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The present invention relates to a disk drive
apparatus equipped with a plurality of disks on which
servo information is prerecorded, and more particularly
to a disk drive apparatus and method suitable for

10 compensating for non-continuity of servo information
that occurs, for example, when one head is selected.

A hard disk drive is known as a disk drive using
disks as storage mediums. In a hard disk, in general,
a head is moved to a target track by seek control and

i5 positioned in a target area on the target track, on the
basis of servo information prerecorded on each disk.

In the prior art, servo information is written to
each disk in the following procedure, after heads and
disks are assembled into a head/disk assembly

20 (hereinafter referred to as an "HDA"). First, the HDA
is set in a servo track writer (STW). Subsequently,
under the control of the servo track writer, the heads
in the HDA write servo information to the respective
disks therein. This servo information writing method

25 is, however, inefficient.

Recent servo track writers are configured to

simultaneously write servo information to the disks of



‘di s®s therein. This servo information witing nethod 25 is, however,
inefficient. Recent servo track witers are configured to sinultaneously
wite servo information to the disks of +Ir - 2 a plurality of drives. To
enable this witing, a plurality of disks are stacked in a servo track
witer of this type. Further, heads dedicated to the witing of servo
information are provided at the respecLivg 5_positions of the disks stacked
in the servo track witer. These heads sinultaneously wite servo
information to the respective disks. This servo information witing nethod
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read signal read om & di sk, an encodi ng process on wiite data, ~and a

decodi ng process oorv&ath et &€ addpréeadéavat el Adspexpraites a
servo information detection (reading) process. In general, the servo 20
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sector address, a cylinder address (cylinder code) and burst data, etc.
Accordingly, iwriter. These heads simultaneously write servo
information to the respective disks. This servo
information writing method (hereinafter referred to as
a "pre-servo method") enhances the efficiency of
10 writing servo information to the disks.
The hard disk drives include an IC (Integrated
Circuit), called a read/write (R/W) channel, i.e.
a read/write IC. The read/write IC executes
various types of signal processing, such as an A/D
15 (Analog/Digital) conversion process on a read signal
read from a disk, an encoding process on write data,
and a decoding process on read data, etc. The
read/write IC also executes a servo information
detection (reading) process. In general, the servo
20 information contains various types of data, such as a
servo mark, a servo sector address, a cylinder address
(cylinder code) and burst data, etc. Accordingly, in
the prior art, it is necessary to supply various timing
signals to the read/write IC for servo information
25 detection (reading).
On the other hand, a recent read/write IC, which

is multifunctional owing to the developed IC



*the#prior art, it is necessary to supply various timng signals to the
read/ wite I1C for servo information 25 detection (reading). On the other
hand, a recent read/wite IC, which 1is multifunctional owing to the
developed IC - 3 techniques, can generate all timng signals necessary
for the detection of servo information. This read/wite |IC can generate
the timng signals in synchronismw th asservo gate (a servo gate signal).
5 The nmethod of enabling the detection of the servo information only
utilizing a servo gate is called a synchronous servo nethod. In a hard
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disks with servo information are assenbled into an A, and"this HDA is

mounted 5n a hard drek fetMéd bt eRap0sSshbtRet hatedfion of the servo
servo-information-recorded positions (hereinafter referred to as "servo

posi tions") oniofermaskonmaynbe uphysitayly séspdagete tércabfedeatially or
radiatly, synchronous servo method. 1In a hard disk drive that
uses the synchronous servo method, a servo gate is
generated by a servo controller. The servo controller
10 is generally formed of an ASIC (Application Specific
Integrated Circuit).

As described above, in the pre-servo method, in
which the disks of a plurality of drives are stacked in
the servo track writer, thereby simultaneously writing

15 servo information to the disks, the efficiency of
writing servo information to each disk is enhanced.
However, where a number of required disks with servo
information are assembled into an HDA, and this HDA is
mounted in a hard disk drive, it is possible that

20 servo-information-recorded positions (hereinafter
referred to as "servo positions™) on one disk may be
physically displaced, circumferentially or radially,
from those on another disk.

On the other hand, in a hard disk drive that uses

25 the synchronous servo method, it is necessary to

synchronize the leading edge of each pulse of a servo

gate with each servo position. However, where the



"fronmthose on another disk. On the other hand, in a hard disk drive that
uses 25 the synchronous servo nethod, it is necessary to synchronize the
| eadi ng edge of each pulse of a servo gate with each servo position
However, where the a 4 servo positions on one disk are physically

di spl aced fromthose on another disk as a result of the use of the
pre-servo method, the timng of a servg ggte_ differs froman actual servo
position upon, 5 for exanple, head selection. Thus, where the timng of a
servo gate differs froman actual servo position, the seek tinme required
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timng of a servo gate and 15 hence a reduction of the seek performance.

BRI EF SUMVARY &Ff fisks | BvENTA N dBea Pr £8£06 HO¥ LR bRNuPES, been devel oped in
light of the above, and ains to conpensate for a displacenent of a servo

positionsif itfoecexsmppon, héad exaspteon20 head selection in a disk drive,
thereby mnimzing degradation of the performance of the disk drive upon,
Thus, where the timing of a servo gate differs
from an actual servo position, the seek time required
to move the head to a target track on the basis of
servo information is increased. Furthermore, a servo

10 mark, as servo identification information contained in
the servo information, may not be detected (servo mark
absence), or the servo information may be detected at
an erroneous timing (erroneous servo detection), which
causes an erroneous output timing of a servo gate and

15 hence a reduction of the seek performance.

BRIEF SUMMARY OF THE INVENTION
The present invention has been developed in light
of the above, and aims to compensate for a displacement
of a servo position if it occurs upon, for example,

20 head selection in a disk drive, thereby minimizing
degradation of the performance of the disk drive upon,
for example, head selection.

According to an aspect of the invention, there is
provided a disk drive apparatus comprising: a plurality

25 of disks each including at least one recording surface

on which servo information items each containing

position information are recorded, each servo



"for exanpl e, head selection. According to an aspect of the invention, there
is provided a disk drive apparatus conprising: a plurality 25 of disks
each including at | east one recording surface on which servo infornmation
itens each containing position information are recorded, each servo - 5
information itemcontaining a servo mark used to identify the servo
information item the servo information ktens being recorded at regul ar
intervals on a single circunferential portion of each recording 5 surface
of the disks; and a head provided for each recording surface of the disks
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timng determ ned by

read information from a corresponding disk. The disk
drive apparatus also comprises means for selecting one
of the heads, a servo gate generator, detection means

10 and controlling means. The servo gate generator
generates a series of servo gate pulses indicative of
timings at which the servo information items are read
by a head, selected by the select means, from the
corresponding disk. The detection means starts, in a

15 first mode each time the servo gate generator generates
a servo gate pulse, detection of the servo mark,
contained in the each servo information item, from
information read by the selected head from the
corresponding disk, thereby detecting, from the read

20 information, the position information contained in the
each servo information item, at a timing determined by
a timing at which the servo mark has been detected. 1In
a second mode, the detection means detects the servo
mark and the position information, contained in the

25 each servo information item, from the information read

by the selected head from the corresponding disk, at

respective timings determined by timings at which



‘a timng at which the servo mark has been detected. In a second node, the
detection neans detects the servo nmark and the position information,
contained in the 25 each servo information item fromthe information read
by the selected head fromthe corresponding di sk, at respective timngs
determ ned by timngs at which 6 the servo gate generator generates
respective servo gate pulses. The controlLling nmeans controls, in the

first node, the generation of the servo gate pulses by the servo gate
generator, using a program 5 Additional objects and advantages of the
invention wl], be set forth in the description which follows, and in part

will be obvi ous§ _r%?ﬁ‘f%eg%lté%c??rb?]f%ﬁ?r ofe %%S I%%?%%‘Eltb@e pTEcYq ce of the
i nventi on. Thegéjpé freéh(s) e%‘;\nd 'f’}%jé’aé'én ﬁ?slaflf?‘%’ nr?eérps\/e%%%%]%gs_ﬁ, tfx}e)ntgﬁéal i zed and

10 obtai ned by’Tea he Tnstru es and

particularl y poy ot ed, ot Nerei gefLer; BREF DESCRLETL QL OF JH, SEVERAL

'e accompanyi ng draw ngs, I ch”are 1ncorporated in

and constitLue%ﬁbrggEV@f%égg ééﬁggg%§¥gi&gﬁn'IAL5§O§g5ﬁate enbodi ment s of
t pt
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the principles of the invention.”"FIG 1 is a block diagramillustrating the

20 configuratiwi Dfb@ et dEsh Sk 1 | Mife aGESE £ highi 619 v cle bt svet fd t he
rnventton in part will be obvious from the description, or may
be learned by practice of the invention. The objects
and advantages of the invention may be realized and
10 obtained by means of the instrumentalities and combina-
tions 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, illust-
15 rate 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 illustrating the
20 configuration of a hard disk drive according to an
embodiment of the invention;
FIG. 2A is a view illustrating the concept of
a format used in a disk lla appearing in FIG. 1;
FIG. 2B is a view illustrating the concept of
25 a format used in a disk 11lb appearing in FIG. 1, and
also illustrating a state in which servo areas 110

recorded on the disk 1la shown in FIG. 2A are displaced



'FIG*2A is aviewillustrating the concept of a format used in a disk Ila
appearing in FIG 1; FIG 2Bis a viewillustrating the concept of 25 a
format used in a disk lib appearing in FIG 1, and also illustrating a
state in which servo areas 110 recorded on the disk Ila shown in FIG 2A
are displaced 7 - fromthose recorded on the disk lib; FIG 2Cis a view
showi ng a servo gate; FIG 2D is a view itlustrating the concept of a data
format used in each servo area 110, as conpared 5 to the servo gate shown
in FIG 2C FIG 3 is a block diagramillustrating the configuration of a

servo control IielrO ]tﬁé?eea:récn@rd:@d A:A%h 1;dFsl.}g;St1]§A to 4G are timng charts
n

useful in 10 explaining servo gate control executed in the enbodinent;

FIGS. 5A to 5G aren%i@i ngccpgrgsvyg‘gfé%%&{h%egpé@{g%n 88/ Vo gate cont r ol
| a

executed in the enbodi nent when start Ssi ng occurred; 15 FIG 6

is aflowhart usefptgi pExpsalnyNg,ai PELYCrat MEMFNPLESN-HEOCESS execut ed
by a CPU 24 in the enbodinent; FIGS. 7TA to 7C are views useful in

explaining am addtdnedigatOpesed | DD Ex&c W dd mide EMPod SMeimgre0 an
arithmetic unit 226 to provide the timng of a servo gate;
5 to the servo gate shown in FIG. 2C;

FIG. 3 is a block diagram illustrating the
configuration of a servo controller 21 appearing in
FIG. 1;

FIGS. 4A to 4G are timing charts useful in

10 explaining servo gate control executed in the
embodiment;

FIGS. 5A to 5G are timing charts useful in
explaining servo gate control executed in the
embodiment when start bit missing has occurred;

15 FIG. 6 is a flowchart useful in explaining a servo
interruption process executed by a CPU 24 in the
embodiment;

FIGS. 7A to 7C are views useful in explaining
an arithmetic operation executed in the embodiment by

20 an arithmetic unit 226 to provide the timing of a servo
gate;

FIG. 8 is a flowchart useful in explaining servo
control executed by the CPU 24 in the servo
interruption process in the embodiment;

25 FIG. 9 is a flowchart useful in explaining
a modification of the servo control executed by the

CPU 24 in the servo interruption process in



"FIG#8 is a flowhart useful in explaining servo control executed by the

CPU 24 in the servo interruption process in the enbodi

ment; 25 FIG 9 is a

flomchart useful in explaining a nodification of the servo control executed

by the CPU 24 in the servo interruption process in a -

8 - the enbodi ment;

and FIG 10 is a flowhart useful in explaining another nodification of

the servo control executed by the CPU 24gin the servo

i nterruption process

in the 5 enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON An enbodi ment in

whi ch the invention is applled to a hard disk drive w

reference to e age qpﬂﬂﬁ! q¥amﬁngs. FIG lis ab
illustrating t %%(ﬁ) I'gurati‘on of the hard disk drive
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ock diagram 10
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a nunber (e.qg. di s magneti c di medi u

a and 11b, on

ahi ch Gat & | S Jraal oRldot feaardet s ane ke dortt it ddhted by (1= a,

b) has two (upper and | ower) disk surfaces. | east one (e.g. both) of
the two surfages @fueachfitgle Isérx&erlw&%m;ﬁlr&p%@d&sewﬂm for
recordi ng data. Heads (magnetic heads) 12, which are wused to read/wite
data framto eadodiinsdadli 20 (data reproductlon/recordlng), are provided

for the

DETAILED DESCRIPTION OF THE INVENTION

An embodiment in which the invention is applied to

a hard disk drive will be described with reference to

the accompanying drawings. FIG. 1 is a block diagram

10 illustrating the configuration of the hard disk drive

according to the embodiment of the invention. In the

hard disk drive (HDD) shown in FIG. 1, a number (e.g.

two) of disks (magnetic disk mediums) 1lla

and 1llb, on

which data is magnetically recorded, are stacked.

15 Each disk 11i (i = a, b) has two (upper and lower) disk

surfaces. At least one (e.g. both) of the two surfaces

of each disk 11i serves as a recording surface for

recording data. Heads (magnetic heads) 12, which are

used to read/write data from/to each disk

111

20 (data reproduction/recording), are provided for the

respective recording surfaces of each disk 11i.

Suppose here that servo information is prerecorded by

the pre-servo method on the disks 1lla and 11b.

The number of disks is not limited to two.

It is

25 sufficient if the HDD includes a plurality of stacked

disks.

As shown in FIGS. 2A and 2B, a plurality of servo



1

respective recording surfaces of each disk Ili. Su

information is prerecorded by the pre-servo nethodpggsfhgegssigaalzegxg
11b. The nunber of disks is not limted to two. It is 25 sufficient if the
HDD includes a plurality of stacked disks. As shown in FIGS. 2A and 2B, a
plurality of servo 9 areas 110 are arranged on each recordihg surface of
the disks Ila and IIb at radially and cigrcunferentially regular
intervals. Servo information containing po§ition information is recorded
on each servo 5 area 110. A nunber of concentric tracks 111 are forned on

each recording surface of the disksg Il
provi ded betweenasathOpare a?ra§§F§c8H?e§§ v5e§9e§%H§ Bugzgéfﬁég?F%%zo;s
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of the disk |Ilb i.n.the.
i ShguRhen entiedl rdicieehi eachf sefeodi sks, as is
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A user data area 112 is provided between each pair of
adjacent servo areas 110. A plurality of data sectors
are provided in each data area 112.

10 As described above, the servo information is
recorded on the disks lla and 11lb by the pre-servo
method. Suppose here that the positions of the servo
areas 110, i.e., servo positions, of the disk lla are
physically displaced from those of the disk 11lb in the

15 circumferential direction of the disks, as is shown in
FIGS. 2A and 2B. Further, it is possible that the
radial position of a head 12 on the disk 1lla may be
displaced from that of another head 12 on the disk 1llb.
In other words, the cylinder position of the head on

20 the disk 1la and a position error of the head at the
cylinder position on the disk lla may differ from those
on the other disk 1lb.

As shown in FIG. 2D, each servo area 110 comprises
a preamble area 113, a servo mark area 114, a gray code

25 area 115 and a burst area 116. The preamble area 113

includes an AGC (Automatic Gain Control) area in which

a signal of a predetermined frequency, used to



"cylinder position on the disk Ila may differ fromthose on the other disk
|1 b. As shown in FIG 2D, each servo area 110 conprises a preanble area
113, a servo nark area 114, a gray code 25 area 115 and a burst area 116.
The preanble area 113 includes an AGC (Automatic Gain Control) area in
which a signal of a predeterm ned frequency, used to 10 stabilize the
anplitude of a read signal, is recorded, nd al so i ncl udes an erase
section. In the servo mark area 114, a special mark (servo mark) for
identifying (servo information recorded in) each servo area is 5 recorded.
In this case, the servo rk_is,:l4h" h indicates that,this value is
expressed in t%%gbﬁgkﬁﬁeggﬁnﬁmQ&ﬁﬁﬁﬁgs?ét%ni?a 1P or ab° ot é?éi 115, an
address (servo C i t [ servo, e d a | i nder
address (cyli n%fz(? %gédoe?ﬂqﬁ@?@%ssfégﬁe%{?%e agec(g%%%bond? n% r%% %r"éal%cor ded

in agray code, 4 11e burgle@l£f fdf PULSTo ARl A PRy 1 Ad.0r .rg‘%% e- Si n a

recorded. The burst data is a position error signal used to

wavef orm anpl i {dfevo BnBOShAE O6h SFE QS rddh a1 kY| ddders depot £ by; 4 he cylinder
15 address in the gray code area 115. Thus, the servo infornmation recorded

in each servo geesrddd. cComi atiiss ¢dCe SEENVO $@F Yo HLFNV O Sectoin addr ess,
cylinder address and burst data (the cylinder address and burst data

serve as positilonindfcatesiogt 20iReF£Iué ngs agapressed|in the each disk |1
(t=a hexadecimal number system). In the gray code area 115,

an address (servo sector address) assigned to each
servo area and a cylinder address (cylinder code)

10 assigned to a corresponding track are recorded in
a gray code. In the burst area 116, burst data (PES
information) is recorded. The burst data is a position
error signal used to indicate, in a waveform amplitude,
a position error in a cylinder denoted by the cylinder

15 address in the gray code area 115. Thus, the servo
information recorded in each servo area 110 contains
the servo mark, servo sector address, cylinder address
and burst data (the cylinder address and burst data
serve as position information).

20 Referring again to FIG. 1, each disk 11i (i = a,
b) is rotated at a high speed by a spindle motor
(hereinafter referred to as an "SPM") 13. Each head 12
is attached to a corresponding actuator (head actuator)
14, and can radially move on a corresponding disk 11i

25 in accordance with the rotation of the actuator 14.

As a result, each head 12 is moved to a target track by

seek control and positioned in a target area on



'b) is rotated at a high speed by a spindle notor (hereinafter referred to
as an "SPM') 13. Each head 12 is attached to a correspondi ng act uat or
(head actuator) 14, and can radially nove on a corresponding disk Ili 25
in accordance with the rotation of the actuator 14. As a result, each head
12 is noved to a target track by seek control and positioned in a target
area on - 11 the target track. The actuator _14 includes a voice coi

notor (hereinafter referred to as a "VCM")" 15 as its driving source, and
is driven by the VCM 15. A ranp nechani sm (not shown) is provided outside

the 5 outer peripherie f_ the di.sks lla and b. The.ra nmechani sm

i ncl udes par kiéraﬁ;e a?%%%efot?rar%]f T ag)t}?%gacf '%’%%51 IrL‘f%“?Q%%%%{?%"h%%@ 12
provi ded for the: i ' f i sks, |4 d 11b,
then the ' top T LAIRE Merd SRS ST o) MY S by s
driving curren{y{ SBM & cSUPPLd f [ . The VCM 15
is powered by a dri V\I’%EJE cﬂ ecnf (V&%ré%?’psﬁgm%d\yﬁg rlcj)éri a VCM dri ver

17. In this enbothmp thechd¥ei SIPMndl | Sdwrlf BNhAEM @l d Vit dilgarignd ncl uded

inadriver 1C 15 18 integrated in one chip. CPU 24 determ nes val ues

(controls vari ahltes) pweibliér Ues &5 M tee r@SPEEti Ve akll i Mg CrHd &Rt suppl i ed
fromthe SPMdriver 16 to the SPM 13 and fromthe VCM driver 17 to the VCM

15. One of theecoaiisah MeelwddespaskSuppteds tfot heetSRM 2hdrinereckf via a
DA (Digital/Anal og) converter (DA

the respective heads 12 provided for the respective

recording surfaces of the disks 1lla and 11lb, when the

HDD is shifted to its idle state.

10 The SPM 13 is powered by a driving current (SPM
current) supplied from an SPM driver 16. The VCM 15 is
powered by a driving current (VCM current) supplied
from a VCM driver 17. 1In this embodiment, the SPM
driver 16 and VCM driver 17 are included in a driver IC

15 18 integrated in one chip. A CPU 24 determines values
(control variables) used to determine respective
driving currents supplied from the SPM driver 16 to
the SPM 13 and from the VCM driver 17 to the VCM 15.
One of the control variables is supplied to the SPM

20 driver 16 via a D/A (Digital/Analog) converter (D/A)
18a, and the other to the VCM driver 17 via a D/A
converter 18b.

Each head 12 is connected to a head IC 19. The
head IC 19 is mounted on a flexible printed circuit

25 board (FPC) (not shown). The head IC 19 includes

a read amplifier and a write amplifier. The read

amplifier amplifies a read signal read by a head 12



'18a, *and the other to the VCMdriver 17 via a DDA converter 18b. Each head
12 is connected to a head 1C 19. The head IC 19 is nmounted on a flexible
printed circuit 25 board (FPC) (not shown). The head IC 19 includes a read
anplifier and a wite anplifier. The read anplifier anplifies a read
signal read by a head 12 12 that is selected by the CPU 24. The wite
anplifier converts wite data into a_Mwhkp current. The head IC 19 is
connected to a read/wite IC (hereinafter™ referred to as a "R Wchannel ")
20. 5 The R/'Wchannel 20 executes various signal processes. These signal
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Pead s gnal . i d AL sl Qe 2 far i i RS ocess on”
d data. Th |, 20 0 t | ti t
Contror mode) ORI el eddian 3 ek SRS (b gRd S Vo 0ae
start-up mode g iddnmdda A 2 AR WIS NGl in o gate cont ol
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node). The start-up node 1s used In a case where t

servo-i nf or mat#Ofspasd ti P d e eryval Schlsnr(dereiswfter referred to as "servo
intervals") of a disk are displaced fromthose of another disk. The nornma

nmode is gised in a CEise NMRBIEhdMeEE 20 Ceddcuith S ¥ AELIRNt SidwBervo intervals
bet ween di sks. The R'Wchannel 20 has a function for generating, 20 in the
normal node, iptcdawded ) mMTigesd Wiadrsal processes include an A/D
(Analog/Digital) conversion process executed on a read
signal, an encoding process on write data, and
a decoding process on read data. The R/W channel 20
10 operates in an operation mode (servo gate control mode)
set by the CPU 24. There are two operation modes - a
start-up mode (initial mode) and a normal mode (normal
servo gate control mode). The start-up mode is used in
a case where the servo-information-position intervals
15 (hereinafter referred to as "servo intervals") of
a disk are displaced from those of another disk.
The normal mode is used in a case where there are no
displacements in servo intervals between disks.
The R/W channel 20 has a function for generating,
20 in the normal mode, internal timing signals in
synchronism with the leading edge of each pulse of
a servo gate (a servo gate signal) SG output from
a servo controller 21. The R/W channel 20 has another
function for detecting data included in the servo
25 information, i.e., a servo mark, a gray code and burst
data, in accordance with the internal timing signals.

The R/W channel 20 also has a function for starting, in



synchronismw th the | eadi ng edge of each pulse of a servo gate (a servo
gate signal) SG output froma servo controller 21. The R'Wchannel 20 has
anot her function for detecting data included in the servo 25 infornmation,
i.e., a servo mark, a gray code and burst data, in accordance with the
internal timng 5|gnals The R/ 'Wchannel 20 also has a function for
starting, in 13 the start-up node, the p@ratlon of searching the servo
information to thereby detect the servo nmark, in synchronismwth the

| eadi ng edge of each pul se of a servo gate SG and a functlon for detecting
the gray 5 code an he servo nark poi nt

that is deter sg%ﬁ ﬁé %§é$5f§$et%%eg%§%%?l% S??ﬁ%hb%?th%fs?ﬁ%pservo
mar k, when t he, ifﬁ%ﬁ%€?6§ P@St?€§§%%d§é€&£ d §g?%gr %ecte W channel 20

a functlon for® e€rm nr ng ta quali servo mark

on the basis o;Yﬁg% ﬁygﬁngi¥ﬁh@hgeigg§§ggm§ er tﬁac%T$§C€gtgfquallty of

the servo mark ased o exanpl e ed servo mark

can be conpl ef efyr-o4 é&@ét§@t'§ﬁ£YarP8§Qﬂiéﬁdf§§ &e@@éﬂ V§B£Ke dra
synchronismwith the detection of the servo mark, th hannel %0 has

yet anotder fupsdéosndopurstp@hya nﬂolpdwﬁﬁél@hetééﬁﬁé%arkheaﬁeéV@lme
controller 21 wth servo mark quality information indicative of the

determ ned quapoiyt gt al sodstipphiesd, bynsehé aba@Ds toANShEr de t &€t 561 VO
controller 21 with the gray code
time point of the servo mark, when the servo mark has
been detected.
Moreover, the R/W channel 20 a function for

10 determining the data quality of the detected servo mark
on the basis of the level of the detected servo mark.
The data quality of the servo mark is based on, for
example, whether the detected servo mark can be
completely or substantially recognized as a servo mark.

15 In synchronism with the detection of the servo mark,
the R/W channel 20 has yet another function for
supplying, by serial transfer, the servo controller 21
with servo mark quality information indicative of the
determined quality, and also supplies, by serial

20 transfer, the servo controller 21 with the gray code
and burst data (burst data obtained after A/D
conversion) detected after the servo mark. The servo
mark quality information is formed of 4 bits, the
leading bit being "1". The leading bit "1" is

25 an instruction to start the transfer of the servo
information from the R/W channel 20 to the servo

controller 21. The servo information to be transferred



'and burst data (burst data obtained after A/D conversion) detected after
the servo mark. The servo mark quality information is fornmed of 4 bits,
the leading bit being "1". The leading bit "1" is 25 an instruction to
start the transfer of the servo information fromthe R ' Wchannel 20 to the
servo controller 21. The servo information to be transferred - 14 at this
time is the gray code and burst data that,,follow the servo mark. The servo
controller 21 has a function for determning the start of transfer of the
servo 5 information fromthe leading bit "1" of the servo mark quality

Lo Lon L BRELEL OO, DERVAS annE) 0 LhETGEY. ebod o Lie

4-bit quality Infornatron

servo controlkﬁilg% bas apptBef fynction for outputting 10 a start bit SB
i ndi cative of the reference p05|?|oh of each servo area, if the decoding

result of the qualifye ga&%rr%hgg?g?g#}?&egﬁgh@ rhfigc S/ gggnnel 20 has

correctly detected the servo nar e servo controller 21 has yet

anot her functi@atéenigengr ehengtdbtracser¥ongabe SF PRet herbgsi s of the
result of a tine neasurenent started in synchronismwth the start bit

SB. The servo tafbrahtesn2irahsehbaseadingchionnif o dereods8gvd hea gk ay
code, transferred fromthe RFW channel 20, into an servo sector address
and a cyl i nderq@fl atdr esformatianf tnahsoarfed stomi tiget REW SERNOnSECTE Or
20, thereby decoding the 4-bit quality information,
which begins from the leading bit "1". The servo
controller 21 has another function for outputting
10 a start bit SB indicative of the reference position of
each servo area, if the decoding result of the quality
information indicates that the R/W channel 20 has
correctly detected the servo mark ("14h"). The servo
controller 21 has yet another function for generating
15 a servo gate SG on the basis of the result of a time
measurement started in synchronism with the start
bit SB. The servo controller 21 also has a function
for decoding the gray code, transferred from the R/W
channel 20, into an servo sector address and a cylinder
20 address, and a function for storing the servo sector
address, cylinder address and burst data in a servo
register (SV register) 221 described later.
FIG. 3 is a block diagram showing the servo
controller 21. The servo controller 21 is formed of
25 an ASIC (Application Specific Integrated Circuit) such
as a gate array. The servo controller 21 includes

a start-bit detector (hereinafter referred to as an "SB



‘address, cylinder address and burst data in a servo register (SV register)
221 described later. FIG 3 is a block diagram show ng the servo

controller 21. The servo controller 21 is formed of 25 an ASIC
(Application Specific Integrated Circuit) such as a gate array. The servo
controller 21 includes a start-bit detector (hereinafter referred to as an
"SB 15 detector”) 210. The SB detector 210 detects, by decoding servo
mark quality information transferred fromthe R/ W channel 20, that the RF'W
channel 20 has correctly detected a servo mark ("14h") contained in 5

EiLX"CLPIZL?F \8Beetes pezfgoﬂf&‘pﬁ%tgé dafEofreteatBlerrnabler . the
expression "2 shabhinhl LeRolerheggadotoiad imy e vserte,iagicate e

fact that a servo nar een orrec e servo

controller 21 alsq FH&'N?‘ﬁscﬁaHHéP 260UPLEE &ﬂ rﬁywa&gsﬁnéff prggdsto as an

"MOCNT") 211, @& real-servo-interval register erelna ter erred to as

an "RS| regist@ér}eaazyaaét@cﬁaacar9@r&@tm99k15"§uﬁ@yl&03é§1nébelﬁfhﬁ 211
measures a servo interval on the basis of a start bit SB in synchronism

wWith a glock §kvoThet&Bhat eghst eI f28Rei SBUgEHetBohORUO HEEeEEEVELANL €rval
(real servo interval) neasured by the MCNT 211. The synchroni zation
circuit 213 20thenseatvesmarki hasgbsegnadbrtecthpl debgctbed, r tal osepuds
a start bit SB. Hereinafter, the expression "a start
bit SB has been detected" may be used to indicate the
fact that a servo mark ("14h") has been correctly
10 detected.
The servo controller 21 also includes a main
counter (hereinafter referred to as an "MCNT") 211,
a real-servo-interval register (hereinafter referred
to as an "RSI register") 212 and a synchronization
15 circuit 213. The MCNT 211 measures a servo interval
on the basis of a start bit SB in synchronism with
a clock CLK. The RSI register 212 is used to hold
the servo interval (real servo interval) measured by
the MCNT 211. The synchronization circuit 213
20 generates a timing signal for holding the real servo
interval in the RSI register 212, on the basis of
the start bit SB and clock CLK.
The servo controller 21 further includes a start-
bit-continuity detector (hereinafter referred to as an
25 SBC detector) 214 for detecting that a plurality (e.g.
two) of start bits SB have been continuously detected.

The SBC detector 214 includes a start-bit-absence



'interval in the RSI register 212, on the basis of the start bit SB and
clock CLK. The servo controller 21 further includes a start- bit-continuity
detector (hereinafter referred to as an 25 SBC detector) 214 for detecting
that a plurality (e.g. tw) of start bits SB have been continuously
detected. The SBC detector 214 includes a start-bit-absence 16 detector
(hereinafter referred to an "SBA deteqjor"é 215, a start-bit counter
(hereinafter referred to an "SBCNT") 216, and an OR gate (OR) 217. The SBA
detector 215 detects the absence of a start bit SB from5 the count val ue

f the MCNT 211., Th h ) i whi ch
otart bits s FCERR MhunaireBer cEr Lt FRlI R 4h arvEE FRHETEHND R gat e
217 t put i | i S 171
sionals 218 - Sb8aha EhEECEEE afun by RN thRrrdt e R AR LS T e
flag SUMF.  Thesgbgne) 218, | Rdicahesnt §atet pSrSBM et ephorsga5 has

detected the absence of a start bit SB” The signal 219 1ndicates that the

CPU 24 has insjgeetedrt Des SBEPEC26thk0abbeREei b8 O8PAYabie. sHNerShgnal
220 indicates 15 that the timng of a servo gate cal cul ated by an

arithnmetsc uni th@26oudleseaibedot atiee, MCRT aPDOl Methe JBENBEZVO €OMES| | er 21
further includes a servo register (hereinafter referred to as an "SV

register") 22fheanomidersefestcasiosteon(hetehnsataet beterspdat® 20 an "MS
regi ster") 222, a servo-gate-set register

continuously detected in the startup mode. The OR gate
217 outputs a signal for clearing the SBCNT 216. The
OR gate 217 inputs signals 218 - 220 and a signal

10 indicative of the state of a startup mode flag SUMF.
The signal 218 indicates that the SBM detector 215 has
detected the absence of a start bit SB. The signal 219
indicates that the CPU 24 has instructed the SBCNT 216
to clear its count value. The signal 220 indicates

15 that the timing of a servo gate calculated by an
arithmetic unit 226, described later, is abnormal.

The servo controller 21 further includes a servo

register (hereinafter referred to as an "SV register")
221, a mode select register (hereinafter referred to

20 an "MS register") 222, a servo-gate-set register
(hereinafter referred to an "SGS register") 223,
a servo-gate-reset register (hereinafter referred to
an "SGR register") 224 and a start-bit-counter-clear
register (hereinafter referred to an "SBCNTC

25 register") 225. The SV register 221 is used to hold

a servo sector address, a cylinder address and burst

data. The MS register 222 is used to set a flag



‘(hereinafter referred to an "SGS register") 223, a servo-gate-reset

regi ster (hereinafter referred to an "SGR register") 224 and a
start-bit-counter-clear register (hereinafter referred to an "SBCNTC 25
register"”) 225. The SV register 221 is used to hold a servo sector

address, a cylinder address and burst data. The M5 register 222 is used to
set a flag - 17 (startup node flag) SUMm-for. switching nodes related to
servo gate control executed by the servo controller 21. The nodes sw tched
by the flag SUVW are the aforenentioned startup node (initial node) and a

| 5 de. T, ' [ '
gat oSG whan 1 PO BATE LS H5F S AR Ydagt Uik od 58T D
224 i dt [ f %ﬁ%% t f'%:“ 4
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clear the SBONf&Lfqdensy e 12 h{g@@afr%%egﬁ@pl dhe #ggi ster 225. The

servo controller 21 also includes nmetic unit 226, a servo gate

generator (hesfbrahdefisd@rsedrt @ atodd (SG gRIEMA@S) )ard? 7a aldkerddl an
interrupt generator (hereinafter referred to as an "ECS generator™) 228.

The aritfhnmeti cnodé ! 206 S64 Crié@l ©Ser 0223 hies basés ©of fdwec Mal wetwofn tdre RSI
regi ster 212, a correction value necessary to correct the timng of a servo
gate to that rafsecto galee ch@angeen 2the CRErH hag exavadssddhet!8s gener at or
227 generates
register 223. The SGR register 224 is used to forcibly
turn off a servo gate SG when the CPU 24 has accessed
the register 224. The SBCNTC register 225 is used to
10 forcibly clear the SBCNT 216 when the CPU 24 has
accessed the register 225.
The servo controller 21 also includes the
arithmetic unit 226, a servo gate generator
(hereinafter referred to as an "SG generator") 227 and
15 an interrupt generator (hereinafter referred to as
an "EOS generator") 228. The arithmetic unit 226
calculates, on the basis of the value of the RSI
register 212, a correction value necessary to correct
the timing of a servo gate to that reflecting a change
20 in servo interval. The SG generator 227 generates
a servo gate SG to be supplied to the R/W channel 20.
In this embodiment, the SG generator 227 generates
a servo gate SG on the basis of the arithmetic result
of the arithmetic unit 226 in the normal mode, and
25 generates it in response to an instruction from the

CPU 24 in the startup mode. Accordingly, the SG

generator 227 is configured such that, in the startup



*a servo gate SGto be supplied to the RRWchannel 20. In this enbodi nent,
the SG generator 227 generates a servo gate SG on the basis of the
arithnmetic result of the arithnmetic unit 226 in the normal node, and 25
generates it in response to an instruction fromthe CPU 24 in the startup
node. Accordingly, the SG generator 227 is configured such that, in the
startup 18 node, a servo gate SGis not .t rned on or off by the value of
the MCNT 211. The EGCS generator 228 generates an interrupt signal ECS
(servo interrupt signal) to the CPU 24 in synchronismwith a servo gate

SG The EOCS 5 generator 228 generates a servo interrupt sipgnal EOS in
response to a.@?%ﬁt Bi 1S58 g% c b%h%?%t%?rﬁﬁé et %%ﬂ %I%éea servo
interrupt sig FO8, fle i u t V, e 2 The ECS
gener at or 228nﬁ%§ H%Pnn |ﬂ%@%rsggg'thgﬁeiﬁége%%é%.%ﬁ?%?%%?v%éﬁ?ﬁ ?%pt 10

signal ECS only,i E@ﬁﬂ%‘@esi&lé‘l Shs ¢ Ig?éfY?Bint&eErg% ;é‘%%wx?:??fé”td%?%@ G L

the buffer nenory Is used’'to tenporarily store

transferred f hpst ; usi ) g@nd itten to
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menory 22 is, tor exanple, a RAM (Random Access Menory) as a rewitable

menory. A di skreopdniod|es 4 heteinabierspref B¢ etbs og@se it SHAZY 2Bsd s used
to receive 20 a command (a wite command, a read command, etc.)
generates a servo interrupt signal EOS depending upon
the value of the MCNT 211. The EOS generator 228 may
be modified such that it generates a servo interrupt
10 signal EOS only in response to a start bit SB.
Referring again to FIG. 1, the buffer memory 22 is
used to temporarily store data (write data) transferred
from a host (a host system using the HDD) and to be
written to each disk 11i (i = a, b), and also to
15 temporarily store data (read data) read from each disk
11i and to be transferred to the host. The buffer
memory 22 is, for example, a RAM (Random Access Memory)
as a rewritable memory. A disk controller (hereinafter
referred to as an "HDC") 23 is used to receive
20 a command (a write command, a read command, etc.)
transferred from the host, and has an interface control
function for controlling data transfer between the host
and the HDC 23. The HDC 23 also has a disk control
function for controlling data transfer between each
25 disk 11i and the HDC 23 via the R/W channel 20 and the
head IC 19, and a buffer control function for

controlling the buffer memory 22.



‘transferred fromthe host, and has an interface control function for
controlling data transfer between the host and the HDC 23. The HDC 23 al so
has a di sk control function for controlling data transfer between each 25
disk I'li and the HDC 23 via the RFRWchannel 20 and the head IC 19, and a
buffer control function for <controlling the buffer nmenory 22. 19 The CPU
24 controls the entire HDD in accordance jgM th a control program stored in,
for exanple, an FROM (Flash Read Only Menory) 25 as a rewitable

nonvol atile nenory. In the description below, this control program5 wl|

be referred to as "Ry &5 apecsNepIhe £ADULOLI Gyl Bucdpe CRU 24

i ncludes read/wite control "eXxecuted, uUsIng response to a

read/write cqm@pdafé&mf_cr@mraﬁfﬁw@@tml FOF Iy eg%g Fﬁt&?ﬁd 12 to

a target track, and positioni'ng cont for 10 positioning e 12 in

a target area pmidie Heddednly Mdkor el C25 R85 4 heewertaRtihvakile

positioning control, the CPU 24 acquires a cylinder address and burst data

fromthe SV reagitdey. of It hthsadoscr Dot 60l b&Tow 1. tHhe FRAMEZD prestag es, as
well as 15 the FW paraneter val ues, described |later, necessary to

det er mi re whetvnel'l dse nod f enredtiored d' Fiead ( Piosiwvta o) . Shthe dedret ttsled upon
head sel ection. The CPU 24 is connected to a RAM 26 whi ch provides, for
exanpl e, a wordxereted dry tttee CRYU 24 imsledels of eadwr 20 comitixpir ati on, the
CPU 24 can be configured to contain
executed, using the HDC 23, in response to a read/write
command from the host, seek control for moving each
head 12 to a target track, and positioning control for
10 positioning each head 12 in a target area on the target
track, etc. For the seek control and positioning
control, the CPU 24 acquires a cylinder address
and burst data from the SV register of the servo
controller 21, The FROM 25 prestores, as well as
15 the FW, parameter values, described later, necessary to
determine whether or not an estimated head position
should be used upon head selection. The CPU 24 is
connected to a RAM 26 which provides, for example,
a work area for the CPU 24. Instead of this
20 configuration, the CPU 24 can be configured to contain
the FROM 25 and RAM 26.
The operation of the HDD shown in FIG. 1 will now
be described. First, an outline of the servo gate
control will be described. In this embodiment, servo
25 information is recorded by the pre-servo method on the

two disks 1lla and 1lb installed in the HDD of FIG. 1.

Accordingly, as shown in FIGS. 2A and 2B, it is



the FROM 25 and RAM 26. The operation of the HDD shown in FIG 1 will now
be described. First, an outline of the servo gate control will be
described. In this enbodi nent, servo 25 information is recorded by the
pre-servo nethod on the two disks Ila and IIb installed in the HDD of FIG
1. Accordingly, as shown in FIGS. 2A and 2B, it is 20 possible that the
physical position of each servo area _119q i-e. a physical servo position,
inthe disk Ila may be displaced fromthat of a corresponding servo area
110 in the disk lib. In this case, it is possible 5 that the servo gate

timng of thegf%'sssl&bl | at’ﬁ?bcog;%e %@L@aﬁn%l“&% toti‘a‘tea‘@(h e hedd b. In

light of thi servo gate control executed, on the

assunption that 4 hg geryo 1d:ONS o b idiithh,| lid e B ol apkaced from
t hose on the gi ?O% ﬂ%?%l er to é%rrect the di spl acenent s. aThe servo

controller 21 M'E@'dﬂsﬁ%& E: I ith 20T & .cobar edicRidiime dderd i ning of a
servo gate (a servo gate signal) SG it is necessary to detect the

interval between tme GentiHwQUs WYY calIsahie pesid,i dis,id possibla servo
interval. To this end, the servo controller 21 detects two continuous
servo may ks t aheht aife tdervd njdtialt iseimep dittdresaliskwidreemayt e HDD can be
shifted fromthe startup node to the normal node. In the normal node, the
SG gener at or 22k rafh tdreowse mid 2 chedntabi e Riskadtdrat iGallighfersdr at es a
servo gate SG
this, in the embodiment, servo gate control is
executed, on the assumption that the servo positions on
the disk lla may be displaced from those on the disk
10 11b, in order to correct the displacements. The servo
controller 21 basically executes this control.
To determine the timing of a servo gate (a servo
gate signal) SG, it is necessary to detect the interval
between two continuous physical servo positions, i.e.
15 a servo interval. To this end, the servo controller 21
detects two continuous servo marks to obtain the
initial servo interval, whereby the HDD can be shifted
from the startup mode to the normal mode. In the
normal mode, the SG generator 227 of the servo
20 controller 21 automatically generates a servo gate SG
in accordance with the servo interval measured by the
servo controller 21.
If the conditions necessary to switch the normal
mode to the startup mode are satisfied, the servo
25 controller 21 switches the mode of the HDD to the

startup mode as a result of a process (an FW process)

executed by the CPU 24 in accordance with the FW stored

e



'in accordance with the servo interval neasured by the servo controller 21.
If the conditions necessary to switch the normal nbde to the startup node
are satisfied, the servo 25 controller 21 switches the node of the HDD to
the startup node as a result of a process (an FWprocess) executed by the
CPU 24 in accordance with the FWstored - 21 in the FROM 25. The
conditions for the switchover to the stantup node are satisfied in a case
where the timng of a servo gate is absent, i.e. where the servo gate
timng of one disk differs fromthat of the other 5 disk. Mre

specifically, {#eﬁrggn%%ﬁmo%iéar an%aén%%%igponypp&tmefé’vglsgc%?&%rc cpt rol for

novi ng each head r anrsmto a correspondin isk lii,

upon head sel e%o o?fmq%%%&%%os%ﬁ%f%?dlvﬁ% e&ggé)ndﬁ&esv@ﬁd%h a head of

one disk to a er ere servo-nark tection

errors have Ccoffidfuoysly SO0 I@the BiL - apdedhe SIAT it MDA e 0y PG
generator 227 of the servo controller 21 generates a servo gate SG at the

timng determqege byikieg G cfe disletad feshdesesh pEhON of |dhaayeher gi ven

of the 15 servo gate control executed in the HDD of FIG 1, referring to
the timag chadisk of Nd£S. splfciBiddl bnd Ofe dondiT poits tdwee fdomcd@idd of FI G

6. In the normal node, the R/Wchannel 20 generates internal timng
signal s i n synghsontisen fid tdt tdeek eashtgpl 2o edyev oig esadh fhesd If a servo
gate SG that is
from the ramp mechanism to a corresponding disk 11i,
upon head selection, in particular, upon head selection
to switch a head of one disk to a head of the other
10 disk, or where servo-mark detection errors have
continuously occurred, etc. In the startup mode, the
SG generator 227 of the servo controller 21 generates
a servo gate SG at the timing determined by the CPU 24.
A detailed description will now be given of the
15 servo gate control executed in the HDD of FIG. 1,
referring to the timing charts of FIGS. 4A to 4G and 5A
to 5G and the flowchart of FIG. 6.
In the normal mode, the R/W channel 20 generates
internal timing signals in synchronism with the leading
20 edge of each pulse of a servo gate SG that is
automatically generated by the SG generator 227 of the
servo controller 21. In synchronism with the internal
timing signals, the R/W channel 20 detects each data
item contained in the servo information, i.e. a servo
25 mark, a gray code and burst data, from read data read

by a selected head 12 and amplified by the head IC 19.

Thus, in the normal mode, the R/W channel 20 detects



‘automatically generated by the SG generator 227 of the

servo controller

21. In synchronismwth the internal timng signals, the RRWchannel 20

detects each data itemcontained in the servo i nformati

on, i.e. a servo 25

mark, a gray code and burst data, fromread data read by a selected head

12 and amplified by the head 1C 19. Thus, in the nornal

node, the RI'W

channel 20 detects 22 each data itemi he. servo information, using the

synchronous servo nethod. On the other hand, in the star

tup node (initial

node), the R'Wchannel 20 starts a search operation, 5 described bel ow, at

a tiMe PO Nt ol i el pachepulpe ol o 58T 0 98LS S 9sneral e py the SG

generator 227 K i'nmng determned ri

ses’ n- ot her

words, the R/ %Qgﬁl i read data read by the selected head
12 and anplifxégb y %ggeag i%fﬁ%?%ég{thereby starting a search operation

for detecting a S%Mot%rgtlfaéP”MH&,rﬁ%‘dtﬁété‘tafﬁtéﬁﬁg?&_v\(ﬁk@@fﬁ 20 has

detected a servo mark wwthin a predeterm ned perio

at the timng gledey M ed Dywtdande N g Sfatthe SesoDrdmr
code and 15 burst data which follow the servo mark. The

time, It detects,

&efecdion, a gray
W channel 20
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the detection level. After that, the RRWchannel 20 supplies, to the
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i nformation
the timing determined by the CPU 24 rises.

In other

words, the R/W channel 20 monitors the read data read

by the selected head 12 and amplified by the head IC

10 19, thereby starting a search operation for detecting

a servo mark from the read data. If the R/W channel 20

has detected a servo mark within a predetermined period

of time, it detects, at the timing determined by the

timing of the servo mark detection, a gray

15 burst data which follow the servo mark.

code and

The R/W channel 20 determines the data quality of

the detected servo mark in accordance with

the

detection level. After that, the R/W channel 20

supplies, to the servo controller 21 by serial

20 transfer, 4-bit servo-mark-quality information

indicative of the determined quality. The

leading bit

(first bit) of the 4-bit servo-mark-quality information

is "1" and indicates a start bit SB. The second bit of

the servo-mark-quality information indicates, if it is

25 "1", that a servo mark has been detected,

and

indicates, if it is "0", that no servo mark has been

detected. The third bit of the servo-mark-quality



rindi cative of the determned quality. The leading bit (first bit) of the
4-bit servo-mark-quality information is "1" and indicates a start bit SB.
The second bit of the servo-mark-quality information indicates, if it is
25 "1", that a servo mark has been detected, and indicates, if it is "0",
that no servo mark has been detected. The third bit of the
servo-mark-quality 23 information |nd|c%£Fs the quality of the detected
servo mark. Specifically, if the third bit is "0", the servo mark is of a
high quality (e.g. it contains a 1-bit error or no error), while if it is
"1", the servo,

orror) S nce St i ot i tee “@@?V%U%ﬁﬁr‘%q%ﬁﬁ’”té‘%ﬂ?s%%fiﬁb%%vcf e
Furt her - vhen THEC R WESaERer Lo st s cBrere TR oidy Sote P BLRst data
10 followng t ﬁe{é/ fraegkhl# &ly#ﬁ“;s(égf df%e&gﬁ,ga a, {9,i{pe servo

controller 21 serla trans bur ails owever, transferred

after it is Sé'Pi@Et@P 19 &YLLEPNVEE 510N £ The §sB dei ectigr 240, 9Tnd e servo

controller 21 15 decodes 4-bit servo-mark-quality i nf or mation t hat begi ns

fromlogc "1"jangfis P&ﬁ\tc?\hélﬁﬂty n(éhe. dat acsupPineda Dypseréalmdransfer,
fromthe R W channel f the decoded quality information is of a

predeterm ned drbbt) val Sitnce. the "1d0dth bHhe SB 20 deteed-afia 2H-Oqwkel £y nes
that the quality information

information is irrelevant to the present invention, no
description is given thereof. Further, when the R/W
channel 20 has detected the gray code and burst data

10 following the servo mark, it supplies the detected data
to the servo controller 21 by serial transfer. The
burst data is, however, transferred after it is
subjected to A/D conversion.

The SB detector 210 of the servo controller 21

15 decodes 4-bit servo-mark-quality information that
begins from logic "1" and is contained in the
data supplied, by serial transfer, from the R/W
channel 20. If the decoded quality information is of
a predetermined 4-bit value, e.g. "1101", the SB

20 detector 210 determines that the quality information
indicates a high quality, and that the R/W channel 20
has correctly detected the servo mark. Each time the
SB detector 210 detects that the servo-mark-quality
information is "1101", it outputs a start bit SB.

25 This configuration may be modified such that the SB
detector 210 outputs a start bit SB if the quality

information is "110x" or "llxx" (x is "O0" or "1").



‘indi cates a high quality, and that the RFWchannel 20 has correctly
detected the servo mark. Each tine the SB detector 210 detects that the

servo-mark-quality information is "1101", it outputs a start bit SB. 25
This configuration may be nodified such that the SB detector 210 outputs a
start bit SBif the quality information is "110x" or "lIxx" (x is "0" or

"1"). - 24 The MCNT 211 of the servo,pcn%d(ﬂj er 21 executes a counting
operation in synchronismwith the internal’ clock CLK. The MCNT 211 stops
the counting operation wupon receiving a start bit SB fromthe SB detector

Cogi ster. 2:12‘ 2 m& e oohbrr o Cust o CHERO b Bt CFERTERY 200
More specific

f
cl ock CLK has een it p%tcgb]a%aﬁl Hgl%ﬁ?%ﬁ%ﬁpfgjf%\ggg% artt}gl%éi%l%l"L@ ?r o?nthe
SB detector 210 o dpeceNT #ld MéN'fe?fi ﬁ&ﬂ@&@@@hﬁﬁ&%%é@&ﬂ%t pul se

of the clock CLK, and then the MCNT 211 resunes Its counting operation in

synchroni sm wi §foh hee €& Dekn&ELK sASERTEL A0S, ride FIR sEegbsdéefor121hol ds
t he count val ue of the 211, 15 which is assuned between two start bits

SB, i.e.5 an agtughly ttasureide sesvot i vablivyadt die MEBrgeneragor 228 of the
servo controller 21 outputs a servo interrupt signal EOCS to the CPU 24 as
| ong as the R Vdtdlaodeby 26heoR$ECctéyisieérc2B2 aatsetive t0imardendaatedul se
of the signal ECS is output
by the synchronigation circuit 213. More specifically,
the count value is latched when the next pulse of a
clock CLK has been output after the output of the start
10 bit SB from the SB detector 210. The MCNT 211 is reset
in synchronism with the next pulse of the clock CLK,
and then the MCNT 211 resumes its counting operation in
synchronism with the clock CLK. Accordingly, the RSI
register 212 holds the count value of the MCNT 211,
15 which is assumed between two start bits SB, i.e.
an actually measured servo interval.
The EOS generator 228 of the servo controller 21
outputs a servo interrupt signal EOS to the CPU 24 as
long as the R/W channel 20 correctly detects a servo
20 mark. Each pulse of the signal EOS is output
a predetermined period of time after the time point at
which a start bit SB is output from the SB detector 210
in accordance with the detection of a servo mark.
In accordance with the servo interrupt signal EOS from
25 the EOS generator 228, the CPU 24 executes the servo

interrupt process (FW process) according to the

flowchart of FIG. 6, in the following manner.



‘a predetermined period of tine after the tine point at which a start bit
SBis output fromthe SB detector 210 in accordance with the detection of

a servo mark. In accordance with the servo interrupt signal ECS from 25

t he ECS generator 228, the CPU 24 executes the servo interrupt process (FW
process) according to the flowhart of FIG 6, in the follow ng manner. 25
First, the CPU 24 deternines whether the gperation node of the servo
controller 21 (and the RFRWchannel 20) is the startup node or the nornmal
node (step S1). If it is the normal node, the CPU 24 determ nes whether 5

or not the conditio $ ggggg§$d?hetawﬁ&8ﬁ%%§§ngge&§%#8§rSgggg?ﬁgﬁgp ostartup

node are satisfied (Step iIs & iment, ich the

out put_ti M gy 0 AN Ul S8 00 BoRELYPIBALS: | PaARSENL 1 AFCU Sune] OF

exanpl e, upon the first seek operation, upon selection, or when

servo mark detgefi on €hEOLEaPRYS mSQALLPULHS! o ARSI EFe [HEeGORM Li Ons
required to swtch the operation node to the startup nbde are supposed to

be satisfied. ¥entthe €R80hd+RAS Rb&e sathsftrd, 24 e €8 2de SOhSe tHex AN
effective (indicated by logic "1" in this enbodinment) startup node fl ag

SUMF in $he Moregbsteie 22RADELIONE BeguDrednts oshetcR lthdSoper£sidh, the
servo controller 21 is set in the startup node (step S3). Further, unless
the count val usodé¢ thetlsBChHatdp aho@€ she SBC sifiedt 6st&ids2eaches "2,
the CPU 24 determ nes
In this embodiment, if a state, in which the output
timing of each pulse of a servo gate is absent, occurs,
for example, upon the first seek operation, upon head
10 selection, or when servo mark detection errors have
continuously occurred, the conditions required to
switch the operation mode to the startup mode are
supposed to be satisfied.
When the conditions are satisfied, the CPU 24 sets
15 an effective (indicated by logic "1" in this
embodiment) startup mode flag SUMF in the MS register
222 of the servo controller 21. As a result, the servo
controller 21 is set in the startup mode (step S3).
Further, unless the count value of the SBCNT 216 of
20 the SBC detector 214 reaches "2", the CPU 24 determines
that the output timing of each pulse of a servo gate SG
does not correspond to a corresponding actual servo
area 110 on each disk 11i, i.e. a corresponding
physical servo position. 1In this case, the CPU 24 also
25 sets the R/W channel in the startup mode (initial mode)

(step S4). As a result, the R/W channel 20 executes

the operation of searching servo information to detect



‘that -the output timng of each pulse of a servo gate SG does not
correspond to a correspondi ng actual servo area 110 on each disk Ili, i.e.
a correspondi ng physical servo position. In this case, the CPU 24 also 25
sets the RRWchannel in the startup node (initial node) (step S4). As a
result, the RWchannel 20 executes the operation of searching servo
information to detect 26 a servo mark. step S4 may be executed before
the step S3. After the steps S3 and S4, the CPU 24 turns on the servo
gate SG when a second predetermned tine period 5 has el apsed after the

rise of the Ie déggvgq?% 19f eﬁ?@ %g@%?f SEr Y. éﬁeérg@#cns%g%?%éos

(step SH). urn on e servo ga is” SUTTTerent
regi ster 223 iScagcessed to control the SG generator 227. After the
turn-on of the servo gate GS, 10 the R'Wchannel 20 detects servo

information in thepstart e "BEEHs T8 BAYV §hanpel @@US?QU%M@' &Y the
supplies, by serial transfer, the servo controller 21 "wifh servo nark

qual ity inforngdied, gatdry Woske Ange coid Shr 6kd Be kiPESed nf Qidedd 919 q det ect ed
by the servo 15 information detection. A decoder (not shown) = incorporated

in the servo ogdd reldgsedlatiesondese these b Aytit®dead innsddys asif fefuh t he RF'W
channel 20, into a servo sector address and a cylinder address. The servo
sect or addresspulydinfles sehtvestnedinpt s¢igdl dBOR tseehed®) in the SV
regi ster 221. On the basis of
To turn on the servo gate SG, it is sufficient if
the SGS register 223 is accessed to control the SG
generator 227. After the turn-on of the servo gate GS,
10 the R/W channel 20 detects servo information in
the startup mode. The R/W channel 20 sequentially
supplies, by serial transfer, the servo controller 21
with servo mark quality information, a gray code and
burst data (PES information) detected by the servo
15 information detection. A decoder (not shown)
incorporated in the servo controller 21 decodes the
gray code, transferred from the R/W channel 20, into
a servo sector address and a cylinder address.
The servo sector address, cylinder address and burst
20 data are held in the SV register 221. On the basis of
the cylinder address and burst data held in the SV
register 221, the CPU 24 executes positioning control
for positioning the head 12 in a target area on
a target track. This positioning control will be
25 described later in detail.
After the startup mode flag SUMF of logic "1 is

set in the MS register 222, the servo controller 21 is



'the cylinder address and burst data held in the SV register 221, the CPU
24 executes positioning control for positioning the head 12 in a target
area on a target track. This positioning control will be 25 described

|l ater in detail. After the startup node flag SUW of logic "I is set in
the MS register 222, the servo controller 21 is 27 switched to the startup
node, whereby a state signal indicative the state of the SUMF is input
to the clear termnal CLR of the SBCNT 216 via the OR gate 217. As a
result, the SBCNT 216 is cleared, 5 thereby resetting its count value to

cach t1me ¢ he S5 GG EY g e e WSAE et RS IR oY
val ue of the Sﬁ@{{% ep(fpfofnh?hesagtag@tgftgge @%ﬂaeﬁchﬁ%%@"mthe Servo

controller 21 Ts e startup node. en the "'SB detector 210 has

detected a staffe bifeSB t&hieastert ups Modle. siher BOS @enerat i 228 out puts
a servo interrupt signal ECSto the CPU 24. The CPU 24, in turn, executes

the servo int@itaiptlplocessa (FMPIOLesiss SBOOr g 19 dhearddyf| owchart of
FIG 6, in the followng manner. First, in light of the fact that the

operati d nodehefehpersesvoit®nttol d@inRlv{ e tdhe' ¥ W clteswred fre)) is the
startup node (step Si), the CPU 24 turns off the servo gate SG when, for
exanpl e, a firgte 260 pnieded buer obdthe nEBENT | 246 (1heidcreatepredidsyerin ned tinme
each time the SB detector 210 detects a start bit SB.
Unless the count value of the SBCNT 216 of the SBC
detector 214 reaches "2", the servo controller 21 is
10 kept in the startup mode. When the SB detector 210 has
detected a start bit SB in the startup mode, the EOS
generator 228 outputs a servo interrupt signal EOS to
the CPU 24. The CPU 24, in turn, executes the servo
interrupt process (FW process) according to the
15 flowchart of FIG. 6, in the following manner.
First, in light of the fact that the operation
mode of the servo controller 21 (and the R/W channel
20) is the startup mode (step S1), the CPU 24 turns off
the servo gate SG when, for example, a first
20 predetermined time period (the first predetermined time
period < the second predetermined time period) has
elapsed after the output of the servo interrupt signal
EOS (step S6). To turn off the servo gate SG, it is
sufficient if the SGR register 224 is accessed, to
25 thereby control the SG generator 227. After that,
the CPU 24 accesses the SGS register 223 when the

second predetermined time period has elapsed after



‘period < the second predeterm ned tine period) has elapsed after the

out put of the servo interrupt signal EOCS (step S6). To turn off the servo
gate SG it is sufficient if the SGR register 224 is accessed, to 25

t hereby control the SG generator 227. After that, the CPU 24 accesses the
SGS register 223 when the second predetermned tinme period has el apsed
after - 28 the output of the servo interggipt. signal EGCS, thereby causing
the SG generator 227 to turn on the servo gate SG (step S5). On the basis
of servo information detected by the RFRWchannel 20 while the servo gate

SG 5 is in the N &Eg;ﬁﬁt dPe kP 2dy EXBLLL £5y @r%ﬁ%&é’i‘tié’é, {94 HG51 L1 oni ng

the head 12 in a target area on a target track. n the count value of the

SBCNT 216 has beedingWMh&Ehsed dé0dtatdor 927 2t0 tufn INEHSIMLvDi s SB 10
corresponding to two pul ses of the servo gate SG have been continuously

detected, the 36 (£8é5t$5) 2220 Sthé e58E1is AST aséepdll infdRRasi@it up node flag
SUMF held in the register 222 is switched to "0". At this tine, the

operati on nodej@fedted siey vEheORIW oth&fin@l 26 Wibi belt e@t s€abd ygse taded from
the startup node to the normal node. The CPU 24 reads, by the FW process,

the staftup nbsleilf| age SIVFstetd, | the hePTVR2 4 egkstete222e reamdecontet@rt s t hat
t he operation node of the servo controller 21 has been switched to the
normal node. |forhpesthsenin@Othdech€rll) 22 sni 2 chasgeheaopErat i on node of
the RR' W
a target track.
When the count value of the SBCNT 216 has been
switched from "1" to "2", i.e. when start bits SB
10 corresponding to two pulses of the servo gate SG have
been continuously detected, the MS register 222 is
reset. As a result, the startup mode flag SUMF held in
the register 222 is switched to "0". At this time,
the operation mode of the servo controller 21 is
15 automatically switched from the startup mode to the
normal mode. The CPU 24 reads, by the FW process, the
startup mode flag SUMF held in the MS register 222, and
detects that the operation mode of the servo controller
21 has been switched to the normal mode. In this case,
20 the CPU 24 switches the operation mode of the R/W
channel 20 from the startup mode (initial mode) to the
normal mode.
After the count value of the SBCNT 216 reaches "2"
and the operation mode of the servo controller 21 is
25 switched to the normal mode, the counting operation of

the SBCNT 216 is disabled. As a result, the count

value of the SBCNT 216 is kept at "2" even if the SB



‘channel 20 fromthe startup node (initial node) to the normal node. After
the count value of the SBCNT 216 reaches "2" and the operation node of the
servo controller 21 is 25 switched to the nornmal node, the counting
operation of the SBCNT 216 is disabled. As a result, the count val ue of
the SBCNT 216 is kept at "2" even if the SB 29 _ detector 210 detects a
start bit SB. The configuration may he nugdified such that the CPU 24
accesses the SBCNTC register 225 to cause an effective signal 219 wth
logic "1" to be output fromthe CR gate 217 to the 5 clear termnal of the

SBCNT 216, th h
servo gate SGeﬁE%Pél/%%rfﬁiéi%%ié%E? un etgrlﬁe con%é?gl Sf}?é tﬁ&x%ﬁﬁﬁ"ﬂh{ .
possi bl e that xﬁ{g E%\%&é‘ﬁf‘f@é Q0 tha ot pdet et 40 G S8 tRE k. In th' S

case, the RR'W nnel transfers, to the servo controller 21, servo nmark

qual ity infornggderc h@é@ﬂﬂtéi 2380t hide o @t ive Is%;n@.erm mar k
information indicating that no servo mark was detected on receiving the

servo mark 15 wiieh i togiaformats ave ety f1fSm SEEOMOR bjét§ell"ﬁtto" Othe from
the RFWchannel 20, the BS detector 210 of the servo controller 21 does
not execiute theleat ptérvinal séfrthdi SBOET habed dretdiey faYesdring tdfe t he
quality information. A start bit SB51, indicated by the broken 20 line in
FIG 5B, expresBeNTthl&. state. The broken |ine
In the startup mode, while the servo gate SG is in
the ON state under the control of the CPU 24, it is
possible that the R/W channel 20 will not detect
10 a servo mark. In this case, the R/W channel 20
transfers, to the servo controller 21, servo mark
quality information having its second bit set at "O0",
i.e. servo mark information indicating that no servo
mark was detected. Upon receiving the servo mark
15 quality information, having its second bit set at "0O",
from the R/W channel 20, the BS detector 210 of the
servo controller 21 does not execute the output of
a start bit SB based on the first bit of the quality
information. A start bit SB51, indicated by the broken
20 line in FIG. 5B, expresses this state. The broken line
indicates that no start bit SB has been output and
hence detected.
If the SB detector 210 has not detected any start
bit SB, i.e. if the detection of a servo mark has
25 failed, the MCNT 211 continues counting until the count

value reaches a predetermined upper limit. The SBM

detector 215 compares the count value of the MCNT 211



indicates that no start bit SB has been output and hence detected. If
SB detector 210 has not detected any start bit SB, i.e. if the detection
of a servo mark has 25 failed, the MCNT 211 continues counting until
count value reaches a predeterm ned upper limt. The SBM detector 215
conpares the count value of the MCNT 211 30 wth a reference val ue.
count value of the MCNT 211 is higher-thgn the reference value, the

detector 215 determ nes that the absence of a start bit

t he
t he

If the
SBM

has occurred. The

reference value corresponds to 5 a tinme period which is enough to detect a

servo nark. I

reference val ue, the SBM detector 215 outputs a signha

frithes coupL rygtae,9f 4 he f@mghgléoﬁﬁth§?f§§ & Padh e eyt

8 wthlogic "1"

that indicatesyiheisdeigréiommah the AbsepeRcOfvalstartnbigpmThe signal 10
218 is input to the clear termnal CLR of the SBCNT 216 via the OR gate

217. As a resuli¢tetber SBONTd@E6rnsnes! epaedrpadabisn€OUNE Yabtgrt Spigeset to

"0". In other
detected, the
configuration,
of startdhits
generator 228

words, when the absence of a start bit SB has been
ISBENFc2dfred. r eBleé tofétencByvalué ueodtedbohdis Sto

the SBCNT 216 of the SBC detector 214 can count the nunber

SBt toatpevbod| whidet Est esough thedetbodi aeskrvdod hea BOS
generates and outputs a pseudo servo interrupt signal

if the count vhkfuehefcewet Moallue1af elkleeddeNT 211 is higher than

10

15

20

25

the reference value, the SBM detector 215 outputs
a signal 218 with logic "1" that indicates the
detection of the absence of a start bit. The signal
218 is input to the clear terminal CLR of the SBCNT 216
via the OR gate 217. BAs a result, the SBCNT 216 is
cleared and its count value is reset to "0". 1In other
words, when the absence of a start bit SB has been
detected, the SBCNT 216 is reset to "O". By virtue of
this configuration, the SBCNT 216 of the SBC detector
214 can count the number of start bits SB continuously
detected.

In the embodiment, the EOS generator 228 generates
and outputs a pseudo servo interrupt signal EOS
if the count value of the MCNT 211 exceeds
a predetermined value. Therefore, the CPU 24 can
execute the FW process, as shown in the timing charts
of FIGS. 5A to 5G, also when the absence of a start bit
has occurred.

The arithmetic unit 226 calculates a correction
value necessary to provide servo gate timing that

reflects changes in the servo interval, and calculates

ECS 20



‘a predeterm ned value. Therefore, the CPU 24 can execute the FW process,
as shown in the timng charts of FIGS. 5A to 5G also when the absence of
a start bit has occurred. 25 The arithnetic unit 226 calculates a
correction value necessary to provide servo gate timng that reflects
changes in the servo interval, and calculates 31 the servo gate timng
using the correction value. The arithmet{c unit 226 executes these
calculations irrespective of the operation node of the servo controller
21. However, only in the normal node, the 5 calculation result is actually

used to generafg, as ﬁ%’o%agﬁg ix?ﬁug'&‘ lxﬁ‘faﬁﬁé‘rwi’r f"?nt@& Lithmetic unit

226 determ neS whether or s”calcu ion reésu s valid. If the

calculation r t i t4 i LS. Laval i ithnetic
unit 226 outpS?Eél%Pgtéﬁg%a %Qggm%%% %%%%%@%%"#ﬁ%%g g%%ﬁ%}égg%@§s i nput

to the clear terpeagbcEliobs tAke SHAFa216n vihaak hes OPhe 08Av217. As a

result, the SBCNT 216 is cleared, and its count value is reset to "0". The

correction val gentealtetated byowdeeny i sATPLiE tiétn@dha MByode, deter i ned
15 to be valid only when the count value of the SBCNT 216 reaches "2". If

the corrgcti oncybtutatsonnvasully 1 astuslLificsedttoegehyratfe tdheseouwmt
val ue of the SBCNT 216 is decrenented by 1, i.e. nerely if it is set to
"I ". As descridpateabdve, Innthéeseabod neoade, t biee sé ai thpet 20 wmile Z26 r st
node) is set when it is possible, upon,
determines whether or not its calculation result is
valid. If the calculation result of the arithmetic
unit 226 is invalid, the arithmetic unit 226 outputs
10 a signal 220 with logic "1". The signal 220 is input
to the clear terminal CLR of the SBCNT 216 via the OR
gate 217. As a result, the SBCNT 216 is cleared, and
its count value is reset to "0". The correction value
calculated by the arithmetic unit 226 may be determined
15 to be valid only when the count value of the SBCNT 216
reaches "2". 1If the correction value is invalid, it is
sufficient merely if the count value of the SBCNT 216
is decremented by 1, i.e. merely if it is set to "1".
As described above, in the embodiment, the startup
20 mode (first mode) is set when it is possible, upon,
for example, head selection, that the timing of a servo
gate may vary. In the startup mode, the R/W channel 20
monitors read information, and starts the operation of
detecting a servo mark from the read information when
25 a servo gate has been turned on. After detecting the

servo mark, the R/W channel 20 executes the operation

of detecting the next position information (a cylinder



*for exanple, head selection, that the timng of a servo gate may vary. In
the startup node, the R'Wchannel 20 nonitors read information, and starts
the operation of detecting a servo mark fromthe read informati on when 25
a servo gate has been turned on. After detecting the servo mark, the RRW
channel 20 executes the operation of detecting the next position
information (a cylinder - 32 address_angsburst data) fromread information
at the timng determ ned by the servo mark detection timng. In other
wor ds, the channel 20 executes the operation of detecting a servo nmark and

Rosition | nf ORI Sl a@ta%p SR AN eAlh MRt hed I f the

SBC detector urality of servo marks have been

conti nuous! y qetAHENdHE AhS e Ay Whd Mo mdftk idetldt® RN G@kAWI ty of

servo positions Is overcone, the operation node is switched to the norma

10 node (secong, RIDr Wdtdd)e th Maride 2d hxRfule L harnelpedditexacut es the
operation of detecting a servo nmark and position information, using the

synchronous s \Hetwitioy Asexrvesidrk drd tgus ianteodiimefiiirmapiem i f - the
physi cal servo position (in particular, the 15 circunferential position on
a di sk) svari ewitpmnyt fusringe xdnplsyndieachaed etiven mesihoid .a VAT itdtd @BCcan be
conpensated for. Accordingly, in the enbodinent, the degradation of the
per f or mance ofdettesctddD Zlah detadtd ribedd aupolr ot yerafhpi e vahéwad kel ect i on.

20 Referring then to FIGS. 7A to 7C, a description
have been continuously detected in the startup mode,

i.e. if the non-continuity of servo positions is
overcome, the operation mode is switched to the normal

10 mode (second mode). In the normal mode, the R/W
channel 20 executes the operation of detecting a servo
mark and position information, using the synchronous
servo method. As a result, in the embodiment, even if
the physical servo position (in particular, the

15 circumferential position on a disk) varies upon, for
example, head selection, such a variation can be
compensated for. Accordingly, in the embodiment,
the degradation of the performance of the HDD can be
minimized upon, for example, head selection.

20 Referring then to FIGS. 7A to 7C, a description
will be given of a calculation of servo gate timing by
the arithmetic unit 226, using, as an example, a seek
operation for moving the head 12 to a target track on
a corresponding disk 11i. During the seek operation,

25 the arithmetic unit 226 executes three types of
calculations for calculating timings SGSTS, SGCLRS and

SGSTS2, which serve as calculations for correcting



‘W || 'be given of a calculation of servo gate timng by

the arithnetic unit

226, using, as an exanple, a seek operation for noving the head 12 to a
target track on a corresponding disk Ili. During the seek operation, 25
the arithnmetic unit 226 executes three types of cal culations for
calculating timngs SGSTS, SGCLRS and SGSTS2, which serve as cal cul ations
for correcting 33 variations in the servgsinterval. The timng SGSTS

indicates a timng, at which the next pulse of a servo

gate is output (the

servo gate is turned on), with reference to the position of a start bit

SB. 5 The ti”‘?%5§§¥} sigﬂiEﬁée§er6;£%ﬁ8r§%ih rehEr eNg

e absence o

start bit SB, m ng beéei ng uséd,

fngo%?%?g pr ecedi ng

bit has

oceurred, for ihintRfesOll ciRengerye Gaten (HE AEFLNGUPEETSR LndLegbes a

timng used, en the absence of a start

occurred, for again

turning on the?§€év95géﬁﬁpﬁBaRtMﬁsseFUBn@Qthisaﬁu£H§dtbﬁjP9w§@§LRS- SGST

represents a s

andard timng with reference to a start bit SB, at which a

servo gate is tdfeLEnes, tvhthe SEELRI6RPHESENEBard Biangsrd tinmng with
reference to a start bit SB, at 15 which a servo gate is turned off.

Fur t her,5SM TVrhept e8enySSGOLRAt Enddtabes weetihig cwhthNHeBSr&8Ey Oto ar eas
110, i.e. one servo interval. SMTVS represents the theoretical count

val ue of the MhE2pteasdingdstautibit oBR, seheotimiegviaéinghiused SMiH&MM
represents the 20 actual count value of the MCNT211 assumed during one

the absence of a start bit has occurred,

for turning

off the servo gate. The timing SGSTS2 indicates

a timing used, when the absence of a start bit has

10 occurred, for again turning on the servo gate that was

turned off at the timing SGCLRS. SGST represents

a standard timing with reference to a start bit SB, at

which a servo gate is turned on, while SGCLR represents

a standard timing with reference to a start bit SB, at

15 which a servo gate is turned off. Further, SMITV

represents an interval between two continuous servo

areas 110, i.e. one servo interval. SMITVS represents

the theoretical count value of the MCNT211l assumed

during one servo interval, while SMITVM represents the

20 actual count value of the MCNT211l assumed during one

servo interval, i.e. the value of the RSI register 212.

SGST, SGCLR, SMITV and SMITVS represent fixed values.

In this case, the arithmetic unit 226 calculates

DELTAT, that is, a deviation from the theoretical count

25 value of the MCNT 211 during one servo interval, using

the following equation:

DELTAT = SMITVM - SMITVS

(1)



‘serve interval, i.e. the value of the RSl register 212. SGST, SCGCLR, SM TV
and SM TVS represent fixed values. In this case, the arithnetic unit 226
cal cul ates DELTAT, that is, a deviation fromthe theoretical count 25
val ue of the MCNT 211 during one servo interval, using the follow ng
equation: DELTAT = SMTVM - SMTVS (1) 34 Using DELTAT, the arithnetic
unit 226 calculates the timngs SGSTS, RS and SGSTS2, using the
foll owi ng equations: SGSTS = SGST + DELTAT (2) 5 SGCLRS = SGCLR + SM TWM -
SMTVS + SMTV SGCLR + DELTAT + SMTV (3) SGSTS2 = SGST + (SM TWM -
SMTVS) *2 + SMTV _SGST + AT*2 + SM TV (4) _\Wen start bit SB has
been detected for tH& 18 PFEE#¥ti euﬁBQQPﬂ8£é%thé§i5g6o?aiﬁ89?%ff a
calculation is e S Lhg TVM = Q. cription_wll now be
gi ven of an ouFﬁ%ngH%fgggegé%Tgbngg% Q%i%%%t%ésﬁ%%h %ggﬁgsg eéction in the
HDD of FIG 1g,{F {ﬁélg u%giégﬁ:servo control, 15 a position, at which
servo information that na% e obtained in the next occasion is recorded,
is estimated from gggentLokgwariapkgrhased on continuous sernyg
information. In the conventional nmethod in which servo information is
witten $o a di sk bycerLRead sacorpersMedvid0-i pManveDA, seimechani cal
position error in the heads,

= SGCLR + DELTAT + SMITV (3)

SGSTS2

SGST + (SMITVM - SMITVS) 32 + SMITV

SGST + DELTAT®*k2 + SMITV (4)

When a start bit SB has been detected for the

10 first time upon the activation of the HDD,

a calculation is executed, setting SMITVM = 0.

A description will now be given of an outline of
servo control executed upon head selection in the HDD
of FIG. 1. Generally, in the servo control,

15 a position, at which servo information that may be
obtained in the next occasion is recorded, is estimated
from a control variable based on continuous servo
information. In the conventional method in which servo
information is written to a disk by a head incorporated

20 in an HDA, a mechanical position error in the heads,
corresponds to a physical servo position error.
Accordingly, the continuity of servo positions between
the heads, i.e. the continuity of position information
is secured. Owing to this continuity, in the seek

25 control and positioning control (track following
control) executed by the CPU 24 in the servo interrupt

process, the reliability of a position calculated from



'corresponds to a physical servo position error. Accordingly, the
continuity of servo positions between the heads, i.e. the continuity of
position information is secured. OMng to this continuity, in the seek 25
control and positioning control (track following control) executed by the
CPU 24 in the servo interrupt process, the reliability of a position
calculated from35 actually acquired_po?gﬂ(UIinfornation (a cylinder
address and burst data) can be determined on the basis of the cal cul ated
position and an estinmated position. |If the calculated position is

det er i ned to beca iy elighl feq oo poILmLEML ARSEILRN( Soyiptud i Pl ace of

the cal cul ate p05| I's e y accura vo control. On

the other hand,y éé‘ ﬁ@sﬁu%tv\ﬁéﬁéf‘%é@r adtd AR L4 Ol 10, @ 1Sl $Ks uSi ng
et

the pre-servo net is 10 very possi at position I nformation

obt ai ned by a @Paﬁlé’fc@léilhﬁéftéT@Yp@ﬁtP@nC&M'M%ti%éthecﬁ hedsiehsRi ned by a
head of another disk. In this case, the reliability of an estinated val ue

itself is inporfafie cdlchighédOboshtfonals et OMmIREd €6 Waid to the use
of 15 an estinmated head position, upon head selection. In this enbodinent,

when usifig an @stébdlele yvathe, esoiwavéd ties f ol diowl Higuédd een nel dodlsoA to C,
or a conbination of at |least two of the three nethods, is enployed: 20 (A
A net hod for |ihetcabculpoed heasli sedmct i Dimis enables highly accurate

servo control.

On the other hand, in the case of writing servo

information to a disk using the pre-servo method, it is
10 very possible that position information obtained by

a head of a disk may not be continuous with that

obtained by a head of another disk. 1In this case, the

reliability of an estimated value itself is important.

In light of this, attention must be paid to the use of
15 an estimated head position, upon head selection.

In this embodiment, when using an estimated value,
one of the following three methods A to C, or
a combination of at least two of the three methods, is
employed:

20 (A} A method for limiting, upon head selection,
the use of an estimated head position;

(B) A method for limiting, upon head selection,
the use of an estimated head position, but enlarging
the range in which the estimated position is used; and

25 (C) A method for detecting a difference in
position information between heads upon manufacturing

an HDD, storing, in the FROM 25,



'the use of an estimated head position; (B) A nethod for Iimting, upon head
sel ection, the use of an estimated head position, but enlarging the range
in which the estimated position is used; and 25 (C) A nethod for detecting
a difference in position information between heads upon manufacturing an
HDD, storing, in the FROM 25, 36 - estimated-head-position paraneters
determned fromthe difference and used gnly imediately after head

sel ection, and determ ning conditions (a predeterm ned range) for
determining the reliability of the 5 aforenentioned cal cul ated position.

The addition o I 1 . US| '_graé o8 1. pon
head sel ecti onésenaﬂ)%gé) 1?%%5“ s%g%#jf%ﬂg%ﬁ?ﬁée% vaﬁ%ﬂgmﬂ?%&t.ﬁ%&{f gﬁéz;bi lity
of an acquir g PEAAPOST L @NuKER o] YNy @t 1§ NerdQr CRI g NUi Ly Of
position information is |acking between heads_. eferring to the flowchart
of FIG 8, seryg e&01ds 0l amsi détdhri MBANOco 1 dnde(slesesddeskn Hised
descri bed above, upon receiving a servo interrupt 15 signal ECS fromthe
ECS generator 228qef fhe SStaymninDng rehé erePlabi hpt CRA 2dhexecutes the
servo interrupt process according to the flowhart of FIG 6. During the
interrup procastsrehdret {PheRicekerldesd spoybtiaontrol, as follows, for
positioning a head 12 in 20 a target area on a target track on the basis of
servo The addition of an algorithm for using an

estimated head position upon head selection enables
the use of an estimated value with the reliability of
an acquired head position kept high, even if the
10 continuity of position information is lacking between
heads.
Referring to the flowchart of FIG. 8, servo
control using the method A will be described.
As described above, upon receiving a servo interrupt
15 signal EOS from the EOS generator 228 of the servo
controller 21, the CPU 24 executes the servo interrupt
process according to the flowchart of FIG. 6. During
the interrupt process, the CPU 24 executes servo
control, as follows, for positioning a head 12 in
20 a target area on a target track on the basis of servo
information detected by the R/W channel 20.
Specifically, at first, the CPU 24 reads position
information (a cylinder address and burst data)
necessary for servo control, from the SV register 221
25 of the servo controller 21 (step S11). Then, the
CPU 24 calculates the present position of the head 12

from the read position information (step S12).



‘informati on detected by the RWchannel 20. Specifically, at first, the
CPU 24 reads position information (a cylinder address and burst data)
necessary for servo control, fromthe SV register 221 25 of the servo
controller 21 (step Sil). Then, the CPU 24 cal cul ates the present position
of the head 12 fromthe read position information (step S12). 37
Subsequently, the CPU 24 determ nes whethgy ar not the nunber of servo

i nterrupt processes executed after the start of head sel ection exceeds a
predeterm ned value (step S13). If the nunber of servo i nterrupt processes

5 is not nore ghan, h@n? eﬂ’? ”&P@dzxaéé'ﬁerﬁlﬁ?e 6‘6161'%96&1 hat the
¥ hm t

reliability of "an é IS Iom/due to uence of

non- cont i nui tyng&geggggtegﬂvebnmgﬁf gf‘aa@%egeé}@égueﬁe akter m head

selection. Int m nes t use of

estimated val uge ghoub g }t)@aavgéﬂsgtlbﬁr@%@@asvg ﬁfea@@emmawaﬁ@é cul ati on
result at the step S12. Therefore, the CPU 24 calculates a controlled

variable (a VCMseeptsob| ed yart@d! gimpsedoft e £0d €1t SLrap €I b¥dHEs §&1 I ent
necessary for dr|V|ng 15 the VCM 15, on the basis of the position

informat§on calsuhatedoat thenstiep Stedéséenitdd)vale, ceheutrl ezld
controlled variable is set in the VCMdriver 17. As a result, a
correspondi ng determgnesirtkeat the seppébetiftyooftae &hiuatedrvdlueo the
VCM 15 to drive 20 the VCM 15.
is low due to the influence of the non-continuity of
position information between before and after the head
selection. In this case, the CPU 24 determines that
10 the use of the estimated value should be avoided
irrespective of the position calculation result at
the step S12. Therefore, the CPU 24 calculates
a controlled variable (a VCM controlled variable) used
to determine a driving current necessary for driving
15 the VCM 15, on the basis of the position information
calculated at the step S12 (step S14). The calculated,
controlled variable is set in the VCM driver 17.
As a result, a corresponding driving current is
supplied from the VCM driver 17 to the VCM 15 to drive
20 the VCM 15.

On the other hand, if the number of servo
interrupt processes exceeds the predetermined value,
the CPU 24 determines that the influence of the
non-continuity of position information between before

25 and after the head selection is low, and hence the

reliability of the estimated value is high. In this

case, the CPU 24 determines whether or not the position



‘On the other hand, if the nunber of servo interrupt processes exceeds
predeterm ned value, the CPU 24 determ nes that the influence of the
non-continuity of position information between before 25 and after the
selection is low, and hence the reliability of the estinmated value is
high. In this case, the CPU 24 determ nes whether or not the position
cal culated at the step S12 (the presentlygalculated position) falls

within a predeterm ned range (a nornmal predeterm ned range) determ ned

with reference to the present head position (an estimted val ue)

calcul ated S (eof{gpbed) 1eomE e an ecosl 0\ PIBLLLON 1 97 01 (BL] O (TP

S15). The nornal ~ predeterm néd ran a fIrrs m ned range) is

t he
head
38

a

Wi th respect ta,L fies oSt EAPLE, Vel ile £abEUAE Eftn £ O L 116,01 BRI, POSI L On

information. 1 e presently cal culated position s wthin the

normel predet es e aete FRINEd EdegEPUidde dRi M WEEh tdfdrdhicerebighbelity of

the presently calculated position is high, thereby calculating a VCM

controlled vapiabbet Oeddiepbast oRf (dheestl fatad efa DES) téATcdbatsdep S14).

On the other hand, if the presently calculated position falls outside

normal  Predet eg st hedteANgLrom . €he i prébed prig¢senslyicrl tnfetmwsti¢osi tion

t he

falls outside the normal predeterm ned range even though the influence of

t he non-conti n(stgpo$l2D. poBh¢ i mormal oprede vermhedenabed ofe Aidsaft er

head predetermined range) is £ o with respect to the
estimated value calculated from the preceding position
information.

10 If the presently calculated position falls within
the normal predetermined range, the CPU 24 determines
that the reliability of the presently calculated
position is high, thereby calculating a VCM controlled
variable on the basis of the calculated position

15 (step S14). On the other hand, if the presently
calculated position falls outside the normal
predetermined range, i.e. if the presently calculated
position falls outside the normal predetermined range
even though the influence of the non-continuity of

20 position information between before and after the head
selection is low, the CPU 24 determines that the
reliability of the presently calculated position is
low. In this case, the CPU 24 uses the estimated
value in place of the presently calculated position

25 (step S16), thereby calculating the VCM controlled

variable on the basis of the estimated value

(step S14).

t he



'selection is low, the CPU 24 determines that the reliability of the
presently calculated positionis low In this case, the CPU 24 uses the
estimated value in place of the presently cal cul ated position 25 (step
S16), thereby calculating the VCM controlled variable on the basis of the
estimated value (step S14). 39 As described above, in the enbodi nent,
until the nunber of servo interrupt pro ses executed after the start of
head sel ecti on exceeds a predeterm ned value, the use of an estimated
value in the interrupt process 5 is avoided. This prevents the use of a
val ue erroneously esti 0 the influence of.the  non:c nuity of

d.d X . j
position informatio Sbggégéﬁbggf%ngeanﬁna¥ greﬂegal@%PEthBE??gé#%rring
Chon 10 the Taghart plecn bocsbrun Asomal omlOUGEE cpe o
t he CPU 24 It i i i 21 of
the servo conteoir brob Reay oEleh A BRLIBL I PRI MRS FH1ER O e
present 15 poghti QBe Of £ 2aReask dkaf£QM A NG £RILROSI AL OPrupOf QrJBLLON (Step

S22). Thereafter, the CPU 24 determ nes whether or not the nunber of servo
interrupd procesgesigxgcutedi afpeevéhesstretusé bead $glestion exceeds a

predeterm ned val ue (step S23). |If the 20 nunber of servo interrupt
processes execediedn@btislytdetimated due to the influence of the
non-continuity of position information between before
and after head selection.
Referring then to the flowchart of FIG. 9, servo
10 control employing the aforementioned method B will be
described. As at the step S11 of FIG. 8, the CPU 24
reads head position information from the SV register
221 of the servo controller 21 (step S21).
Subsequently, the CPU 24 calculates the present
15 position of a head 12 from the read position
information (step S$22). Thereafter, the CPU 24
determines whether or not the number of servo interrupt
processes executed after the start of head selection
exceeds a predetermined value (step S$23). If the
20 number of servo interrupt processes executed after the
start of the head selection exceeds a predetermined
value, the CPU 24 executes steps S24 - 526 similar to
the steps S14 - S16 in FIG. 8.
If, on the other hand, the number of servo
25 interrupt processes is not more than the predetermined
value, the CPU 24 determines whether or not the

position calculated at the step S22 (the presently



'start of the head sel ection exceeds a predetermined value, the CPU 24
executes steps S24 - S26 simlar to the steps S14 - S16 in FIG 8. If, on
t he other hand, the nunber of servo 25 interrupt processes is not nore than
the predeterm ned value, the CPU 24 determ nes whether or not the

position calculated at the step S22 (the presently 40 cal cul ated position)
falls within a predeterm ned range (a_squnq_predeternined range) only
used i Mmedi ately after head selection (step S27). The predeterm ned range
(the second predeterm ned range) only used 5 i Mmedi ately after head

colecton s ek rrdub e oRREls 0 PR PGB LARR

P ron I nTormati § 'evi den

pr edet er i ned ange o vo useg LB AL Yo ] Lk pead Sel rLd i d iy Wi der

t han the norna predetermn range. resently cal cul at ed

posi tion fall s,pihifeadhee piedeber hoed sanoe ofhy yeedddmpdiagel y af ter

head sel ection, the CPU 24 determ nes at the reliability of the

presently cal cuh@bed(PRSi sb08nd Spladdi Shnihder ehygepl snl atudega VCM
controll ed variable on the basi's of the calculated position (step S24). On

the otheg handimhédideepyeseréryhead csbbéetiposisi eng figd Is ayt siidey the
predeterm ned range only used imrediately after head selection, i.e. if
t he presently 2&ssattutat the posésentn hard sposiisice ¢dkcubaged efresmt hough
the preceding position information. As is evident,
the predetermined range only used immediately
after head selection is wider than the normal
10 predetermined range.
If the presently calculated position falls within
the predetermined range only used immediately after
head selection, the CPU 24 determines that the
reliability of the presently calculated position is
15 high, thereby calculating a VCM controlled variable on
the basis of the calculated position (step S524).
On the other hand, if the presently calculated position
falls outside the predetermined range only used
immediately after head selection, i.e. if the presently
20 calculated position falls outside the range even though
this range (the predetermined range only used
immediately after head selection) is set wider than the
normal predetermined range in light of the number of
servo interrupt processes being not more than the
25 predetermined value, the CPU 24 determines that the
reliability of the presently calculated position is

low. In this case, the CPU 24 uses an estimated value



'this'range (the predeterm ned range only used immediately after head
selection) is set wder than the nornmal predeterm ned range in |ight of

t he nunber of servo interrupt processes being not nore than the 25
predeterm ned value, the CPU 24 determines that the reliability of the
presently cal culated position is low In this case, the CPU 24 uses an
estimated value 41 in place of the present!|y-cal cul ated position (step
S26), thereby cal culating the VCM controlled variable on the basis of the
estimated val ue (step S24). Thus, in the enbodi nent, until the nunber of

servo 5 inter{dpb) peecessenceyeesbad] of teictinerahapbsotibradsregl ection
exceeds a predeterm ned value (about 1 - 3 in this enbodinent), the use of

an estimted vebgge, i théhebyi BABENURLiRHOERESVCE abheveUdlea! yadndsle
particular conditions. In other words, a range only used 10 i mredi ately

after head sel esttha, babishofstiedestihabed vabueulstapgsz24)s enpl oyed, and
the use of an estimated value is prohibited as long as the presently
cal cul ated positiofihfial| $nwkhkhi embhdimedér pangé. thki sumbdensft Berrvange in
which the use of an estimated value is 15 allowed, and also prevents the
use of adSval ueintervnebuprgcesseanesdcdtedt afthe thel atact of haad
non-continuity of position information between before and after head
sel ection. Ref&fterbiep enecefsweharedeferngnedovaseeydaboptcebnrrdl in
enpl oying the aforenenti oned pethod C will ) .
this embodiment), the use of an estimated value in the
interrupt process is allowed only under particular
conditions. In other words, a range only used
10 immediately after head selection, which is wider than a
normal range, is employed, and the use of an estimated
value 1s prohibited as long as the presently calculated
position falls within the wider range. This widens
the range in which the use of an estimated value is
15 allowed, and also prevents the use of a value
erroneously estimated due to the influence of the
non-continuity of position information between before
and after head selection.
Referring to the flowchart of FIG. 10, servo
20 control employing the aforementioned method C will
be described. The flowchart of FIG. 10 is commonly
used in any type of servo control executed in the servo
interrupt process not only upon head selection.
First, in the embodiment employing the method C,
25 in the manufacturing stage of the HDD of FIG. 1,

a difference in position information between heads,

i.e. a difference in head positions, is detected.



'be described. The flowchart of FIG 10 is commonly wused in any type of
servo control executed in the servo interrupt process not only upon head
selection. First, in the enbodi ment enploying the nethod C, 25 in the
manuf acturing stage of the HDD of FIG 1, a difference in position

i nformati on between heads, i.e. a difference in head positions, is
detected. 42 The FROM 25 stores a paramejger (a first paraneter) for an
estimated head position, which is determ ned by the detected difference and
used only immedi ately after head selection. The FROM 25 al so stores a

paraneter 5 (aTﬁ@CF’ﬁ@MpQSaEEBfé?s 30{5 gmsfé&k”%eglPQEmérgﬁgﬁerP% £' on,

which is used for a single surface e continuity

of position IaﬁOégaimQBeHShé§QUﬁ8§1tIbﬁsewﬂﬁéﬁn§5e&ét&Pmlﬁéd gcorded on
each disk Ili, and be | oaded, for use, to 10 the RAM 26 upon t

initializationthé 8B8eetbBd &@fﬁéréﬁ@eséﬁ& ﬁ%éd0$nf§Gimﬁedi@@ef§l5géefeads
head position information fromthe SV register 221 of the servo controller

21 (step S31).h&abseqleotiyn.t hehe CPROM426ahLubasesrébeappessnbt &SI tion of
a head 12 15 fromthe read position information (step S32). Thereafter,
the CPU 24 det éansaesndhpaheneberhoforhan sstimatadensopisl piosess i s that
executed imediately after head selection (step S33). If the servo

i nterrupt proceesitsonhavhégecis edsedntdragesinaieehea0 (4 hdiskead

selection, the CPU 24 reads, fromthe FROM 25,
surface) in which the contlnulty of position

information is secured. These parameters may be
recorded on each disk 11i, and be loaded, for use, to
10 the RAM 26 upon the initialization of the HDD.

As at the step S11 of FIG. 8, the CPU 24 reads
head position information from the SV register 221 of
the servo controller 21 (step S31). Subsequently, the
CPU 24 calculates the present position of a head 12

15 from the read position information (step S32).
Thereafter, the CPU 24 determines whether or not the
servo interrupt process is that executed immediately
after head selection (step S33). If the servo
interrupt process is that executed immediately after

20 the head selection, the CPU 24 reads, from the FROM 25,
a parameter value for an estimated head position used
only immediately after the head selection (step S34).
If, on the other hand, the servo interrupt process is
not that executed immediately after the head selection,

25 the CPU 24 reads, from the FROM 25, a parameter value
for an estimated normal head position (step S35).

In place of the determination as to whether or not the



‘a paraneter value for an estinmated head position used

only imredi ately

after the head selection (step S34). |If, on the other hand, the servo
interrupt process is not that executed i mediately after the head
25 the CPU 24 reads, fromthe FROM 25, a paraneter val ue
estimated nornmal head position (step S35). In place of the determ nat

sel ecti on,

t o whet her
i mredi ately

processes
sel ecti on.
whet her or

or

I'S one corresponds
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not the position cal cul ated at

not the 43 servo interruptgpracess is that executed

for an
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after head selection, the determ nation as to whether or not
t he nunber of servo interrupt processes exceeds a predeterm ned val ue may

be carried outschBhUlAtL¥rupy | I2oCRse Y0othat Nexauben HinaB{¥Elpler T UPt

at executed | nmedi at e

ter - head

10 the step S12 (the presently

cal cul ated posptiget £aE! suMbéhi 8f aspredet Bt 8t pept rﬁf‘@@eé§é§pe:5§@éds Thi s

predeterm ned range is determ ned on the basis of t

present head

position (an estprafietevainel vhabeisaychécohatbddfoom a pataneley, val ue

read at the step S34 15 or S35 and the preceding position information.

| f

the preséntly thécoastedhposi thenntumbés aft senvot het predet eprocesisesnge,
the CPU 24 determnes that the reliability of the presently cal cul at
highone hepebgspahdsl boi hpah ¥ ebedr bihedisbelybatten 20 the
basis of the calculated position (step S37).

position is

10

15

20

25

head selection.

After executing the step S34 or S35, the CPU 24
determines whether or not the position calculated at
the step S12 (the presently calculated position) falls
within a predetermined range (step S36). This
predetermined range is determined on the basis of the
present head position (an estimated value) that is
calculated from a parameter value read at the step S34
or S35 and the preceding position information.

If the presently calculated position falls within
the predetermined range, the CPU 24 determines that the
reliability of the presently calculated position is
high, thereby calculating a VCM controlled variable on
the basis of the calculated position (step S37).

On the other hand, if the presently calculated position
falls outside the predetermined range, the CPU 24
determines that the reliability of the presently
calculated position is low. 1In this case, the CPU 24
uses the estimated value in place of the presently
calculated position (step S38), thereby calculating the

VCM controlled variable on the basis of the estimated

ed



‘On the other hand, if the presently calculated position falls outside the
predeterm ned range, the CPU 24 determnes that the reliability of the
presently calculated positionis low In this case, the CPU 24 25 uses the
estimated value in place of the presently calculated position (step S38),
thereby calculating the VCMcontrolled variable on the basis of the
estimated 44 - value (step S37). As descrjgbed above, in the enbodi nent, the
FROM 25 (a nonvolatile nenory device) prestores a paraneter for an
estimated head position, which reflects a difference 5 in the positions of

heads and is H;;ﬂldé)g{%,iw)a} ely after head selection. Further, in the

enbodi nent, i mre er head selection, it is determned, wusing a

range determned frgm @eggfgg@&eéag@é,uei@%et&&mﬁgﬁﬁcgﬂp‘?sﬁé}@nﬁ

i nformation, whether or not 10 a head position (pres cal cul at ed

posi tion) cal cal@desh 0dk { T Rasd Sy Aed G Prvseitid e A0 YA e tRAS| £d 0N

information has a high reliability. Thus, a high-accuracy determnation is

executed. In tdie edoMestiasiddebeiotbiEhich destrddts an dilb dasmdeen
given of a case where it is supposed that the servo positions (the

positiors of tie tdes voositehsnd 19 heads espdnis ngsdd arley hieatedieyt diey
physi cal |y displaced fromthose correspondi ng to another head, and hence a
process, whi cheGther dotad | sebedthicorrbodingmnty, | 2the xatadidierpon head
selection in order to elimnate the
immediately after head selection, it is determined,
using a range determined from a parameter value and
the preceding position information, whether or not
10 a head position (presently calculated position)
calculated on the basis of the presently acquired
position information has a high reliability. Thus,
a high-accuracy determination is executed.
In the above-described embodiment, a description
15 has been given of a case where it is supposed that the
servo positions (the positions of the servo areas 110)
corresponding to one head may be physically displaced
from those corresponding to another head, and hence
a process, which characterizes the embodiment, is
20 executed upon head selection in order to eliminate the
influence of the displacement. However, it is little
possible that the servo positions on one recording
surface of a disk, which correspond to one head, will
be physically displaced from those on the other
25 recording surface of the disk, which correspond to

another head. Therefore, the aforementioned particular

process may be executed upon head selection between



‘influence of the displacenent. However, it is little possible that the
servo positions on one recording surface of a disk, which correspond to
one head, will be physically displaced fromthose on the other 25
recordi ng surface of the disk, which correspond to another head.

Therefore, the aforenentioned particular process nmay be executed upon head
sel ection between 45 different disks._ Inydhis case, the expression "head
sel ection" used in the enbodi nent neans "head sel ection between different
di sks". Furthernore, in the enbodinent, the present invention is applied

to an HDD 5 ( j ' : r n £1.0n.i al so
appl i cabl e to@{%%% %ieé,l]?%’t her t kg{n‘?’ t#}%gifm&ees%}%%%&a&gng%%%- opti cal
di sk drive. 46,5 y{pﬂ S (Y : i i a t égggg'sing:
a plurality ofs%l. sks %rgch I nc:\%gi tlhkge a%m?cg%%{t‘ég%gﬁéér/ﬁ%o%% é";:balr ace r{on
which servo i nfoFp@dh i f £ &F8n €agT sk " CONt@ th dhdas) tionendf ormation are
recorded, each servo information item containing a servo mark used to
identify sai d @RsddBRENVD, | tHOIEBE s Ot | 19¥@nt 1en SBS Vappl NEOrF@mtd ol ens
bei ng recorded at regular intervals on a single circunferential portion of
each rec®rdi ng(Hd£d st §lacer Dfe )t he Kbhwkser a tlead peoanidethdait gachi g ecor di ng
surface of the disks and used at least to read information from

also applicable to a disk drive, other than the HDD,

such as a magneto-optical disk drive.



«a correspondi ng di sk; means for selecting one of the heads; 15 a servo gate
generator configured to generate a series of servo gate pul ses indicative
of timngs at which the servo infornmation itens are read by a head,

sel ected by the selecting neans, fromthe corresponding disk; 20 detection
means for starting, in a first node each tine the servo gate generator
generates a servo gate pulse, detection Qf the servo mark, contained in
said each servo information item frominformation read by the selected
head fromthe correspondi ng di sk, thereby 25 detecting, fromthe read

i nformation, the position inforﬂﬁg'o c .ped..Ln said each servo
information item at a timng de e?n?ﬁe ﬂgéthtFﬁfng at which - 47 the

servo mark has been Qetﬁcéﬁgk &va??é %%gg?%g?ﬁg%rgg%ﬁ§ting, in a second

node, the servo mark an positio ained in said each

servo information Ltem, L1opythe 4NEREMBALRN; AeedabY gt he Pesst eghed head
fromthe corresponding disk, at respective timngs determ ned by tim ngs

at which the sgryfdORd esUENSEAtOF WEDER 8§ £6ve CEMESEMYEL SN VOemSad £c1pul ses;
and neans for controlling, in the first node, 10 generation of the servo

gate pulses bycéheabeING 1964 £ i@enes B Phat USh Nngr& PEegrded, 2eadihe di sk
drive apparatus according to claiml,
servo information item containing a servo mark used to
identify said each servo information item, the servo
information items being recorded at regular intervals
on a single circumferential portion of each recording

10 surface of the disks;

a head provided for each recording surface of the
disks and used at least to read information from
a corresponding disk;

means for selecting one of the heads;

15 a servo gate generator configured to generate
a series of servo gate pulses indicative of timings at
which the servo information items are read by a head,
selected by the selecting means, from the corresponding
disk;

20 detection means for starting, in a first mode each
time the servo gate generator generates a servo gate
pulse, detection of the servo mark, contained in said
each servo information item, from information read by
the selected head from the corresponding disk, thereby

25 detecting, from the read information, the position
information contained in said each servo information

item, at a timing determined by a timing at which



‘further conprising a servo-mark-continuity detector configured to detect,
inthe first node, that servo 15 marks have been detected continuously,
thereby switching the first node to the second node. 3. The disk drive
apparatus according to claiml1l, wherein the controlling nmeans sets the
first node, when conditions are satisfied under which output timngs of 20
t he servo gate pul ses do not correspond tg; tidmi ngs at which the servo
information itens are read by the selected head fromthe correspondi ng

di sk. 4. The disk drive apparatus according to claim1, further

Conpri si ng:  25:1 S&L M5 ML K GAY itﬁ%@ﬁ yaded eed Q! @r?é‘fcﬁ&&'é@@iéﬁ’ungfﬁ§0t’ in

the first node, that servo marks ve been detected conti nuo and 48

a nmode sel ect J&@hst Big COM I JUELLLAQ hodlk Catige H8LvOTmd e dhd sthand second
nodes, the node select” register being swtched froma

first-node-indbeaitNGh 5t B EndOidn SeEONEa IME@-1Mds £2d | dgcist sdevavhen 5 the
servo-mark-continuity detector has detected that servo marks have been
det ect ed cont i nuboshat i@mdi ey ef Por hieh € oith £ @t ha hgomresdsd Sef stidie node
select register in the first-node-indicating state, when conditions are
sati sfi €8l undese i tdd o padit £ A t £ime ngsr ¢ spdued Sy vai gjat eafpul ses do not
correspond to timngs at which the servo information itens are read by
t he sel ect ed heegbé¢cbhve helmbrgespoielnpnedsiky timings at which

the servo gate generator generates respective servo
gate pulses; and

means for controlling, in the first mode,

10 generation of the servo gate pulses by the servo gate
generator, using a program.

2. The disk drive apparatus according to claim 1,
further comprising a servo-mark-continuity detector
configured to detect, in the first mode, that servo

15 marks have been detected continuously, thereby
switching the first mode to the second mode.

3. The disk drive apparatus according to claim 1,
wherein the controlling means sets the first mode, when
conditions are satisfied under which output timings of

20 the servo gate pulses do not correspond to timings at
which the servo information items are read by the
selected head from the corresponding disk.

4. The disk drive apparatus according to claim 1,
further comprising:

25 a servo-mark-continuity detector configured to
detect, in the first mode, that servo marks have been

detected continuously; and



*5. The di sk drive apparatus according to claim4, further conprising neans
for outputting, when 15 the detection neans has detected the servo mark, a
predet erm ned pul se indicative of the detection of the servo nark, and
wherein the servo-mark-continuity detector nonitors the predeterm ned
pul se output from the outputting neans, to thereby detect that servo 20
mar ks have been detected continuously.. 6.4gThe. di sk drive apparatus
according to claim5, further conprising a first counter configured to
start a tinme measurement, in which the nunber of clock pul ses contained

in a predeterm ned 5'1985e5589é4:t' §e§9§£‘é§dco§§18§99dttgﬁlﬁafcé’t'ép“t ting

nmeans outputs the predeterm ned puls wherein

servo- mark- conghaubt yrilet eCESF dnd seddnd mdGésdeshe ansgs VOs IBEK- absence
detector configured to nonitor a count val ue of the first counter to

thereby detecte@isesybanid abbeftiedt Btemi Hdf LA tAGodEAindDcdHt Beg Vo mar k
has been detected; and a second counter configured to count the nunber of

predet er mi ned pudisestso natbhecdndatodedindi bet Siegontiateowinéer bei ng reset
when the servo-nmark-absence detector has detected the servo-nark-absent
state, the 10 skeosercotmntek-conitmting dabecber viasmdésedoad tiesn
detected continuously, if a count value of the second
servo marks have been detected continuously,
and wherein the controlling means sets the mode
select register in the first-mode-indicating state,
when conditions are satisfied under which output
10 timings of the servo gate pulses do not correspond to
timings at which the servo information items are read
by the selected head from the corresponding disk.
5. The disk drive apparatus according to claim 4,
further comprising means for outputting, when
15 the detection means has detected the servo mark,
a predetermined pulse indicative of the detection of
the servo mark, and wherein the servo-mark-continuity
detector monitors the predetermined pulse output from
the outputting means, to thereby detect that servo
20 marks have been detected continuously.
6. The disk drive apparatus according to claim 5,
further comprising a first counter configured to start
a time measurement, in which the number of clock pulses
contained in a predetermined clock signal is counted,
25 each time the'outputting means outputs the

predetermined pulse,

and wherein the servo-mark-continuity detector



«counter reaches a predeterm ned value. 7. The disk drive apparatus

according to claim®6, wherein the node select register is switched from
the 15 first node to the second node if the count value of the second

counter reaches the predeterm ned value. 8. The disk drive apparatus

according to claim6, further conprising: a real-servo-interval register

configured to hold, 20 as a servo intervgd with which each adjacent pair

of the servo infornmation itens are detected, the count value of the first

counter assuned in synchronismwith a corresponding clock pul se of the
4ége the outputting nmeans outputs the predeterm ned 25
%netlc unit configured to calculate a correction val ue

necessary to correch tBevbiifhPR-QbseflceCdEPe8e5¥0c8RFEGRAKLEELE0 as to
reflect a change in the servo interva

register, and whei€bn & h€ooRt V@a Daé €o HErIes af DF s §COSEREES, tb Nthordihg second
node, the series of servo gate pul ses on the basis of the correction val ue
cal cul ated by ddéeectaratheetocmanktabené i Ske di ndecappag at st COHPri Si Ng:
plurality of disks each including at | east one 10 recording surface on
whi ch sefvo | nservatmanki hessbearhdetentadniagdposition information are
each

clock signal epghy
pul se; and an arit

recor ded,

10

15

20

25

a second counter configured to count the number of
predetermined pulses in the first mode, the second
counter being reset when the servo-mark-absence
detector has detected the servo-mark-absent state, the
second counter indicating that servo marks have been
detected continuously, if a count value of the second
counter reaches a predetermined value.

7. The disk drive apparatus according to claim 6,
wherein the mode select register is switched from the
first mode to the second mode if the count value of the
second counter reaches the predetermined value.

8. The disk drive apparatus according to claim 6,
further comprising:

a real-servo-interval register configured to hold,
as a servo interval with which each adjacent pair of
the servo information items are detected, the count
value of the first counter assumed in synchronism with
a corresponding clock pulse of the clock signal each
time the outputting means outputs the predetermined
pulse; and

an arithmetic unit configured to calculate

a correction value necessary to correct the timing of

i ndi cated by the read-servo-interva

a



‘servo information itemcontaining a servo mark used to identify said each
servo information item the servo information itens being recorded at
regular intervals 15 on a single circunferential portion of each recording
surface of the disks; a head provided for each recording surface of the

di sks and used at least to read information froma correspondi ng disk; 20
nmeans for selecting one of the heads; 4regyps for detecting the servo mark
and position information, contained in said each servo information item
frominformation read fromthe corresponding disk by a head sel ected by

the sel ecting dBaNSserdio aFatHUSHTSP s PCNET @ OF c £PEEE GUT EFh A Qe OFNET AL E an

interrupt signal at a timng at which the detecting neans detects the

servo mark; anghdlse @it ite FRANSiA@TcSEAd tHYOLIRD e &F §ePboPIPESSEal N
response to the interrupt signal, thereby executing servo control using

one of a cal cutegrsteosition of the head selected by the sel ecting neans,
and a present 5 position of the sel ected head, the cal cul ated position
bei ng cal cul ated fremdtkieepesnttba safvomitengertested gbyetheeseteti on
nmeans, the present position being estimated from position information

det ect eb by t hithe deeeend onodeanshé nser peecelli serozcegsiopulses comt rol 10
nmeans changi ng conditions between a first case where the nunber of

i nterrupt proceedsaskecef cehaf¢errection value calculated by the

arithmetic unit.
9. A disk drive apparatus comprising:
a plurality of disks each including at least one
10 recording surface on which servo information items each
containing position information are recorded, each
servo information item containing a servo mark used to
identify said each servo information item, the servo
information items being recorded at regular intervals
15 on a single circumferential portion of each recording
surface of the disks;
a head provided for each recording surface of the
disks and used at least to read information from a
corresponding disk;
20 means for selecting one of the heads;
means for detecting the servo mark and position
information, contained in said each servo information
item, from information read from the corresponding disk
by a head selected by the selecting means;
25 an interrupt generator configured to generate
an interrupt signal at a timing at which the detecting

means detects the servo mark; and



‘starting head sel ection does not exceed a predeterm ned value, and a
second case other than the first case, the conditions being used to
determ ne whether the 15 cal cul ated head position or the estimted head
position should be used. 10. The disk drive apparatus according to claim
9, wherein in the first case, or if, in the second case, the calcul ated
head position, calculated fromthe 20 posifian information detected by the
detection neans, falls within a predeterm ned range deternm ned on the
basis of the present position of the head, the control neans executes the

servo contr ol USi”QFBHErS?LﬁHLﬁEegorhgﬂ rE?ﬁ%tEﬁnénEQFng€E§9§ﬁ§9§LEB0”

being estimated 25 fromt position rnformation detecte tection

means in the presgdhsy 6CEsE O ntEPBuSONL L Gha TPAPRe rEXGCHLERGLING SErVO
control using the estimted head 52 position in the second case if the

cal cul ated headerpostbhefof alibsngubsedert AecpIedehesd pedit abfcof lilhe The
di sk drive apparatus according to claim9, wherein the control neans

executes the skex@ sobécbeédSbyusthg sbkectinyl aéeds headdpasptédsnti n the
first case if the calculated head position calculated fromthe position
i nformatdon depesitilobyofhehdesetécbadnpaad, thélcsalcthabhed position
predeterm ned range determ ned on the basis of the present position of the
head, which isbebngscahautateéedofironhetpesposdhionf bnferhahicetdetedtdy t he
detection neans in the preceding occasion, or in the
by the detection means, the present position being
estimated from position information detected by the
detection means in a preceding occasion, the control
10 means changing conditions between a first case where
the number of interrupt processes executed after
starting head selection does not exceed a predetermined
value, and a second case other than the first case, the
conditions being used to determine whether the
15 calculated head position or the estimated head position
should be used.
10. The disk drive apparatus according to claim 9,
wherein in the first case, or if, in the second case,
the calculated head position, calculated from the
20 position information detected by the detection means,
falls within a predetermined range determined on the
basis of the present position of the head, the control
means executes the servo control using the calculated
head position, the present position being estimated
25 from the position information detected by the detection

means in the preceding occasion, the control means

executing the servo control using the estimated head



'second case if the cal cul ated head position falls wthin a second
predeterm ned range wi der than the first predeterm ned range determ ned
fromthe estimted 15 head position, the control means executing the servo
control using the estimted head position, in the first case if the

cal cul ated head position falls outside the first predeterm ned range, or
in the second case if the calcul ated he pasition falls outside the
second 20 predeterm ned range. 12. The di sk drive apparatus according to
claim9, further conprising: a storage unit which prestores a first

paramet er de?ﬁ&QlEanfiﬂnkﬁedé%£8£8”ﬁ§s Ny £h€h8°ééi&89a€§d'ﬂég mation, the

di fference bei used to estl positron assuned i medi ately

af ter head s%sgits?&n EB91 8106 BYPAUNEhe 0bP0ABEEPH OhLAT: gnagcond 53

paranmeter used to estinmate a head positioh at a t han

imediately after {he hepd gebrchiove éﬁﬁaﬁ@@u@'éeé@@dfﬁ@t£8|cﬂE§ﬂ59read5
the first paranmeter fromthe storage unit in each interrupt 5 process in

the first caseyhapdifiepls t68tBELONEaRar aRBtEtesl PRt HEr660E88EraNIt i N
each interrupt process in the second case, the control neans executing

the serv®d contusinygsthg taecobhtedaheddhpadiposnti bn thet hersal casat ed head
position falls within 10 a predeterm ned range determ ned on the basis of
t he present posfttbe ohltheaheddheblieppsibeon pasctlabed from the
position information detected by the detection means
falls within a first predetermined range determined on
the basis of the present position of the head, which is
10 estimated from the position information detected by the
detection means in the preceding occasion, or in the
second case if the calculated head position falls
within a second predetermined range wider than the
first predetermined range determined from the estimated
15 head position, the control means executing the servo
control using the estimated head position, in the first
case if the calculated head position falls outside the
first predetermined range, or in the second case if the
calculated head position falls outside the second
20 predetermined range.
12. The disk drive apparatus according to claim 9,
further comprising:
a storage unit which prestores a first parameter
determined from a difference in the position
25 information, the difference being used to estimate

a head position assumed immediately after head

selection, the storage unit also prestoring a second



‘being estimated from both the read paranmeter and the position information
detected by the detection neans in the precedi ng occasion, the control
means executing 15 the servo control using the estinmated head position if
the cal cul ated head position falls outside the predeterm ned range. 13. A
di sk drive apparatus conprising: a plurality of disks each including at

| east one 20 recording surface on which servwo information itens each
containing position information are recorded, each servo information item
containing a servo mark used to identify said each servo information item

the servo inforprhiedrihs88 PSi BtiRELEIEInALATr SO BIoh NLET YL S ON a
single circunfeerential portion of each recording surface of the disks; a

head provided §ehepathar econdingt Uy f aceeBf the SHead Nge Uésksornd used at
| east to read information from a correspondi ng disk; a servo gate

gener at or confi gur edntiowgenetiat eheacsrtres néaseryeagat ehpukFsesti ndicative
of timngs 5 at which the servo information itens are read by a sel ected
one of the headsrémetethéromrtlespshdrage dnsk; im each/ wntéergbaannel which
starts, in a first node each tine the servo gate generator generates a
servo 105gat e pupsessdenethéofiinsttbassersndnnekds colne aseeandn said each
servo information item frominformation read
parameter from the storage unit in each interrupt
process in the second case, the control means executing
the servo control using the calculated head position
if the calculated head position falls within
10 a predetermined range determined on the basis of
the present position of the head, the present position
being estimated from both the read parameter and the
position information detected by the detection means in
the preceding occasion, the control means executing
15 the servo control using the estimated head position if
the calculated head position falls outside the
predetermined range.
13. A disk drive apparatus comprising:
a plurality of disks each including at least one
20 recording surface on which servo information items each
containing position information are recorded, each
servo information item containing a servo mark used to
identify said each servo information item, the servo
information items being recorded at regular intervals
25 on a single circumferential portion of each recording

surface of the disks;

a head provided for each recording surface of



‘by the selected head fromthe correspondi ng di sk, thereby detecting, from
the read information, the position information contained in said each
servo 15 information item at a timng determned by a timng at which the
servo mark has been detected, the read/wite channel detecting, in a
second node, the servo mark and the position information, contained in
said each servo information item framtdgye information read by the 20

sel ected head fromthe correspondi ng disk, at respective timngs

determ ned by timngs at which the servo gate generator generates

respective seryQ 0al &xs Pahgessedngk a CPLL conf i g efh 18l 85 ANG, Of the

heads and to 25 control, In the first nbde, generation of the servo gate

pul ses by the seryprobEndeRgraiok, using a program - 55 14. A disk drive
apparatus conprising: a plurality of disks each including at |east one

recording surface oa uBkeb §et¥Ogenépatdti eontiguBegatd génetatai ng
position information are recorded, each 5 servo information item contai ning

a servo mark usesletbesidengéfyo sgatle gaechsserindicdoivateodntinmgst he servo
information itens being recorded at regular intervals on a single
circunfesenti aht peniciontiné sacvoricbodnagiosutfeace afe theadlilsks; 10 a head
provi ded for each recording surface of the disks and used at |east to read
informati on franselected one of the heads from the corresponding
disk;
a read/write channel which starts, in a first mode
each time the servo gate generator generates a servo
10 gate pulse, detection of the servo mark, contained in
said each servo information item, from information read
by the selected head from the corresponding disk,
thereby detecting, from the read information, the
position information contained in said each servo
15 information item, at a timing determined by a timing at
which the servo mark has been detected, the read/write
channel detecting, in a second mode, the servo mark and
the position information, contained in said each servo
information item, from the information read by the
20 selected head from the corresponding disk, at
respective timings determined by timings at which the
servo gate generator generates respective servo gate
pulses; and
a CPU configured to select one of the heads and to
25 control, in the first mode, generation of the servo

gate pulses by the servo gate generator, using

a program.



‘a corresponding disk; a read/wite channel configured to detect the servo
mar k and position information, contained in said 15 each servo information
item frominformation read fromthe corresponding di sk by a sel ected one
of the heads; an interrupt generator configured to generate an interrupt
signal at a timng at which the read/wite channel detects the servo mark;
and 20 a CPU configured to sel ect one .of gde heads, the CPU starting an
interrupt process in accordance with the interrupt signal, thereby
executing servo control using one of a calculated position of the sel ected

head, and a preseni,positipoxofi-{he §ﬁ#§££€@sh€?ﬁpri§§n 5 calcul ated
nf or

position being calculated fromthe position i mat1 on detected by the

read/wite channel ,at%@uraw’é?n&fpa;&'skkoeaeﬁi nEcestingt 8¢ f£98rpgsktion 56
information detected by the read/ wite channel in a precedi ng occasion,

t he CPU changi ngceoaihgi susfabet yeewhdchi §8tve asefvhes €idhel tembesa el
interrupt processes executed after starting head sel ection does 5 not
exceed a predetentaieinyapoeitbon anfernaticasere ofdesrddan éhenfirst case,
the conditions being used to determ ne whether one of the cal cul ated head
positiond and séevesinfetrrat headi pesi ¢onba shong da beerwednad®. udedetdod of
conpensating for an error in 10 servo-information-recorded position

bet ween heads, identthy ogeid seaponstered tefernabhof otteml ethé ngeove of

information items being recorded at regular intervals
on a single circumferential portion of each recording
surface of the disks;
10 a head provided for each recording surface of
the disks and used at least to read information from
a corresponding disk;
a read/write channel configured to detect the
servo mark and position information, contained in said
15 each servo information item, from information read from
the corresponding disk by a selected one of the heads;
an interrupt generator configured to generate an
interrupt signal at a timing at which the read/write
channel detects the servo mark; and
20 a CPU configured to select one of the heads, the
CPU starting an interrupt process in accordance with
the interrupt signal, thereby executing servo control
using one of a calculated position of the selected
head, and a present position of the selected head, the
25 calculated position being calculated from the position
information detected by the read/write channel, the

present position being estimated from position



'the heads, the nethod being used in a disk drive equipped with a plurality
of disks each including at |east one recording surface with
circunferential 15 portions on each of which servo information itens are
recorded at regular intervals, each servo information item containing an

i nherent servo mark used to identify said each servo information item the
di sk drive being also equipped with heads provided for the respective 20
recordi ng surfaces of the disks and used at least to read data fromthe
respective disks, the method conprising: starting, in a first node each

time a servo gph€ormitS6n i geBEPEEQLISY thO ASIEMIri e SRIMQIBIK, contained
25 in said each servo information item by nonitoring read information read

by a selected hegfefé@h@ S6c4SEOON0ENE PG Kehdh@l€PYcstiedLeidmg, fromthe
read 57 information, the position information contained in said each

servo informathotwedenn Birettéasagviteter thaetuttyer cof i 1 tegrAiptwhi ch the
servo mark has been detected; detecting, in a second node, the servo mark
and 5 the posptooassascexatiiond zbHrdni seariingadichdasdl scrion dedor mati on
item fromthe information read by the selected head fromthe
correspondi ng P skexeeedraspeeds vermimehgeaies eranded dHycendiergse at whi ch
respective servo gate pul ses are generated; and 10 controlling, in the
first node, gedlelRraribrenfthtelisel verspu ethril aerditsemy keinwgised to
determine whether one of the calculated head position
and the estimated head position should be used.
15. A method of compensating for an error in
10 servo-information-recorded position between heads,
which occurs upon head selection for selecting one of
the heads, the method being used in a disk drive
equipped with a plurality of disks each including at
least one recording surface with circumferential
15 portions on each of which servo information items are
recorded at regular intervals, each servo information
item containing an inherent servo mark used to identify
said each servo information item, the disk drive being
also equipped with heads provided for the respective
20 recording surfaces of the disks and used at least to
read data from the respective disks, the method
comprising:
starting, in a first mode each time a servo gate
pulse is generated, to detect the servo mark, contained
25 in said each servo information item, by monitoring

read information read by a selected head from

a corresponding disk, thereby detecting, from the read



+16. The nmethod according to claim 15, further conprising: setting the
first node when conditions are 15 satisfied under which output timngs of
the servo gate pulses do not correspond to timngs at which the servo
information itens are read by the selected head from the corresponding

di sk; detecting, in the first node, that servo marks 20 have been detected
continuously; and switching the first nodg;ta the second node if it is
detected that servo marks have been detected continuously. 17. A method of
conpensating for an error in 25 servo-information-recorded position

bet veen heads, 1n ¥kl 05RUT enLn90s heath Seh EGEROR {01 cSRLEEILA0 e 08 (e

heads, the net elng used In a disk drive equi pped w urality

of disks each igehugipgoatnrbeasti ONCiFEROT&ENY §H&Iﬁ§ed¥féfhined by
circunferential portions on each of which servo infofmation itens are

recorded at regutafihdt & idhbch CERE SEFVO MAFRIHES 1 198e® déLS€LAL ai ning an
i nherent servo mark used to identify said each servo information item the

di sk drive being alisteegihppetnwat bebendsmpdeyi grd Eervbhearrspggti ve
recordi ng surfaces of the disks and used at least to read data fromthe

respective di skise poeitnedthoinidrmatponsi contaehedt ingsdéhe sativosemrdk and
position information,
information item, from the information read by the
selected head from the corresponding disk, at
respective timings determined by timings at which
respective servo gate pulses are generated; and
10 controlling, in the first mode, generation of the
servo gate pulses, using a program.
16. The method according to claim 15, further
comprising:
setting the first mode when conditions are
15 satisfied under which output timings of the servo gate
pulses do not correspond to timings at which the servo
information items are read by the selected head from
the corresponding disk;
detecting, in the first mode, that servo marks
20 have been detected continuously; and
switching the first mode to the second mode if it
is detected that servo marks have been detected
continuously.
17. A method of compensating for an error in
25 servo-information-recorded position between heads,

which occurs upon head selection for selecting one of

the heads, the method being used in a disk drive



‘contained in said each servo information item frominformation read by a
sel ected head from a correspondi ng disk; 15 generating an interrupt signal
at atimng at which the servo nmark has been detected; and starting an

i nterrupt process in accordance with the interrupt signal, thereby
executing servo control using one of a position of a selected head
calculated 20 fromthe detected positiondgfarmation, and a present
position of the selected head estimated fromposition infornmation detected
in a precedi ng occasion, conditions being changed in the executing servo

control betmeggﬁgpﬁgggwﬁgﬁrg #gﬁrgﬂﬂP§ro9fdiQE§ré98$ Pﬁgf?%?ﬁ? 2p executed

after starting ect oes” not exceed a prede ned val ue,

7053 por e SheLhanel et asky Hatrane udatee HimEoRlt ons be 1. Lo
head position ghpti&nHeonsSe8ch of which servo information items are
recorded at regular intervals, each servo information
5 item containing an inherent servo mark used to identify
said each servo information item, the disk drive being
also equipped with heads provided for the respective
recording surfaces of the disks and used at least to
read data from the respective disks, the method
10 comprising:
detecting the servo mark and position information,
contained in said each servo information item,
from information read by a selected head from
a corresponding disk;
15 generating an interrupt signal at a timing at
which the servo mark has been detected; and
starting an interrupt process in accordance with
the interrupt signal, thereby executing servo control
using one of a position of a selected head calculated
20 from the detected position information, and a present
position of the selected head estimated from position
information detected in a preceding occasion,
conditions being changed in the executing servo control
between a case where the number of interrupt processes
25 executed after starting the head selection does not

exceed a predetermined value, and a case other than

the first-mentioned case, the conditions being used to
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determine whether the calculated head position or the

estimated head position should be used.



