning value

calculated by the learning operation in said memory.

* . C L M s *
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3. The disk drive according to claim 2, wherein
said servo controller calculates the servo compensa-
tion value using the initial learning value stored in
said memory and the learning value calculated by the’
learning operation, the servo compensation value being
used in a seek operatibn and a tracking operation both
included in the servo c¢ontrol operation when the
tracking operation is performéd.

4. The disk drive according to claim 2, further
comprising a second memory different from said memory
that is defined as a first memory,'said first memory
including a nonvolatile flash membry configured to
store the initial learning value, and said second
memory including a read/write memory configures to
store the learning value calculated by the learning
operation.

5. The disk drive according to claim 1, wherein
the learning controller causes said servo controlier
to perform a servo control operation when the disk
drive starts, and determines that the initial learning
value is valid when a tfacking'operation succeeds by
serVo'compensation using the initial learning value.

6. The disk drive according to claim 1, wherein
the learning controller determines validity of the
learning value calculated by the learning operation,
and performs the learning operation-again when the.

learning value is invalid and stores a learning value

* ¢ L M s =
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calculated by performing the learning operation again
in said memory.

7. A disk drive comprising:

é disk including-a track containing a servo area
on which servo data is prerecorded;

a head configured to read/write data from/to said
disk;

an actuator mounted with said magnetic head and
configured to locate said magnetic head in a target
position on said disk; |

a servo controller configured to perform a servo
control operation for driving said actuator and
locating said maénetic head in the target position on _
said disk;

a first memory configured to store an initial
learning value for determining a servo compensation
value required when the servo control operation is
performed;

a second memory which differs from said first
memory and to which said éervo conﬁroller refers; and

a learning controller configured to calculate a
learningivalue by performing a learning operation when
the disk drive starts, and store the initial learning
value in said second memory when a difference between
the learning value and the initial learning value
falls within tolerance and store the learning value

calculated by the learning operation in said second

R
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'memory when the difference goes out of tolerance.

8. The disk drive according to claim 7, wherein

‘'said servo controller calculates the servo compensa-

tion value using the initial learning value stored in
said second memory and the learning value calculated
by the learniﬁg operation, the servo compensation
value being used in a seek operation and a tracking
operation-both included ih the servo control operation
when the tracking operation.is performed.

9. A disk drive comprising:

a disk including a track containing a servo area
on which servo data is prerecorded;

a head configured to read/write data from/to said
disk;

an actuator mounted with séid magnetic head and
configured to locate said magnetic head in a target
position on said disk}

a servo controller configured to perform a servo
control operation for driving said actuator and
locating said magnetic'héad in the target position on
said disk;

a first memory configured to store an initial
learning value for determining a servo compensation
value required when the servo control operation is
performed;

a second memory which differs from éaid first

memory and to which said servo controller refers; and

/
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a learning controller configured to perform
a learning operation using the initial learning value
and store a present learning value calculated by the
learning operation in said second memory when no
present learning value is stored in said second memory
when the disk drive starts, and inhibit the learning
operation from being performed when the present
learning value is stored in said second memory.

10. The disk drive according to claim 9, wherein
said servo controller dalculates the servo compensa-
tion value using the present learning value stored in
said second memory, the servo compensation value being'
used in a seek operation and a tracking operation both
included in the éervo control operation when the
tracking operation is performed.

11. A disk drive comprising:

a disk including a track containing a servo area
on which servo data is prerecorded;

a head configured to read/write data from/to said
disk; |

an actuator mounted with'said magnetic head and
configured to locate said magnetic head in a target
position on said disk;

a servo cpntroller configured to perform a servo
control_operation for driving said actuator and
locating said magnetic head in the target position on

said disk;
—_—
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a first memory configured to store an initial

learning value for determining a servo compensation

- value required when the servo control operation is

performed;
a second memory which differs from said first
memory and to which said servo controller refers; and
a learning controller configured to calculate
a present learning value by performing é learning
opeiation using the initial learning value when the
disk drive starts and store the present learning value
in said second memory, and store the present learning
value in said first memory when a difference between
the present learning value and the initial learning
value falls within tolerance and ﬁpdate the initial
learning value.

12. The disk drive according to claim 11, wherein
said servo controller calculates the servo compensa-
tion value using the present learning value stored in
said second memory, the servo compensation value being
used.in a seek operation and a tracking operation both.
included in the servo control operation when the
tracking operation is performed. |

13. The disk drive according to claim 11, wherein
the servo controller calculates the servo compensation

value using the initial learning value while referring

to said first memory when the present learning value

is not stored in said second memory.

*
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14. The disk drive according to claim 11, wherein
said learning controller updaﬁes the initial learning
value every fixed time period.

15. The disk drive according to claim 11, wherein
said learning conﬁroller updates the initial learning
value when the learning operation is performed.

16. A disk drive comprising:

a disk including a track containing a servo area
on which servo data is prerecorded;

a head configured to read/write data from/to said
disk;

an actuator mounted with said magnetic head and
configured to locate said magnétic head in a target
pésition on said disk;

a servo controller configured to perform a servo
control operation'for driving said actuator and
locating said magnetic head in the target position on '
said disk;

a temperature sensor configured to sense
an internal temperature of the disk drive

a first memory configured to store an initial
learning value for determining a servo compensation
value.required when the servo control operation is
performed;

a second memory which differs from said first-
memory and to which said servo controller refers; and

a learning controller configured to retrieve
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an initial 1earning value corresponding to the
internal temperature'sensed by said temperature sensor
from said first memory, perform a learning operation
using the initial learning value, and store a learning
value calculated by the learning operation in said
second memory.

17. The disk drive according to claim 16, wherein
said learning controller stores the initial learning
value retrieved from said first memory in said second
memory when a present learning value calculated by the
learning operation is invalid.

18. The disk drive according to claim 17, wherein
said servo controller calculates the servo compensa-
tion value using one of the present learning value
and the initial learning value stored in said second
memory, the servo compensation value being used in
a seek operation and a tracking operation both
included in the servo control operation when the
tracking operation is performed.

19. The disk drive according to claim 16, wherein
said first memory stores a temperature coefficient
that is set for each pre-calculated initial learning
value and each predetermined temperature range, and
said learning controller retrieves a temperature
coefficient corresponding to the internal temperature
éenéed by said temperature sensor from said first

memory and determines an initial learning value

_
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corresponding to the internal temperature using the
temperature coefficient.
20. A method of servo control.for a disk drive

including a head and a disk, the method comprising:

determining validity of an initial learning value
stored in a memory in advance before a servo control
operation is performed to locate the head in a target
position on the disk;

inhibiting a learning operation from being
performed before the servo control operation when the
initial learning value is valid; and

calculating a servo compensation value required
when the servo control operation is performed, using
the initial learning vaiue.

21. A method of servo control for a disk drive

including a head and a disk, the method comprising:

calculating a present 1earning value for
calculating a servo compensation value required when
a servo control operation is performed, before the
servo control operation;

comparing the present learning value with an
initial learning value stored in a memory in advance;
and

storing the initial learning value in the memory
as a learning value for calculating the servo
compensation value when a difference of a comparison

result falls within tolerance and storing the present

[ I H.lj I
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learning value in the memory when the difference. goes
out of tolerance.
22. A method of servo control for a disk drive
including a head and a disk, the method comprising:
retrieving a learning value for calculating
a servo compensation value required when a servo
control operation is performed, before the servo
control operation;

performing a'learning operation using a preset
initial learning value when a learning value is not
stored in the memory; and

inhibiting the learning operation from being
performed when a léarning value is stored in the
memory.

23. A method of servo control for a disk drive

including a head and a disk, the method comprising:

performing a leafning operation using a preset
initial learning value before a servo control
operation is performed;

comparing a present learning value calculated by
the learning operation and an initial learning value
stored in a memory in advance; and _

storing the present learning value in the memory
and updating the initial learning value when a
difference of a comparison result falls within
tolerance.

24. A method of servo control for a disk drive

AR
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including a head and a disk, the method compfising:

sensing an internal temperature of the disk drive
by a temperature sensor when a servo contfol operétion
is performed; |

retrieving an initial learning value correspond-
ing to the internal temperature sensed by the
temperature sensor; and

performing a learning operation using the initial
learning value and setting a learning value calculated
by the learning operation as a present learning value
for calculating a servo compensation value required

when the servo control operation is performed.
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