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and 15 a target track is noved to et track. Head positioning target area
on the tarp ed on the basis of servo control is generally execut each disk
at information discretely recorded on the direction of the intervals in
head positioning 20 regular disk. Further, circunference of $ each

I nterrupt process executed during an executed control is The interrupt
process is a CPU. The servo executed by sector pulse. in accordance with a
servo with the e is generated in accordance nmark contained in the servo

25 sector pals detection of a servo and used to identify it. information

1591997 2 Jo geneal sobbeate YRSSELOL BUAG: LIS IPRRLO asgati ng

nmet hods as descri be ubl’i dation 1102 are

used. In the fc%éﬁéraﬁfﬁgoméﬁﬁé% " 3658eRBEA LA0IBRL Nedy 2appat.oul ar S

pattern for generating servo sector . SEervo rk fo
i dentifying segyRALNPALIRELLDon! Ro, dgf—gﬁtl@d a}'Qeul%éEit : C%a'fthléatftl‘?c % or

servo mark is contained in servo information recorded on each of the

servo-sector~pulse-generating method, a particular

5 pattern for generating a servo sector pulse, i.e., a
servo mark for identifying servo information, is
detected. The particular pattern or servo mark is
contained in servo information recorded on each of the
servo areas (servo sectors) that are discretely

10 arranged at regular intervals on each disk in the
direction of the circumference of each disk. Each
time a servo mark is detected, a servo sector pulse is
generated at a time point (first timing) a
predetermined time period Tl after the detection time

15 of the servo mark. In the second servo-sector-pulse-
generating method, the servo sector pulse is generated
at a time point (second timing) a predetermined time
period T2 (T2 >> T1l) after the detection time of a
preceding servo mark. To measure the time period T2,

20 a timer is used. When the first and second servo-
sector-pulse~generating methods are used, even if the
detection of a servo mark has failed due to, for
example, noise, the failure can be compensated for by
generating a pseudo servo sector pulse the

25 predetermined time period T2 after the detection time
of a preceding servo mark.

As described above, in the prior art, when a
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Servo areas (servo sectors) that are discretely 10 arranged at regul ar
intervals on each disk in the direction of the circunference of each disk
Each time a servo mark is detected, a servo sector pulse is generated at
atime point (first timng) a predetermned tine period Tl after the
detection tine 15 of the servo mark. In the second servo-sector-pul se-
generating nmethod, the servo sector pulsezis_generated at a tinme point
(second timng) a predetermned tinme period T2 (T2 >> Ti) after the
detection tine of a preceding servo mark. To nmeasure the tine period T2,

20 a timer is gsed, phep EBﬁgé&ﬁéh §Hds§§98nQn§8 #8tion is detecte

sect OI’-pU| se-generati ng net S are use even | thé détection of ‘a servo

mark has failed dugybosebPbr BYRERI €5 BRh&SatbReatakhir ¢i6aR Qﬁﬂaagpensated
for by generating a pseudo servo sector pulse the 25 predetermned tine

period T2 aftegnhihgrdgbestin®eli FBneObeziBHEPedbREcTEENR MRItectABndescri bed
above, in the prior art, when a - 3 servo mark contained in servo

information i srdetgetpdwhed SREVAeSGEtabnpulfse ksrgenaaakethaat fahe el rst
timng the predetermned tine period Ti after the detection. Further,
when the5det ecfoonsomearsaswn, nar kebhas tacked bullee sengeneazdrd atservo
sector pulse is generated at the second timng the predetermned tine
period T2 aftthetbecdetietimbngotha perpdetrmmknédotniser per iiodf G2mati on
recorded in a preceding servo area. Thus, the failure of generation of a
servo sector pafserdtbeldetecthenf aifl ar sesvodeaest fsamosexveoer vo mark can

be
information recorded in a preceding servo area. Thus,

the failure of generation of a servo sector pulse due

10 to the failure of detection of a servo mark can be
compensated for.

However, in the prior art, no consideration is
given to the fact that the intervals at which servo
information is detected, i.e., the servo intervals,

15 vary according to changes in the rotational speed of a
disk, i.e., a motor for spinning the disk, or runout
of the disk, i.e., runout of the motor shaft.
Accordingly, in the prior art, the predetermined time
period T2 is always used as the timing (second timing)

20 for generating a pseudo servo sector pulse when the
detection of a servo mark has failed.

Therefore, in the prior art, if the servo
intervals exceed the time period T2, it is determined
that the detection of a servo mark has failed, thereby

25 generating a servo sector pulse at the second timing
the predetermined time period T2 after the detection

of a preceding servo mark. Accordingly, if the servo
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conpensated for. However, in the prior art, no considerationis given to
the fact that the intervals at which servo information is detected,
the servo intervals, 15 vary according to changes in the rotational speed

pf a disk, i

i.e., runout of the notor shaft. Accordingly, in the prior art, the
predetermned tine period T2 is always uged-as the timng (second tim ng)

20 for generating a pseudo servo sector pul se when the

detecti on of a

. e.,

.e., a motor for spinning the disk, or runout of the di sk,

servo mark has failed. Therefore, in the prior art, if the servo intervals

exceed the ting,peryQs Téaritaié €6t enAhged ihhehe! Retdelienkio

Roekgqa servo

mark has failed, thereby 25 generating a“servo sector pulse at Phe second
timng the pregejeanspedrt riBoner b@dehd afitr; theidepeskidne @ha
precedi ng servo mark. Accordingly, if the servol r - 4 intervals vary due
to changes in the séotwabdi o8a8tosppelsesfwalli Bk genevaout at Wherdirslt it is

possi bl e t hat

two servo sector pulses will be generated at different

time

poi nts for onetsmeevocinter fati onei sepvd dnfoespohdnngtem one servo area.

BRI EF SUMVARY OF THE | NVENTI ON The present

i nventi on has been devel oped in

light oF the abovespandingnsotondymanvoabklgacorrect a servo- sector-pul se

timng, in accordance wth changes in 10 servo interval

for identifying servo infBRAREI GHMNARYNOE BEEN INFESNCLON, t her eby

10

15

20

25

The present invention has been developed in light
of the above, and aims to dynamically correct a servo-
sector-pulse timing, in accordance with changes in
servo interval, when a servo mark for identifying
servo information has not been detected, thereby
preventing two servo sector pulses from being
generated for one servo information item.

According to an aspect of the invention, there is
provided a disk drive apparatus comprising: at least
one disk including at least one recording surface on
which servo information items are recorded discretely
at regular intervals in a direction of the
circumference of the at least one disk, the servo
information items including respective position
information items and respective servo marks used to
identify the servo information items; and a head
provided for the at least one recording surface and
used to read information from the at least one disk.
The disk drive apparatus also comprises a servo
detector, a servo mark detector, a counter, a

correction circuit, a determination circuit and a

when a servo nark
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prevénting two servo sector pulses frombeing generated for one servo
information item According to an aspect of the invention, there is 15
provi ded a di sk drive apparatus conprising: at |east one disk including at
| east one recording surface on which servo information itens are recorded
discretely at regular intervals in a direction of the circunference of the
at | east one disk, the servo 20 informatgon-itens including respective
position information itens and respective servo narks used to identify
the servo information itens; and a head provided for the at |east one

recordi ng surfggfvgngecyggdpgpséeagngggegﬁetngttrO@hghgegyoleast one di sk.

25 The disk drive apparatus al so Conprises a servo detector, a servo nmark

detector, a Cogdt&itoR dEOEEESTEQBNCEEEYDLT inBodRber BhNAkkaN rebiCihk and a }
5 - servo-sector-pul se-generating unit. The servo detector detects each

servo infor mati®foihe &f ofesdebyi oher RBhHOArbRadhby dtiBe . headef semybhe
di sk. The servo nmark detector detects a correspondi ng one of the servo 5

mar ks from eachaskraetéatormaeteotst ancderespeddhyigt bae s€r ¢hedekegbor. The
counter neasures a servo interval, the servo interval being an interva
bet ween 5two smerkssivemseagb sarks defechetiby tthemsdeteciwedkbydehect or.
The correction circuit corrects a 10 predetermned tine period T2 on the
basi s of the ssexwvo detecvatl.nedbar edubherhmessumneer aageraopr edet er m ned
i deal servo interval. The determ nation circuit
interval, the servo interval being an interval between
two successive servo marks detected by the servo mark
detector. The correction circuit corrects a
10 prede£ermined time period T2 on the basis of the servo
interval measured by the counter and a predetermined
ideal servo interval. The determination circuit
determines which one of the time period T2 and a time
period T2' obtained by correcting the time period T2
15 using the correction circuit should be used. The
servo-sector-pulse-generating unit generates a servo
sector pulse a predetermined time period Tl after the
servo mark detector detects each servo mark, the time
period Tl being shorter than the time period T2. The
20 servo-sector-pulse-generating unit also generates a
pseudo servo sector pulse when the time period
determined by the determination circuit has elapsed
after the detection of each servo mark, if a next
servo mark is not detected during the time period
25 determined by the determination circuit.

Additional objects and advantages of the

invention will be set forth in the description which



-

' i

determ nes which one of the tinme period T2 and a tinme period T2' obtained
by correcting the tinme period T2 15 using the correction circuit should be
used. The servo-sector-pul se-generating unit generates a servo sector
pul se a predetermned tinme period Tl after the servo mark detector detects
each servo mark, the tine period T1 being shorter than the time period T2.
The 20 servo-sector-pul se-generating unitg al.so generates a pseudo servo
sector pulse when the tinme period determ ned by the determ nation circuit
has el apsed after the detection of each servo mark, if a next servo mark

i's not detect %ldltng’g dhe {d %p@r‘j,pgl &Q%@{&ﬁ@eﬁr@a{ H;ng determ nati on

circuit. Additional objects and advantages of the 1nvention will be set

forth in the drsGHiHdidh MbEhay be fdd oV6d BPdoidcPBEE ¥E| thbe obvious
fromthe description, or may be |l earned by practice of the invention. The

obj ects and advasdragiesh of THe ob JwEts i H1d rEyvderiges i gedege@d obt ai ned by
means of the 5 instrunentalities and conbinations particularly pointed out

herei nafter. BRvENIISCRRTIEN fdFa TiHe SRARALL 34 EWEd Gby Tidka DRAYY NEhe The
acconpanyi ng draw ngs, which are incorporated in and constitute a part of
t he spedi fi catiirst rufieritld Juist ¥ed ea redriboainlvinmd s1 @t s thert ivehérbp, and t oget her
with the general description given above and the detailed description of
t he enbodi nentmigitesh el dwereisefifeet o explain the principles of the
invention. FIG 1 is a block diagramillustrating a hard
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
10 illustrate 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 a hard
15 disk drive according to an embodiment of the present
invention;
FIG. 2A is a view illustrating the concept of a
format employed for a disk 11i (i = a, b) appearing in
FIG. 1;
20 FIG. 2B is a view illustrating the concept of a
data format for a servo area arranged on the disk 11i;
FIG. 3 1s a block diagram illustrating a gate
array 21 appearing in FIG. 1;
FIGS. 4A - 4C are timing charts useful in
25 explaining an operation of the embodiment:;

FIGS. 5A - 5C are timing charts useful in

explaining an operation of the embodiment;
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15 di sk drive according to an enbodi nent of the present invention;
is aviewillustrating the concept of a format enployed for a disk

= a, b) appearing in

FIG 2A
i (i

FIG 1; 20 FIG 2B is a viewillustrating the concept

of a data format for a servo area arranged on the disk Ili; FIG 3 is a

bl ock diagramillustrating a gate array 21 appearing in FIG 1; FIGS. 4A -
4C are timng charts useful in 25 explaifing an operation of the

enbodi nent ;
operation of

useful in explaining a first no
8C are timng g

enbodi nent ;

FIGS. 5A - 5C are timng charts useful in explaining an

the enmbodinent; 7 FIGS. 6A - 6C are timng charts useful in
expl ai ni ng an oper a8 o%Athe6§nP9gig§Bth Eh§§t37ﬁs§fﬁ@ gre timng charts
[ f [

ication the enbo

ment ; 5 FIGS. 8A -

%ﬁiﬁn&'ﬁgf sh as%erswbﬁi Biengnha egeendmaRdification of the
and FIGS. 9A - 9D are timng charts useful in explaining a

third nodification ptgthesganbodcnepe. tik@ngEEALLER BEEERIPTHON OF THE
I NVENTI ON An enbodi nent in which the invention is applied to a hard disk

drive will be Qﬁpyaixbgﬂ?wétbifsfem@a@gich@ibheoaceﬁepambbagm@m\eﬁ ngs. FIG

1is a block diagrami

| ustrating the configuration of the hard 15 di sk

drive acgording to rhesenbadineat agk thedinignehatitenuskefutthédpvhard di sk drive

(hereinafter

10

15

20

25

explaining a second modification of the embodiment;
and

FIGS. 9A -~ 9D are timing charts useful in
explaining a third modification of the embodiment.

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 illustrating the configuration of the hard
disk drive according to the embodiment of the
invention. In the hard disk drive (hereinafter
referred to as an "HDD") shown in FIG. 1, a number
(e.g. two) of disks (magnetic disk mediums) 1lla and
11b, on which data is magnetically recorded, are
stacked. Each disk 11i (i = a, b) has two disk
surfaces (upper and lower 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 11i (data
reproduction/recording), are provided for the

respective recording surfaces of each disk 11i. The
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1
referred to as an "HDD') shown in FIG 1, a nunber (e.g. two) of disks
(magnetic disk nmediuns) Ila and 11b, on which data is nmagnetically

recorded, are 20 stacked. Each disk Ili (i = a, b) has two disk surfaces
(upper and | ower surfaces). At |least one (e.g. both) of the two surfaces
of each disk Ili serves as a recording surface for recording data. Heads

(magnetic heads) 12, which are used to 25 read/wite data fronfto each disk
I'l'i (data reproduction/recording), are provided for the respective
recordi ng surfaces of each disk 11i. The 1 8 nunber of disks is not

limted to t“”huﬂ@@rFEE)8§¥k931seﬁHtpP§ﬂl%thté ¢89! erdiSkp®’ mblr 88 or

nore di sks. As shown In FIG 2A, a plurality of servo areas (sefvo

sectors) 110 r@@mﬁéﬁade%1@ndaoglﬁ?$@ 8€6Rr 8kNBhreeSHEf A6ee0hikRe . di sks 1la
and lib discretely at regular ervals in the direction of the

circunference of eagh ghsknl ih. FE@Ch28¢r yopaneallty stokeyvechtreas
information used for, for exanple, head positioning control. A nunber of

concentric trackérﬁdlsacEOf@rnEﬁO1Ba@maeayhekeenddbngeSUhfaeeoaﬁlhbe di sks
1la and lib. A wuser data area is provided between each pair of adjacent
servo arkeas llégrfadei ofl tihesdashsul dki aydolilbddiacsetthysaar rangédr
therein. As shown in FIG 2B, each servo area 110 15 conprises an AGC
section 110a, Inservalsaik tketdbnectioh, o tbevoizevmberromkepisection
110c, a cylinder nunber section 110d and a burst section 110d. The AGCC
each disk 11i., Each servo area 110 stores servo
information used for, for example, head positioning
control. A number of concentric tracks 111 are formed
10 on each recording surface of the disks 1lla and 1lb. A
user data area is provided between each pair of
adjacent servo areas 110, and includes a plurality of
data sectors arranged therein.
As shown in FIG. 2B, each servo area 110
15 comprises an AGC section 110a, a servo mark section
110b, a servo sector number section 110c, a cylinder
number section 110d and a burst section 110d. The AGC
section 110a stores a signal of a predetermined
frequency (AGC signal) used to stabilize the amplitude
20 of a read signal. The servo mark section 110b stores
a special mark (servo mark) for identifying each servo
area 110 (i.e., servo information recorded therein).
The servo mark is used to generate a servo sector
pulse SSP. The servo sector number section 110c
25 stores a servo sector number n (n indicates that each

servo area 110 specified by the servo sector number n

is the n-th servo area on a corresponding track). The
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section 110a stores a signal of a predeterm ned frequency (AGCC signal)

used to stabilize the anplitude 20 of a read signal. The servo mark section
110b stores a special mark (servo nmark) for identifying each servo area
110 (i.e., servo information recorded therein). The servo mark is used to
generate a servo sector pulse SSP. The servo sector number section 110c 25
stores a servo sector nunber n (n indicatgs that each servo area 110
specified by the servo sector nunber n is the n-th servo area on a
corresponding track). The - 9 servo sector nunber is used to specify the

data sector nugpessagbed:PhURBLL! 10lislal 3 Sepikans AthANge » helieen each

servo area 110 and the next servo area 110 on“the me trac e cylinder

nunber sectionngndd®d skoneplaraYhkPder BaRCkaCEWisNGer4RAR indicative
of the cylinder position of the cofresponding track (cylinder) on which

each servo arpat#dni 8atBcabedo AReabunst asecihen nkkie sdraieurddur st dat a.
The burst data is a positional error 10 signal indicative of the positional

error of each 1%erya aheasihe amathe cyhiendsiinbeirs nsin@eal dordiieat es the
error in terns of a waveform anplitude. The cylinder nunber and burst data
are usedsas postoOdostoirefoanayilandéar npodietri qriyidnelaeh doelgd 12 in a target
15 area on a target track. Referring again to FIG 1, each disk lii (i = a,
b) is spun at anflightiépeedfbyhe spilnddermpositicmercd rdfet er referred to as
an "SPM') 13. Each head 12 is attached to a correspondi ng actuator (head
corresponding track (cylinder) on which each servo
area 110 is located. The burst section 110e stores
burst data. The burst data is a positional error
10 signal indicative of the positional error of each
servo area 110 on the cylinder. This signal indicates
the error in terms of a waveform amplitude. The
cylinder number and burst data are used as position
information for positioning each head 12 in a target
15 area on a target track.
Referring again to FIG. 1, each disk 11i (i = a,
b) is spun 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
20 actuator) 14, and can radially move on a corresponding
disk 11i in accordance with the rotation of the
actuator 14. As a result, each head 12 is moved to a
target track. The actuator 14 includes a voice coil
motor (hereinafter referred to as a "VCM") 15 as its
25 driving source, and i1s driven by the VCM 15. The SPM

13 is powered by a driving current (SPM current)

supplied from an SPM driver 16. The VCM 15 is powered



20 actuator) 14, and can radially nove on a corresponding disk 11i in
accordance with the rotation of the actuator 14. As a result, each head 12
is noved to a target track. The actuator 14 includes a voice coil notor
(hereinafter referred to as a "VCM') 15 as its 25 driving source, and is
driven by the VCM 15. The SPM 13 is powered by a driving current (SPM
current) supplied froman SPMdriver .1670The VCM 15 is powered r 10 by a
driving current (VCM current) supplied froma VCM driver 17. In this
enbodi nent, the SPMdriver 16 and VCMdriver 17 are-included in a driver

IC 18 integr ?f%i%rﬁ?&ﬁhwrréhgpweﬁ gg&ggﬂkgega}égwéﬁ i) get\«rom t he

vari abl es) us eterntne respective rrvin ents supplie

SPM driver 16 divdReLFPM 43 andsf eapbuliReNel Shbvepuldri9etnesVehsls.  One
of the control variables is supplied to the SPM driver 16 via a D'A

(Digi tal / Anal ogm c@rvest e17 (B4 1A0148ad andat Rejotherct ggthe VCM driver 17
via a DDA converter 18b. Each head 12 is connected to a head I C 19 nount ed

on a flexible pitegestadr i dbndoahdp ( FPK) cpThg4haaderh€nd8 kwaghudes a read
anplifier and a wite anplifier. 15 The read anplifier anplifies a read

si gnal read by(eonteed dXrihlaless askdcteddbyerhénEPbedpectheewite
anplifier converts wite data into a wite current. The head IC 19 is
connected to arkatigwcteréeélt$ hsupphaédefromf ehee8PModasvar" R6Wtohannel ")
20. 20 The R/'Wchannel 20 executes various signal

the SPM 13 and from the VCM driver 17 to the VCM 15.

One of the control variables is supplied to the SPM

driver 16 via a D/A (Digital/Analog) converter (D/A)

10 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 mounted
on a flexible printed circuit board (FPC). The head
IC 19 includes a read amplifier and a write amplifier.

15 The read amplifier amplifies a read signal read by a
head 12 that is selected by the CPU 24. The write
amplifier converts write data into a write current.
The head IC 19 is connected to a read/write IC
(hereinafter referred to as a "R/W channel") 20.

20 The R/W channel 20 executes various signal
processes. These signal 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 has

25 a function for detecting servo information from a read

signal in accordance with a servo gate pulse generated

by a gate array 21, and a function for transferring
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processes. These signal processes include an A/AD (Anal og/Digital)
conversi on process executed on a read signal, an encodi ng process on wite
data, and a decoding process on read data. The R/'Wchannel 20 has 25 a
function for detecting servo information froma read signal in accordance
with a servo gate pul se generated by a gate array 21, and a function for
transferring - 11 (by, for exanple, serpal transfer) the detected servo
information to the gate array 21. The gate array 21 is an ASIC (Application
Specific Integrated Circuit). The gate array 21 has a 5 function for

detecting a sefyp NBEK &Rah31 8edskpigerveahBkakRLhANgEEaRstar sedvhbrom the
R/ W channel 20 dand generating a servo gate pul se indicative of the

detection timigre&fmdtheomexd seevgataf aepayi on, The gate array 21 also has
a function for generating a 10 servo sector pulse SSP in accordance with

the detection of arkserystenakrayhelsesvansastor (PppsecabRoni S used as an
interrupt signal (servo interrupt signal) to be supplied to the CPU 24 for
each servo (esmwdcsBivolrntegqrdid).CEuctbe), tDRegghecantayy22llhaknal udes a
regi ster (not shown) for holding servo information transferred fromthe
R/ W charinel 20furctidd efomedetgcl2ngsausedvbomtekpopatilipesdt dne sedaba
(wite data) transferred froma host (host systen) using the HDD and to be
witten to eacinthekaporiitrgnsfegred) framdthesB/WochenpelalPl pndlt ore data
(read data) read fromeach disk lii and to be transferred to the host. The
buf fer nenory @enesating a servo gate pulse indicative of the
detection timing of the next servo information. The
gate array 21 also has a function for generating a
10 servo sector pulse SSP in accordance with the
detection of a servo mark. The servo sector pulse SSP
is used as an interrupt signal (servo interrupt
signal) to be supplied to the CPU 24 for each servo
(each servo area 110). Further, the gate array 21
15 includes a register (not shown) for holding servo
information transferred from the R/W channel 20.
A buffer memory 22 is used to temporarily store
data (write data) transferred from a host (host
system) using the HDD and to be written to each disk
20 111 (i = a, b), and also to 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 23 is used to receive
25 commands (a write command, a read command, etc.)

transferred from the host, and has an interface

control function for controlling data transfer between



exarrﬁl e, a RAM (Random Access Menory) as a rewitable nmenory. A disk
controller 23 is used to receive 25 conmmands (a wite conmand, a read
command, etc.) transferred fromthe host, and has an interface control
function for controlling data transfer between p - 12 the host and the

di sk controller 23. The disk controller 23 also has a disk control
function for controlling data transfer Rhetween each disk |lii and the disk
controller 23 via the RRWchannel 20 and the 5 head IC 19, and a buffer
control function for <controlling the buffer nmenory 22. The CPU 24 controls

the entire HOOLAY RoEe! dAACENCYL i EARLEANR o8f amuplorad )i n. for

exanple, a ROM (Read Only Menory) as a nonvolatile nenory. The 10

control eXGCUt@@n@foib@rCEy 84sbnhbydgs dherdonikt 81 ¢ankkqlnexecut ed, using
the disk controller 23, in response to a read/wite command fromthe host,

and posi tioni égnessllohgf @atROSrhhefikRgbe2GRheRdch2daR ka 11kakget track,
etc. The positioning control is 15 executed on the basis of position

informati on (¢ldidtek oonbesvlaasd Dor stiad@ha) RE@ANCAAGS LI 20S@MNO the
information held in the register of the gate array 21, each tinme the gate
array 215 out putsa@ $€riB, sentlon bptifee 88Rtrohe fGRUIt24ni $oeonnected to a
RAM 26 whi ch 20 provides, for exanple, a work area for the CPU 24. Instead
of this configeertrohlingetPUbg4feanmbmorgolRi.gured to contain the ROM 25
and RAM 26. FIG 3 is a block diagramillustrating the
The CPU 24 controls the entire HDD in accordance
with a control program stored in, for example, a ROM
(Read Only Memory) 25 as a nonvolatile memory. The
10 control executed by the CPU 24 includes read/write
control executed, using the disk controller 23, in
response to a read/write command from the host, and
positioning control for positioning each head 12 on a
target track, etc. The positioning control is
15 executed on the basis of position information
(cylinder number and burst data) contained in servo
information held in the register of the gate array 21,
each time the gate array 21 outputs a servo sector
pulse SSP. The CPU 24 is connected to a RAM 26 which
20 provides, for example, a work area for the CPU 24.
Instead of this configuration, the CPU 24 can be
configured to contain the ROM 25 and RAM 26.
FIG. 3 is a block diagram illustrating the
configuration of the gate array (ASIC) 21. The gate
25 array 21 includes a servo mark detector (hereinafter

referred to as an "SM detector") 301 and a counter

302. The SM detector 301 detects a servo mark from



configuration of the gate array (ASIC) 21. The gate 25 array 21 includes a
servo mark detector (hereinafter referred to as an "SM detector”) 301 and a
counter 302. The SM detector 301 detects a servo mark fromr 13 the , N
channel 20' 1011 transferred fromsignal SVp formed servo informat ervo
mar k detection 302 counter a s The and k detection pulses. interval)
bet ween each terval tservo on Pul ses contained of servo mar the in
nmeasures th t servo mark detecti 5WVD in 21 synchroni sm _ajt of ad7acen
tion signal also 5 P nark deter he ate array ed Wegﬁanhﬁlt e’ servo CLK' The
ref with a clock signal I ng reglsterf&lgjngerg |ster incly a firsi- tima
second des 304 and a ter imter" to as quy TOTeEgister,) ed to as
a -1T2 reg ferxe S i a(nherel naf t {q ses 8N herei nafter x03 hol ds' as a
10 servo,dpier °reg|stet ngri7deF%§|ster 3 fr% h802- register"1 305.
time period T1 el%gsbngeéveontalned ces. The €°
and oW ection puls
park det

serve
of interval

meas
¢ ad] acent =]

palt

10

25 gate arre®



uls 'Siod T1- the nmax, detection p time time Peredge of a servo Signal
514D, to the leading SS? is generated. mark detection sig servo sector
pulse 5 ain which a servo as a tinme period the point at 304 hlds, from
The T2 register period Tl elapsing pulse to the |7 Tl)~ the tine k
detection P T2 (T2 servo mark is eading edge of a servo sector Pul se ervo
interval | tinme point at which a (stet 3@5 holds a s in 20 ti The ST
rester assuned an generated. al) TS tTs T2) e in the (ideal servo
intervch there is n Chang xunut of ideal state in whi each disk 111 and no

.rotational speed daidgddn) ra@achadegsodliidnftr588to! PaLUdeg1a | owerred
to as a 25 e The gate array 2 thereinafter refer servo interval register -

14 "T3 regi st¥gist306, (rdrdidReftdt NérSLFYQ tHt gEVAl "Thegbgl8ter)
(hereinafter referred to as a "T4 register”) 307, a real servo interval

regi ster (hergomfterredefasres ivcasvald r&plstegi sherelndBBeand a 5
synchroni zation circuit 309. The T3 and T4 registers
referred to as an "RSI register") 308 and a
5 synchronization circuit 309. The T3 and T4 registers
306 and 307 hold a lower-limit servo interval T3 and
an upper-limit servo interval T4, respectively, which
are set in light of the case where there is a change
in the rotational speed of each disk 11i or runout of
10 each disk 11li. The RSI register 308 holds a servo
interval (real servo interval) Ts' measured by the
counter 302. The synchronization circuit 309
generates a timing signal indicative of a time point
at which the real servo interval Ts' is held in the
15 RSI register 308, on the basis of the servo mark
detection signal SMD and the clock signal CLK.

The gate array 21 further includes a correction
circuit 310 and a correction timing regisfer
(hereinafter referred to as a "CT register") 311. The

20 correction circuit 310 corrects the time period T2 on
the basis of the ideal servo interval Ts and the real
servo interval Ts', thereby generating a corrected
time period T2'. The CT register 311 holds the time
period T2' corrected by the correction circuit 310.

25 The gate array 21 yet further includes comparators
(CMP) 312, 313 and 314, an AND gate 315, an OR gate

316 and an SSP (servo sector pulse) generator 317.



306 and 307 hold a lower-limt servo interval T3 and an upper-limt servo
interval T4, respectively, which are set in light of the case where there
is a change in the rotational speed of each disk lii or runout of 10 each
disk lii. The RSI register 308 holds a servo interval (real servo
interval) Ts' neasured by the counter 302. The synchronization circuit 309
generates a timng signal indicative of astipme point at which the real
servo interval Ts' is held in the 15 RSI register 308, on the basis of the
servo mark detection signal SMD and the clock signal CLK. The gate array

21 further incjpleSomSRLESEIEPN cGhpaHLs B8 aRdn? ¢aNLEChiFORKEI M ng
register (hereinafter referred to as a "CT register"”) 311. The 20

correction cirgilidtSdBePryeehsthbevhiae perbedehé on rthesbasi sogf the
i deal servo interval Ts and the real servo interval Ts', thereby

generating a ciid egdfshrdto® PEBi 66mgares TBReCEonagi sheue3dE hakds the tine
period T2' corrected by the correction circuit 310. 25 The gate array 21
yet further incduthesr cobpawbtioreith€MPrh812a1883Tandf3t4e @@ AND gate 315,
an OR gate 316 and an SSP (servo sector pul se) generator 317. - 15 The
conpar atior 31rephpees3@heorotiné value BR't hé tbeufferegd2teirt Rliihe val ue
Tl of the Ti register 303. The conparator 313 conpares the count val ue of
the counter 302 adcthréddntervwible gabuegnd2 ofitphé fZoB ithgi sc@pazesosr the
value T2' of the CT register 311 in accordance with a_signal output from

t he conparat or31814. T ecenpptr 8@br 334 4ceBRparEs thRe Vadrge TFS' Of LhRe

RSI register 308 with the value of T3 of the T3
register 306 and also with the value T4 of the T4

10 register 307. The AND gate 315 receives the
comparison result of the comparator 313 and an enable
signal EN output from the CPU 24. The OR gate 316
receives the output of the AND gate 315 and the
comparison result of the comparator 312. The SSP

15 generator 317 generates a servo sector pulse SSP in
accordance with a signal output from the OR gate 316.
The comparators 312 and 313, AND gate 315, OR gate 316
and SSP generator 317 form an SSP generating section
318 for generating a servo sector pulse SSP on the

20 basis of the time period T1l, and generating a servo
sector pulse SSP on the basis of the time period T2 or
the corrected time period T2'.

Referring then to the timing charts of FIGS. 4A

to 4C, 5A to 5C and 6A to 6C, a description will be

25 given of the operation of the HDD shown in FIG. 1,
which is executed, in particular, when generating

sector pulses using the gate array 21. Suppose that



"RSI ?egister 308 with the value of T3 of the T3 register 306 and also with
the value T4 of the T4 10 register 307. The AND gate 315 receives the
conparison result of the conparator 313 and an enable signal EN out put
fromthe CPU 24. The OR gate 316 receives the output of the AND gate 315
and the conparison result of the conparator 312. The SSP 15 generator 317
generates a servo sector pulse SSP in- ageordance with a signal output from
the OR gate 316. The conparators 312 and 313, AND gate 315, OR gate 316
and SSP generator 317 forman SSP generating section 318 for generating a

servo sector pPHsS&SIHhOMEdEs 202 ?ﬁ&&i@édthért@:a@péét'&@é fdcoahing
generating a servo sector pulse SSP on the basis of the tine period T2 or

the corrected sumtadqees iofl T%e .dRekerriagahdeniboithseleoteg vhathe of FIGS.
4A to 4C, 5A to 5C and 6A to 6C, a description will be 25 given of the
operation of tdr HRD wiwwhe nhéddh 1A, 19%hi chhéshexdcl2edeleotpdrbiycul ar,
when generating sector pulses using the gate array 21. Suppose that c i 16
one of the heddse XPprdAixeads oinfespetionemagnetilcallysuetardsedodbnt he
disks Ila and IIb is selected by the CPU 24 via the head IC 19. The head
12 sel efted by cderasmordingadescondongasibfacagnét fcabkyespendiled on 5 a
correspondi ng recordi ng surface of a corresponding disk Ili (i is a or b),
and converts idigktblian(i el®cdroedr) si gndl comveste| et inkalasignal, i.e., a

signal (read signal) read fromthe corresponding_disk .
electrical signal. This electrical signal, i.e., a

signal (read signal) read from the corresponding disk
11i by the head 12, is amplified by the head IC 19 and
10 input to the R/W channel 20. The R/W channel 20 also
inputs a servo gate pulse that is contained in a servo
gate signal output from the gate array 21 and is
output at a time point corresponding to the position
of a corresponding servo area 110. The R/W channel 20
15 executes gain control and phase acquisition based on a
signal (AGC signal) contained in the AGC section 110a
of the read signal output from the head IC 19. After
that, the R/W channel 20 sequentially detects, from
the read signal, information of the servo mark section
20 110b, servo sector number section 110c, cylinder
number section 110d and burst section 110e, i.e., a
servo mark, a servo sector number, a cylinder number
and burst data. The R/W channel 20 transfers, to the
gate array 21, servo information including the
25 detected servo mark, servo sector number, cylinder
number and burst data.

The servo mark detector 301 in the gate array 21



N by the head 12, is anplified by the head IC 19 and 10 input to the RIRW
channel 20. The R/'Wchannel 20 also inputs a servo gate pulse that is
contained in a servo gate signal output fromthe gate array 21 and is
output at a tinme point corresponding to the position of a corresponding
servo area 110. The R/'Wchannel 20 15 executes gain control and phase
acquisition based on a signal (AGC signal;) contained in the AGC section
110a of the read signal output fromthe head IC 19. After that, the RW
channel 20 sequentially detects, from the read signal, information of the

servo mark secidi-29 tlﬁ@bseis@évﬂa?k?céé?ﬁté‘i'ﬂgér :Lﬁe‘éhéoge%%gc cyl i nder
nunber section 110d and burst section 110e, i.e., a servo mark, a servo

sector number ,iror Syhd 108 HEERSferpld PHE® tHat a/wasaRAE\iCB@nnshdZO
transfers, to the gate array 21, servo information including the 25

detected servoumidss Saers/@rﬁ@czﬁ@fknd@b@eti@xylpﬁmgé whilghet saRdlghur st dat a.
The servo mark detector 301 in the gate array 21 PPPP 17 detects the
servo mark contlaogied 11"} hBoseswby a&npoedatesmihednsimer pdriovdnetherR/ W
channel 20, and outputs a servo mark detection pulse which is high (logic
"1") fos only theoradsterivmedf tthhe pervodmatker 5nt behdet worden bhet he
servo mark. In other words, the servo mark detector 301 outputs a servo
mar k det ecti orseynd searhcheteéprort 30kt estBubssar sermarkark dekeotion

information. A servo mark detection signal SVD formed of a string of servo
mar k det ecti Om@m%@a@yt@meﬂc@n@letects a servo mark in servo

information. A servo mark detection signal SMD formed
of a string of servo mark detection pulses output from
10 the servo mark detector 301 is supplied to the counter
302 and synchronization circuit 309. On the other
hand, the servo information transferred from the R/W
channel 20 to the gate array 21 is held in a register
(not shown) incorporated in the gate array 21, until
15 the next servo information is transferred thereto.
The counter 302 of the gate array 21 executes a
counting operation in synchronism with each clock
(clock pulse) of the clock signal CLK. The counter
302 stops its counting operation when the level of the
20 servo mark detection signal SMD from the servo mark
detector 301 becomes high, i.e., when the servo mark
detector 301 outputs a servo mark detection pulse. At
this time, the count value of the counter 302 1is
latched by the RSI register 308 at a time point set by
25 the synchronization circuit 309. The time point set
by the synchronization circuit 309 corresponds to the

output timing of that clock of the clock signal CLK,



10 the servo mark detector 301 is supplied to the counter 302 and

synchroni zation circuit 309. On the other hand, the servo information

transferred fromthe RRW channel 20 to the gate array 21 is held in a

register (not shown) incorporated in the gate array 21, until 15 the next

servo information is transferred thereto.
array 21 executes a

The counter 302 of the gate
counting operation iyg synchronismw th each cl ock

(clock pulse) of the clock signal CLK. The counter 302 stops its counting
operation when the Ievel of the 20 servo mark detection signal SVMD fromthe
servo mark defRCERr i304uLBaRNMEAMBHY AL el v ar tWHER HEN G REAMO JRarK det ector

301 outputs a servo mark detection pulse” At this tine, the count val ue of
the counter 302etdo HatebedoRyplingeREkome@het &k r308 milr k@ ddtE @i Nt set by
25 the synchronization circuit 309. The tine point set by the
synchroni zati oBOTi r ché 368neekr 85pRONES rk@etthén @ froidm @ iah that cl ock
of the clock signal CLK, 18 which is output immediately after the output
of a servo detecpudnoputhe heam thecker therebly adelseationg i¥@l. The counter

302 is reset

resum ngb i ts Sceoenmhinggoppeaatioon. [n other words, the cownter 302

measures the tinme each tine the servo nark detector

in synchronismw th the output of the next clock, thereby

301 outputs a servo

mar k det ecti omeaseeesThber bame sachotiineeithal seggyiosmer k2 t2tedtds t he tinme

measured between two continuous servo mark detection pulses, 10 i.e.

t he

actual |y measu?@l SeEpBtPnhepgaroTHarkTREtESHBONAPOLSBL2 dhepaedd t he count

val ue of

10

15

20

25

servo interval register 212 holds the time measured
between two continuous servo mark detection pulses,
i.e., the actually measured servo interval Ts'.

The comparator 312 compares the count value of
the counter 302 with the value Tl of the Tl register
303. If they are identical to each other, the
comparator 312 outputs a signal of a high level (logic
"1") indicative of the fact. The output signal of the
comparator 312 is input to the OR gate 316.
Accordingly, the output of the OR gate 316 is high
when the count value of the counter 302 is identical
to the time period Tl. The SSP generator 317 outputs
a servo sector pulse SSP when the level of the output
of the OR gate 316 has become high. The servo sector
pulse SSP is supplied to the CPU 24 and serves as a
servo interrupt signal.

Thus, in the embodiment, each time the servo mark
detector 301 detects a servo mark, and the servo mark
detection signal SMD is high for a predetermined time

period as shown in FIG. 4B, 5B or 6B, i.e., each time



the counter 302 with the value Ti of the Ti register 303. If they are
identical to each other, the conparator 312 outputs a signal of a high

| evel (logic 15 "1") indicative of the fact. The output signal of the
conparator 312 is input to the OR gate 316. Accordingly, the output of the
OR gate 316 is high when the count value of the counter 302 is identical
to the tinme period Ti. The SSP generat-or IH7 -out puts 20 a servo sector
pul se SSP when the level of the output of the OR gate 316 has becone hi gh.
The servo sector pulse SSP is supplied to the CPU 24 and serves as a

servo interrupt segwal mafhupulise #he e1bedi MENts RARpUH, M tfgwwLrvo nark
25 detector 301 detects a servo mark, and the servo nmark detection signal
SWMD i s high foseatpregefeenis@disi watpper whénashehawmd pddied 48, heB or 6B
i.e., eachtime 1 1 - 19 a servo mark pulse 41, 51 or 61 is output, a
servo sector phapeedsSPitsrothpubtutiben bife thiensepan akrk tdse,elaapsed
after the output of the servo mark pulse, as shown in FIG 4C, 5C or 6C 5
When the servoShavR #8t E&Ber 48015Raoro®Cput a servo mark detection pul se,
the RSI register 308 |atches the interval between the servo mark detection
pul se aml the preceliPgg §BEvEeHIPKk N@etesateston S91 hase qutphe (@reasur ed)
real servo interval Ts'. The 10 conparator 314 conpares the value Ts' of
the RSl regi steFVR0BaHKt AetRELFQPUBUTSSof thReRB3 regilster 398 al so with

the value T4 o he T4 reqgister 307, |f
1a£ches tﬁegln%erva between the servo mark detection

pulse and the preceding servo mark detection pulse,
i.e., the (measured) real servo interval Ts'. The
10 comparator 314 compares the value Ts' of the RSI
register 308 with the value T3 of the T3 register and
also with the value T4 of the T4 register 307. If
Ts' < T3 or Ts' > T4, the comparator 314 outputs a
signal of a high level (logic "1") indicating that the
15 time period T2 should be corrected, i.e., that the
time period T2' obtained by correcting the time period
T2 should be used. Suppose here that Ts < T4 = T2.
Further, if neither Ts' < T3 nor Ts' > T4, i.e., if
T3 = Ts' = T4, the comparator 314 outputs a signal of
20 a low level (logic "O0") indicating that it is not
necessary to correct the time period T2, i.e., that
the time period T2 should be used.
Supposing here that T3 = 0 and T4 = Ts (the ideal
servo interval), the comparator 314 outputs the signal
25 of the high level (logic "1"), if Ts' > Ts, i.e., if
the measured servo interval Ts' is longer than the

ideal servo interval Ts. Further, supposing that



'Ts' < T3 or Ts' > T4, the conparator 314 outputs a signal of a high |evel
(logic "1") indicating that the 15 time period T2 should be corrected,

i.e., that the tine period T2' obtained by correcting the time period T2
shoul d be used. Suppose here that Ts < T4 < T2. Further, if neither Ts' <
T3 nor Ts' > T4, i.e., if T3 s Ts' S T4, the conparator 314 outputs a
signal of 20 a low level (logic "0")-indpcating that it is not necessary
to correct the tine period T2, i.e., that the tine period T2 should be
used. Supposing here that T3 = 0 and T4 = Ts (the ideal servo interval),

the conparatorp 314 Pyt pupsy tahfﬁi spgnalrs 215 8T tQ%eh'cQJﬁtﬂa‘%é@or( lpgic "1%), if
Ts' > Ts, i.e., if the neasured servo interval Ts' s | onger than the

i deal servo i dedpidts Tshe FULENLT , o SUPREShDGht Date20 (183ic F8my,Alfand T4 =
Ts + AT, the conparator 314 outputs the signal of the hi gh Ievel (logic

"1"), if Ts (T8 ¢TH J)Aar) & Ts(Ts ¢(TAA)ATA.T iAdi ¢atesagesmaxi mum

al l owabl e change in the servo interval. 5 The correction circuit 310
corrects the wasiamidi? abIovdleld2chengst én 80d sartvheihasikgadf the val ue Ts
of the RSI register 308 and the value Ts of the SI register 305, each tine
the RSI &egister 30Bh¢atehesctibe rcéakbuser 300i ppereatsTshe vhdueb§?2
obtaining the 10 corrected tine period T2'. The correction circuit 310
executes this @%Jthﬁeﬁ?ohe@8$hgrt364f©nlbhﬁngaSGQUaﬁléhe(YPlu¢2TSL T2 * Ts'

[Ts (1) The equatlon él) may be reBIaced with the
of the RSI reglster 308 and the value Ts of the SI

register 305, each time the RSI register 308 latches
the real servo interval Ts', thereby obtaining the
10 corrected time period T2'. The correction circuit 310
executes this calculation using the following
equation (1):
T2' = T2 * Ts'/Ts (1)
The equation (1) may be replaced with the
15 following equation:

T2' = T2 + (Ts' - Ts)

Thus, the correction circuit 310 corrects the
time period T2 on the basis of the degree of
displacement of the real servo interval Ts' from the

20 ideal servo interval Ts (the ratio Ts'/Ts or the
difference Ts' - Ts), thereby generating the corrected
time period T2'. The CT register 311 holds the
corrected time period T2',.

The comparator 313 compares the count value of

25 the counter 302 with the value T2 of the T2 register
304 if the output signal of the comparator 314 is low,

i.e., if it is not necessary to correct the time



'15 followi ng equation: T2' = T2 + (Ts' - Ts) Thus, the correction circuit
310 corrects the tine period T2 on the basis of the degree of

di spl acenent of the real servo interval Ts' fromthe 20 ideal servo
interval Ts (the ratio Ts'/Ts or the difference Ts' - Ts), thereby
generating the corrected tine period T21. The CT register 311 holds the
corrected tine period T2'. The conparatogq 313 conpares the count val ue of
25 the counter 302 with the value T2 of the T2 register 304 if the output
signal of the conparator 314 is low, i.e., if it is not necessary to

correct the t?@lodmmoerllqd Tc% ﬂﬁe @Ehéﬁ‘%aq{d‘ertﬁ@r@ufto ol Ipé,l_-E si gnal

of the conparator 314 i's hidh, necessar rect the

time period T2rf tthe AR AIH 3’31]4’3 LOadies 4 he, coyfltlﬁ/aiye of the counter
5 302 with the value T2" of the CT register 311. 1f the ‘conparison result

i ndi cat es t hahdd@sealwas e rddentieaind wacio®thef  thde conparator 313
outputs a signal of a high level (logic "1") indicative of the fact. As

is evident freondeealave3ls3 fednisa sy Wharesdur) el wetof S04 eeteeds t he
next servo mark before the count value of the counter 302 reaches T2 or
T2', thé coustter w3dd ithe eseluarkl ¥ esft artted;T anshteinee 3hkere I8 the
possibility of the conparator 311 outputting a signal indicating that the
conpar ed val uesmgegisks imentlittalndicaash Widterthd wvaolbes awe ds, the
conparator 311 outputs the signal indicating that the
identical to each other, the comparator 313 outputs a
signal of a high level (logic "1") indicative of the
fact. As is evident from the above, if the servo mark
10 detector 301 detects the next servo mark before the
count value of the counter 302 reaches T2 or T2', the
counter 302 is reset and restarted, and hence there is
no possibility of the comparator 311 outputting a
signal indicating that the compared values are
15 identical to each other. In other words, the
comparator 311 outputs the signal indicating that the
compared values are identical to each other, only when
the servo mark detector 301 does not detect the next
servo mark, even if the count value of the counter 302
20 reaches T2 or T2'.
The output signal of the comparator 313 is
supplied to the AND gate 315, together with the enable
signal EN. The enable signal EN is set at high (logic
"1") in the cases other than immediately after head
25 selection, described later. In this case, the AND

gate 315 directly supplies the output signal of the

comparator 313 to the OR gate 316. As a result, the



conpared values are identical to each other, only when the servo mark
detector 301 does not detect the next servo mark, even if the count val ue
of the counter 302 20 reaches T2 or T2'. The output signal of the
conparator 313 is supplied to the AND gate 315, together with the enable
signal EN. The enable signal ENis set at high (logic "1") in the cases
other than immedi ately after head 25 selegtioen, described later. In this
case, the AND gate 315 directly supplies the output signal of the
conparator 313 to the OR gate 316. As a result, the 22 output of the OR

gate 316 is highcpherot hehgopRagater31813shasqHelaehednthabmpieganpar ed
values are identical to each other, and in t%e normal state in which the

enabl e si gnal £ ikadi gbtedben thetothdutohphengl valutBeaOR gate 316 has
become high, the SSP generator 317 generates a servo sector pulse SSP. As

descri bed aboviedentnitd® eobedcheatherf Isd ihrenk fermali Btaewakn < T3 or
Ts' > T4, when the count value of the counter 302 has cone to be identical
to 10 the corvkitkedthée nengeieodid?d] EN is degkr m Wednt hat onepservo nark
has been detected, thereby generating a pseudo servo sector pulse SSP. On
the ot her handievel aB &hgsOR<ggue Jhenhahebeocome habhe dhet BEPcounter 302
has cone to be identical to the tinme period T2, it 15 is determned that no
servo mark hasIenReyfe e et ddgenehetedya gepeyat sagtarppelde §6Pvo sector
pul se SSP. A description wil|l now be given of the advantage of sw tching
the time period fr T9egprybedpbaye, in the embodiment, if Ts'

(real servo interval) < T3 or Ts' > T4, when the count
value of the counter 302 has come to be identical to

10 the corrected time period T2', it is determined that
no servo mark has been detected, thereby generating a
pseudo servo sector pulse SSP. On the other hand, if
T3 £ Ts' £ T4, when the count value of the counter
302 has come to be identical to the time period T2, it

15 is determined that no servo mark has been detected,
thereby generating a pseudo servo sector pulse SSP.

A description will now be given of the advantage
of switching the time period from T2 to T2' after
which a pseudo servo sector pulse is output, if Ts'

20 (real servo interval) < T3 or Ts' > T4. In an HDD in
which servo information items are recorded on each
disk 11i at regular intervals in the direction of the
circumference of each disk, if there is no change in
the rotational speed of each disk or no runout of each

25 disk, servo marks contained in the respective servo
information items are detected at regular intervals of

Ts' equal to the ideal servo interval Ts. 1In other



| =

whi ch a pseudo servo sector pulse is output, if Ts'" 20 (real servo
interval) < T3 or Ts' > T4. In an HOD in which servo information itens are
recorded on each disk lii at regular intervals in the direction of the
circunference of each disk, if there is no change in the rotational speed
of each disk or no runout of each 25 disk, servo marks contained in the
respective servo information itens are dagtected at regular intervals of

Ts' equal to the ideal servo interval Ts. In other - 23 words, the rea
servo interval Ts' is identical to the ideal one Ts, as shown in FIG 4B.

In this state,yosypposket bahle¥epybl 1hPEreoUNTEF 3Q2;:ARATYERT 2ol kAR
period, identical to the tinme period T2, after the 5 detection of a servo

detection pul spdd21ion&l Gs, 4Bs BRownexh SeEVo4BRr K1hstHekegkadand
therefore no next servo mark detection pulse 43 is output. In this case,

as shown in Fl&3Hpdse atdadCevanservohseeabohtepubse RSRsugegUEPHEmat a tine
point the tinme period T2 10 after the output of the | eading edge of the
servo mark deteciodn pdéseidll H2 tkeseimatparhbghep,valfuert hae Ts.
Accordingly, in the enbodi nent, there is no danger of the next servo mark
det ecti on pul stedschidmgof oat patrvaf detethitogepetakci 8 ah &ISer ¥B, saot or
pulse 15 SSP at a tinme point the tinme period T2 after the output of the

| eadi ng edge oteXhesgrygonankkidedetecbad pufsthézefThnesnpennstt hat there
is no danger of two servo sector pulses SSP being output for one servo
(servo infor me$®YC iReRk. dobeckhian meisal 4BDbs Avhever, Thetbésvo intervals

case, as shown in FIGS. 4B and 4C, a servo sector
pulse SSP is output at a time point the time period T2

10 after the output of the leading edge of the servo mark
detection pulse 42. T2 is set at a higher value than
Ts. Accordingly, in the embodiment, there is no
danger of the next servo mark detection pulse 43 being
output after the generation of a servo sector pulse

15 SSP at a time point the time period T2 after the
output of the leading edge of the servo mark detection
pulse 42. This means that there is no danger of two
servo sector pulses SSP being output for one servo
(servo information item).

20 In an actual HDD, however, the servo intervals
vary due to changes in the rotational speed of each
disk 11i or runout of each disk 11i. Accordingly, the
real servo interval Ts' may be displaced from the
ideal servo interval Ts. Suppose here that the servo

25 interval Ts' has become longer than the time period T2
(T2 > Ts), as shown in FIG. 5B or 6B (Ts' > T4). 1In

this state, suppose that the next servo mark is not
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vary due to changes in the rotational speed of each disk lii or runout of
each disk lii. Accordingly, the real servo interval Ts' may be displ aced
fromthe ideal servo interval Ts. Suppose here that the servo 25 interva
Ts' has becone |onger than the tinme period T2 (T2 > Ts), as shown in FIG
5B or 6B (Ts' > T4). In this state, suppose that the next servo mark is
not - 24 detected and hence the next-se2¥o wark detection pulse 53 is not
out put, even after the counter 302 neasures a tine period, identical to
the corrected tinme period T2', after the output of the | eading edge of a

servo 5 mark deftecideah nd Seerivh fe irfe:8h3ervd fd £k dB:edtiohhpsidene, in
this enbodinent, a servo mark sector pulse SSP is output at a tine point
the tinme peri @3 iE'naf tertgute astgrutatfert hchd easlimige e dP@2 afed bersser vo
mar k detection pulse 52, as is shown in FIGS. 5B 10 and 5C. On the other
hand, when the rexte gEnimdaridestidels theerhoutqutededdreindepeniodct ed
tinme period T2' elapses after the output of the | eading edge of a servo
mar k det ecti oTJul LB, thsauwpweabripl adhESHdaisefl anseteot i me
period T2' is not generated, as is shown in FIGS. 6B and 6C. However, if,
as in tRe pri@rkdetecttian Pslag 012 pusel SSHeWN gehef B¢ eddB®Bn  Athe basi s
of the time period T2 that is not corrected, the pulse SSP is generated at
a tinme point tHeS itiE0 Perbvie Prkgdidienthe & T8V AdRkE HetRREPHN pul se 62,
before the outpuyt of the servo mark detection pulse 63, In thjs case,

anot her servogﬂéﬁﬁnsﬁﬁn%ﬁaQH§@9§;at a time point the time period

T2' after the output of the leading edge of the servo
mark detection pulse 52, as is shown in FIGS. 5B
10 and 5C.

On the other hand, when the next servo mark 63
has been output before the corrected time period T2'
elapses after the output of the leading edge of a
servo mark detection pulse 62, a servo sector pulse

15 SSP based on the time period T2' is not generated, as
is shown in FIGS. 6B and 6C. However, if, as in the
prior art, a servo sector pulse SSP is generated on
the basis of the time period T2 that is not corrected,
the pulse SSP is generated at a time point the time

20 period T2 after the servo mark detection pulse 62,
before the output of the servo mark detection pulse
63. In this case, another servo sector pulse SSP is
also generated at a time point the time period T1
after the output of the servo mark detection pulse 63.

25 In other words, two servo sector pulses SSP are
generated for one servo. However, as described above,

the embodiment employs, the corrected time period T2',
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'also'generated at atime point the time period Ti after the output of the
servo mark detection pulse 63. 25 In other words, two servo sector pul ses
SSP are generated for one servo. However, as described above, the

enbodi ment enpl oys, the corrected tine period T2', 25 i.e., T2 * Ts'/Ts or
T2 + (Ts' - Ts), in place of the time period T2, which prevents the
generation of two servo sector pulses SpR for one servo. In other words,
in the enbodi ment, the influence of changes in 5 the rotational speed of a
di sk or runout of the disk can be mnimzed by generating a servo sector

pul se  SSP_usiing, theroof rept ok tdfrerpef | o T21 145, 2k ostlte of SEEVO

sector pulse SSP, corresponding to a position at which a servo nark is

esti mat ed to exipst ,péﬁrbcperzl,o 13050434 %@v%t@% i é‘ér‘xé’r@ﬁié@%f agybnterval s,
even if the servo nmark is not detected. In addition, even if the servo

interval is | qugefo tdedtdhepildds P8P ofbd ondesarse. of 1R efrEge in the
rotational speed of a disk or runout of the disk, the generation of two

servo 15 sect aforul Seish SR feanbaineet v o leani el wancsest chihgss in
Modi fication] A nodification of the enbodinent will now be described. In
t he abo®e- desdrtheesbtenthioshaikedpedd ofenedbsle dherseowio sctloe pidlse SSP,
the time period 20 T2 or the corrected tine period T2' is used dependi ng
upon t he conpararsdre meisuini z¥d the gempaating Sldebasesecoortpel seal servo
interval Ts'. On the other hand, in the first nodification, the corrected
time period TBSP jusinadihe wsatredted Hi snepkriedtTdh, iAs Te' resgbt,
a servo sector pulse SSP, corresponding to a position
at which a servo mark is estimated to exist, can be
10 generated substantially at regular intervals, even if
the servo mark 1s not detected. In addition, even if
the servo interval is longer than the time period T2
because of a change in the rotational speed of a disk
or runout of the disk, the generation of two servo
15 sector pulses SSP for one servo can be avoided.
[First Modification]
A modification of the embodiment will now be
described. 1In the above-described embodiment, to
generate the servo sector pulse SSP, the time period
20 T2 or the corrected time period T2' is used depending
upon the comparison result of the comparator 314 based
on the real servo interval Ts'. On the other hand, in
the first modification, the corrected time period T2'
is always used. In this modification, if Ts' = Ts,
25 T2' = T2. This modification does not require the T3
register 306, T4 register 307 and comparator 314,

which are encircled by the broken line 320 in FIG. 3.
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25 T2' = T2. This nodification does not require the T3 register 306, T4
regi ster 307 and conparator 314, which are encircled by the broken |ine
320 in FIG 3. 26 Further, it is sufficient if the conparator 313 al ways
conpares the count value of the counter 302 with the value T2' of the CT
regi ster 311, irrespective of the value of the real servo interval Ts'.
Accordingly, a 5 transmssion line foar treansmtting T2 fromthe T2

regi ster 304 to the conparator 313, denoted by reference nuneral 321 in
FIG 3, is not necessary, either. [Second Mdification] 10 Referring then

to the tining_?ﬁ@fhérff ikl 68 shhrik9ehE aRdLBA E@m%gma%o§e@Q@daqﬂgb%'Cat'on
of the enbodi ment w be described. In the above enbodiment, if the

servo mark detechpard8ltHeesonat veeuecbrather ¢oufelkr 30 mgm@etdges not
output a servo 15 mark detection pulse, a servo sector pulse SSP is

generated on thelhasT'obft bhet CTerpglicdrT3119r i¥f2espeatiike eifhehehand, in
the second nodification, if the real servo interval Ts' l|atched by the S
regi ster 305 tVallis ofit shderaajprssetvoalihteabbhé Fervo Raterddhgignge, 20 the
generation of a servo sector pulse SSP based on the corrected tine period
T2' el apsing ftoanshéssweaslisrefibrotr@gsmistinki B2t ddomThdel GRer and upper
limts of the servo interval range are T3 and T4, respectively. In the
figures, Ts'b repietent 304 teathescompasataredlal Wenotkat byvalls out si de

the servo interval range. Accordingly, Ts'b < T3 or Ts'b > T4.
reference numeral 321 in FIG. 3, is not necessary,

either.
[Second Modification]

10 Referring then to the timing charts of FIGS. 7A
to 7C and 8A to 8C, a second modification of the
embodiment will be described. In the above
embodiment, if the servo mark detector 301 does not
detect a servo mark and hence does not output a servo

15 mark detection pulse, a servo sector pulse SSP is
generated on the basis of the time period T2' or T2.
On the other hand, in the second modification, if the
real servo interval Ts' latched by the SI register 305
falls outside a preset allowable servo interval range,

20 the generation of a servo sector pulse SSP based on
the corrected time period T2' elapsing from the
measurement of Ts' is inhibited. The lower and upper
limits of the servo interval range are T3 and T4,
respectively. In the figures, Ts'b represents a real

25 servo interval Ts' that falls outside the servo
interval range. Accordingly, Ts'b < T3 or Ts'b > T4.

Further, T2'b represents a corrected time period T2'
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'FurtHer, T2'b represents a corrected tine period T2' 27 assuned upon the
measurenent of Ts'b. In this case, as shown in FIGS. 7B and 7C, the
generation of a servo sector pulse SSP is inhibited at a tine point the
corrected tine period T2'b after the neasurenent of 5 the real servo
interval Ts'b. Thus, in the second nodification, if the real servo
interval falls outside the allowable_sepyo Lnterval range, the generation
of a servo sector pulse based on T2 or T2' is inhibited. As a result, the
generation of a servo sector pul se 10 SSP at an abnormal tine point due to

erroneous detfgéﬁﬂg Pg% gﬁ% @g£¥ﬁréﬂég£vgk @gsgd o eEB?QeEH%ﬁ det ection

of a servo mar can In the case shown I n 7A to

7C, the generéélgmom ﬁnswg@ S?ﬁtQﬁ pvtsetﬁe% EH@rEE%npS”f' dgelpoT2'b

after the real servo interval Ts'Db, |ch falls outS| e the all owabl e servo

interval raHQGSeéﬁorn§@§§ée§SPslsnbhHibEQedFQﬂeaeﬁlmésgghﬁﬁﬂthE FIGS. 8A
to 8C, it may be determ ned whether or not the generation of a servo

sector pul se S&brisctedi bimedpe2fo@nTbhe Hases eheameaslirsfeve baterval
Ts'a nmeasured before, e.g. imediately before, Ts'b. In this case, only

if the @evioushy reasusedvdsintéalhy Teubsi dehtube s$arvhel skebual range
like Ts'b, the generation of a servo sector pulse SSP the tine 25 period
T2 or T2'b af treodifiecaktihsny eirénthef rdslbsesvoi hhitbrtired. f&hl1sheubshde hand,
if the previously neasured 28
the allowable servo interval range, the generation of
a servo sector pulse based on T2 or T2' is inhibited.
As a result, the generation of a servo sector pulse
10 SSP at an abnormal time point due to erroneous
detection of a real servo interval based on erroneous
detection of a servo mark can be inhibited.
Thus, in the case shown in FIGS. 7A to 7C, the
generation of a servo sector pulse SSP the time period
15 T2'b after the real servo interval Ts'b, which falls
outside the allowable servo interval range, is
measured 1s inhibited. However, as shown in FIGS. 8A
to 8C, it may be determined whether or not the
generation of a servo sector pulse SSP is inhibited,
20 on the basis of a real servo interval Ts'a measured
before, e.g. immediately before, Ts'b. In this
case, only if the previously measured Ts'a falls
outside the servo interval range like Ts'b,
the generation of a servo sector pulse SSP the time
25 period T2 or T2'b after the measurement of Ts'b is
inhibited.

On the other hand, if the previously measured
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Ts'a'falls within the servo interval range, a servo sector pulse SSP is
generated a tine period T2'a after the nmeasurenent of Ts'b, as shown in
FIGS. 8B and 8C. The tine period T2'a corresponds to T2' in the above 5
enbodi ment, and is obtained by correcting T2' using Ts'a. That is, in the
second nodification, even if the real servo interval falls outside the

al l owabl e servo interval range, if the pgal _servo interval neasured

i mredi ately before the first-nentioned real 10 servo interval falls within
the all owable servo interval range, a servo sector pulse nmay be generated

using the ti ”BIQ%inlirg'wfé’MﬁC\EﬁQ Qé"r\trgej[ﬁ@éiﬁa?f rahgs Sgrygyi,gterval

falling within the servo interva range. IS prevents & servo sector

pul se SSP fronadé: beipgn senespt £d §&naPaBOAOL MBEmbi ﬁwﬂogu‘fzﬁs_ geEgpeous

detection of a real servo interval “caused by erroneous etection o

servo mark. Astige neSidlireB@itOosetsop, 24l SEowdPihSraener ahednat g@, correct
timng. In the second nodification, I1f the real servo interval Ts'b 20

falls wthin tihee at {maabéei S€rYR' AnESFva@bpbaageto et hen the hbsgeperiod T2
or T2'b (corresponding to T2' in the above-described enbodi nent) may be
used to 5 generailodimaiyp SedtDs phtsenSSPowheortbet srgvo2'iakenyal Ts'b
has been neasured. 25 [Third Modification] Referring nowto the timng
charts of FlI GXs %A t AdTh®D, ig, t hnr thevsec¢ovdtmodibicahtonppbedeneht will be -
29 described. In the above enbodi nent, no consideration is given to the
fact that headtheleeal ocveleni ietenyyl falls outside the allowable

servo interval range, if the real servo interval
measured immediately before the first-mentioned real

10 servo interval falls within the allowable servo
interval range, a servo sector pulse may be generated
using the time period T2' corrected on the basis of
the servo interval falling within the servo interval
range. This prevents a servo sector pulse SSP from

15 being generated at an abnormal timing due to erroneous
detection of a real servo interval caused by erroneous
detection of a servo mark. As a result, servo sector
pulse SSP is generated at a correct timing. In the
second modification, if the real servo interval Ts'b

20 falls within the allowable servo interval range,
either the time period T2 or T2'b (corresponding to
T2' in the above-described embodiment) may be used to
generate a servo sector pulse SSP when the servo
interval Ts'b has been measured.

25 [Third Modification]

Referring now to the timing charts of FIGS. 9A to

9D, a third modification of the embodiment will be
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new y sel ected one. Mire specifically, in the above

0 consideration is given to a case where a change in the

| falls outside a predeterm ned narrow range and hence the
erval extrenely changes, _whgg a_head 12 corresponding to a
face H of the disk 1l1a or 11b has been switched to anot her
nding to another recording surface H. Accordingly, the
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svachuigeyal  Is:
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ener at ed urrng servo
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se gener at ed servo mark detecti on execut

f . heaek Oy .
dfifsdden 29 dyepeh sheceh gl Sbéﬂﬁ’ééﬁ_rtﬁ@f‘%%gbgkéﬁgbfgg V\C/)\hen

using, as in tdw-abomer Eiodi deNdetdbeed i BP tRerpPvISusEPr §6LLE€=QN the
servo interval Ts' between the servo mark detection pul ses
91 and %2, thewgeharatirah tHath SEryorsecivfopdstoRddetbdteatieg dy the

n FIG 9D may be earlier than that of the next servo mark
detecti on pul sewld; 3Heladtovm ome Fl MoBE. speacihlsahpge, inhehet Hisoger vo

a single recording surface as shown in F

94 has been generated the tine period T2' after the

detected and the
a change in the servo interval falls outside a

predetermined narrow range and hence the servo
interval extremely changes, when a head 12
corresponding to a recording surface Hi of the disk
lla or 11b has been switched to another one
corresponding to another recording surface Hj.
Accordingly, the following problem will occur when the
measured servo interval Ts' between a sexrvo mark
detection pulse 91 generated during servo mark
detection executed immediately before head selection,
and a servo mark detection pulse 92 generated during
servo mark detection executed immediately after the
head selection is shorter than the real servo interval
on a single recording surface as shown in FIGS. 9A to
9C. When using, as in the above embodiment, the time
period T2' corrected on the basis of the servo
interval Ts' between the servo mark detection pulses
91 and 92, the generation of a servo sector pulse 94
indicated by the broken line in FIG. 9D may be earlier

than that of the next servo mark detection pulse 93

25
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'5 sefvo mark detection pul se 93 is output. As a result, a servo sector
pulse 95 is generated a tinme period T1 after the generation of the |eading
edge of the servo mark detection pulse 93, as shown in FIG 9D. In other
wor ds, tow servo sector pulses SSP are generated 10 for one servo. To
avoid it, in the third nodification, imrediately after head sel ection, the
generation of a servo sector pulse by agySSP generator 317 on the basis
of the time period T2 or T2' is inhibited until 15 at |east two correct
servo marks are detected from servo information stored in servo areas 110.

To this end yhe,CR 24 setsctherenable sigoal i\, atpLowe (Loglee o)

after head selectlon e heéad "sel ec |on

counting of s r é%%% t thge

gener at or 317%{‘3&)%%2%@3%% %%jér% &%1 o ?ﬁé %% r%é@”%gung g@?m Servo
sector pul ses 3P gddeF£2dsn the tt?é'tPé%dPrfl? & %PoaPafﬁé%e%é phrkhe gate

array 21. In the case of FIGS. 9A to 9D U 24 reads the 25 output of

the conpar at orgetl i Fiers VONG 4 Nee 586 iRar ReLs Ode PAEEE498nEr PHet he gate
array 21. If the output |evel of the conparator 314 is low 31 (logic "0"),

the CPUR4 detgyriidasatibhadetdetioh epwbse HBtIEeputper Serye garksdetection
pul se 93 corre- sponding to the servo sector pulse 95 and the preceding

servo mark detectdmro meseodulise.35the Jenendtséryotiméepyaiodfall s
within a predetermined range. In this case, the CPU 24 determ nes that at

after the generation of the leading edge of the servo
mark detection pulse 93, as shown in FIG. 9D. 1In
other words, tow servo sector pulses SSP are generated

10 for one servo.

To avoid it, in the third modification,

immediately after head selection, the generation of a
servo sector pulse by an SSP generator 317 on the
basis of the time period T2 or T2' is inhibited until

15 at least two correct servo marks are detected from
servo information stored in servo areas 110. To this
end, the CPU 24 sets the enable signal EN at low
(logic "O") after head selection. After the head
selection, the CPU 24 starts the counting of servo

20 sector pulses SSP output thereto from (the SSP
generator 317 in) the gate array 21. When the CPU 24
has counted two servo sector pulses SSP, it reads the
output of the comparator 314 of the gate array 21. In
the case of FIGS. 9A to 9D, the CPU 24 reads the

25 output of the comparator 314 upon receiving the servo

sector pulse 95 from the gate array 21.

If the output level of the comparator 314 is low
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"l east two servo marks have been detected at a correct interval. At this
time, the CPU 24 switches the enable signal ENto high (logic "1"),
thereby 10 permtting the SSP generator 317 to generate a servo sector
pul se SSP on the basis of the tinme period T2 or T2'. The enable signal EN
is controlled by the CPU 24 accessing an enable signal set or reset

regi ster (not shown) incorporated inthg gate array 21. 15 If, on the

ot her hand, the output |evel of the conparator 314 is high (logic "1"),
the CPU 24 repeats the operation of reading the output of the conparator

314 in accor dq@g)%&\@ t..Ib..a} SR L0 %p%ql(r) dgge'srqn-%%l?s HeTove] !thé hﬁ%% | evel of

t he conparat or becomés 1ow gic "0"). Thus, in the

modi fication, pLRga8P t HICRVAIP Matl’ det ddtidy iR J4 A gederating a servo
sector pulse SSP on the basis of the tinme period T2 or T21, until servo

marks are nor gabihy et et ethd 1Pl sd@ast gurseseIpieid athservo information
itenms after 25 head selection. As a result, even if a change in the servo

interval fallprewesiitey aepvededariridertd@idgrowulsng®?, ande henglee t he servo
interval changes extrenely, T 32 a servo sector pulse can be generated at

an expested, reenreeirvid Mintgrvdier efnl Iy evettima tpwedsrenmiesd or  pul ses
SSP from being generated for one servo. In general, upon head sel ection
bet ween t he dirkherent In ditslss ddse,anthd IQRU 124 idetemyimpossildte 4that an
extreme change in the servo interval will occur. In light of this, the
generation of laasdr tocsestoro miSe Hwser] gen detected at a correct
interval. At this time, the CPU 24 switches the
enable signal EN to high (logic "1"), thereby
10 permitting the SSP generator 317 to generate a servo
sector pulse SSP on the basis of the time period T2 or
T2'. The enable signal EN is controlled by the CPU 24
accessing an enable signal set or reset register (not
shown) incorporated in the gate array Z21.
15 If, on the other hand, the output level of the
comparator 314 is high (logic "1"), the CPU 24 repeats
the operation of reading the output of the comparator
314 in accordance with a servo sector pulse SSP, until
the output level of the comparator 314 becomes low
20 (Logic "0"). Thus, in the third modification, the SSP
generator 317 is inhibited from generating a servo
sector pulse SSP on the basis of the time period T2 or
T2', until servo marks are normally detected from at
least two sequential servo information items after
25 head selection. As a result, even if a change in the

servo interval falls outside a predetermined narrow

range, and hence the servo interval changes extremely,
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‘the fime period T2 or T2' may be inhibited only i nmediately after head

sel ection between the different 10 disks Ila and IIb. In the
above-descri bed enbodi nent, the present invention is applied to an HDD
(Hard Disk Drive). However, the present invention is also applicable to a
di sk storage apparatus other than HDDs, such as a 15 magneto-optical disk
drive. It is sufficient if the disk stoggage_apparatus is provided with

di sk storage nediuns on which servo information is recorded at regul ar
intervals in the direction of the <circunference of the nmediunms. 20

Addi ti onal - adyaniagrs and.dp gsJiscftaaq@soaw%Lénefae@éﬂ | ¢ OgguL Lo L hese

skilled in the art e 1 nventton in | roaders aspects is not

limted to f ai i € shown and
. t R SREG ﬂﬁnl@q e L 5%@ o €S0P NE %&t?or

descri bed herein. Accordingly, varlous 2 cations may made wi t hout

departing fromiiRs S iflrdl B q'gf %néf&@f”ﬁ‘éﬁ' ohdVESEYYE cpRcept as
defined by thée appended clains an eir equivalents. 33 - WHAT IS CLAI MED

IS: 1. A di sk géries13PRAJcH Ufe LD Isdiitn Wtheast tigned O s&rémel udi ng at
| east one recording surface on which servo information itens are 5

recorded at redskayr lild emdllslb,n it dig endtprpadstblei ticamT £ eacerafie t he at
| east one disk, the servo information itens including respective position
i nformation i todvengendr ddpecta meo siarter ek kel s encdwr. | demt 1ight hef servo
information itens;
this, the generation of a servo sector pulse based on
the time period T2 or T2' may be inhibited only
immediately after head selection between the different
10 disks 1lla and 11b.
In the above-described embodiment, the present
invention is applied to an HDD (Hard Disk Drive).
However, the present invention is also applicable to a
disk storage apparatus other than HDDs, such as a
15 magneto-optical disk drive. It is sufficient if the
disk storage apparatus is provided with disk storage
mediums on which servo information is recorded at
regular intervals in the direction of the
circumference of the mediums.
20 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
25 modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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"10 a’head provided for the at |east one recording surface and used to read
information fromthe at | east one disk; a servo detector configured to
detect each servo information itemfromthe information read by the head
15 fromthe at |east one disk; a servo mark detector configured to detect a
correspondi ng one of the servo marks fromsaid each servo information item
detected by the servo detector; a countep3configured to neasure a servo
interval, 20 the servo interval being an interval between two successive
ones of the servo marks detected by the servo nmark detector; a correction
circuit configured to correct awyaTedes eyriTMEb tigwe period T2 on the basis
of the servo 25 interval neasured by the counter and a predeterm ned

i deal servo interval, aadeétiexndnaveospparaviut comprguird:to determine - 34
whi ch one of the time period T2 and a tinme period T2' obtained by
correcting the tineapeleasit T@nesdigkt hecludingchtoheastcaneé shoul d be used;
and a servo-sector-pul se-generating unit configured 5 to generate a servo
sector pul se argeeddiny nswethce nen peichdsdrvaf irfothet senvbtems kadet ect or
detects each servo mark, the tine period Ti being shorter than the tine
period B2, thereeesdedert oregulae-irrarlngian tdigepeianiaf a pseudo
servo sector pulse when the tine 10 period determ ned by the determ nation
circuit has etaprERfererse def cehe ot okeasat dorachigkr vENARPRIVP a

information items including respective position
information items and respective servo marks used to
identify the servo information items;

10 a head provided for the at least one recording
surface and used to read information from the at least
one disk;

a servo detector configured to detect each servo
information item from the information read by the head

15 from the at least one disk;

a servo mark detector configured to detect a
corresponding one of the servo marks from said each
servo information item detected by the servo detector;

a counter configured to measure a servo interval,

20 the servo interval being an interval between two
successive ones of the servo marks detected by the
servo mark detector;

a correction circuit configured to correct a
predetermined time period T2 on the basis of the servo

25 interval measured by the counter and a predetermined
ideal servo interval;

a determination circuit configured to determine



R < B

‘next ‘'servo mark is not detected during the tine period determ ned by the
determnation circuit. 2. The disk drive apparatus according to 15 claim1,
wherein the correction circuit corrects the tinme period T2 on the basis of
a degree of displacenent of the nmeasured servo interval fromthe idea
servo interval. 3. The disk drive apparatus according to 20 claim?2
wherein the degree of displacenent is- espressed by a ratio of the neasured
servo interval to the ideal servo interval. 4. The disk drive apparatus
according to claim3, wherein the correction circuit calculates the 25

tinme period Txhiclmnideof othovt Nfe epeiat 6@NT2 T2nd=aTithe TeerisdWhgre Ts
represents the ideal servo interval, Ts' - 35 represents the neasured
servo intervalobtathds' bifscoreptesent sheé heimat peridd Theudisk dheve
apparatus according to claim?2, wherein the degree of displacenent is 5
expressed by acdrféetiomwechetweenshbeldelasuneddseand interval and the

i deal servo interval. 6. The disk drive apparatus according to claimb5,
wherein the correctionecvecagctentpul acegenheatingeupéti sdnf2gutedm t he
follow ng equation: 10 T2' = T2 + (Ts' - Ts) T2' where Ts represents the

i deal sé?vo i ntQryemergse araPre’edtetohePHLasudearsdevormhnedviimeand (Ts

- Ts) represents the difference.
period Tl after the servo mark detector detects each

servo mark, the time period Tl being shorter than the
time period T2, the servo-sector-pulse-generating unit
generating a pseudo servo sector pulse when the time
10 period determined by the determination circuit has
elapsed after detection of said each servo mark, if a
next servo mark is not detected during the time period
determined by the determination circuit.
2. The disk drive apparatus according to
15 claim 1, wherein the correction circuit corrects the
time period T2 on the basis of a degree of
displacement of the measured servo interval from the
ideal servo interval.
3. The disk drive apparatus according to
20 claim 2, wherein the degree of displacement is
expressed by a ratio of the measured servo interval to
the ideal servo interval.
4. The disk drive apparatus according to
claim 3, wherein the correction circuit calculates the
25 time period T2' from the following equation:
T2' = T2 * Ts'/Ts

where Ts represents the ideal servo interval, Ts'



7. The disk drive apparatus according to 15 claim1, wherein the
determnation circuit is a conparator configured to conpare the servo

i nterval neasured by the counter with the ideal servo interval, the
determnation circuit determ ning that the servo- sector-pul se-generating
unit should use the tinme 20 period T2', if the neasured servo interval is

| onger than the ideal servo interval - 835The di sk drive apparatus
according to claiml1, wherein the determnation circuit is a conparator
configured to conpare the servo interval 25 measured by the counter with
predet er mi ned repeesants tppemessuvedi atevvaliatetrhaldenannTsayTen circuit
determ ning that the servo-sector-pul se-generating 36 unit should use the
time period T2tepréséhesnehsuretiioservo interval falls outside an allowable
range defined between the predeterm ned | ower and upper servo intervals.
5 9. The disk drivedapp@hat déskcdoitiengpprerathai mcgordiageite t he conpar at or
uses 0 and the ideal servo interval as the |ower_and upper servo
intervals, re8petRi el ynereinThbedfsuraei 0é dppriacameatcdprding to 10
claim8, wherein the congarator uses, as_the lower servo interval, a value
obt ai ned® by suPtPReEFag, PYranflifhereResl PsEresni hher FgrsuESHr E8EVEr ni ned

all owable value b ich the neasured servp interyal can vary, the
conpar at or alsbnﬁggﬁéf ﬁgdtEgeubgﬁ?is§?§8°15nFﬁF¥P al, a val ue obtained by

adding the allomablg_ The disk drive apparatus according to
claim 5, wherein the correction circuit calculates the
time period T2' from the following equation:
10 T2' = T2 + (Ts' - Ts) T2'
where Ts represents the ideal servo interval, Ts'
represents the measured servo interval, and (Ts' - Ts)
represents the difference.
7. The disk drive apparatus according to
15 claim 1, wherein the determination circuit is a
comparator configured to compare the servo interval
measured by the counter with the ideal servo interval,
the determination circuit determining that the servo-
sector-pulse-~generating unit should use the time
20 period T2', if the measured servo interval is longer
than the ideal servo interval.
8. The disk drive apparatus according to
claim 1, wherein the determination circuit is a
comparator configured to compare the servo interval
25 measured by the counter with predetermined lower and
upper servo intervals, the determination circuit

determining that the servo-sector-pulse-generating



'val ué to the ideal servo interval. 11. The disk drive apparatus according
to claim@8, further conprising neans for detecting a particular state, in
whi ch servo marks are detected 20 nornmally by the servo mark detector from
at |east two successive servo information itens, imediately after head
selection in which a head, which corresponds to one of the recording
surfaces of a plurality of disks inclkudBeg the at |east one disk, is
switched to a head 25 which corresponds to another recording surface of the
di sks, and wherein the servo-sector-pul se-generating unit is - 37

i nhibited fromgepespdbuDg the srevoimechperipdl $2'onift Baebasksuekdt he tine
period T2, imedi ately after the head selection until the

parti cul ar - st aterdet extengal nBahtsdetesidet hp paldweblar rahgee. 5 12. The
di sk drive apparatus according to claim1l, wherein the

particul ar - st adef deecdchéhgeapabse deecdehenminedalowhe padt bppear state has
been detected, when the servo-sector-pul se-generating unit has generated
at |east two s%¢VﬁOSEQt©¥V®h$ses 10 inmmedi ately after the head sel ection,
and when the conparator has detected that the neasured servo interva
falls within the al Ponwabhe faffedrive Fppagp§Ksdergerdppar 4Pus according to
claim1l, wherejn the particul ar-state-detecting neans 15 sets,

i medi atel y af ¢e#ifh@ h%%%r§éPeEP?oﬁomPﬁéaEQFvﬁse§eetBPdpEP§e166ﬁérat|ng

unit in an inhibition state. in MQICT generatlon of the servo sec&or pul se
based on servo 1lnterval as the lower and upper servo intervals,

respectively.
10. The disk drive apparatus according to
10 claim 8, wherein the comparator uses, as the lower
servo interval, a value obtained by subtracting, from
the ideal servo interval, a predetermined allowable
value by which the measured servo interval can vary,
the comparator also using, as the upper servo
15 interval, a value obtained by adding the allowable
value to the ideal servo interval.
11. The disk drive apparatus according to
claim 8, further comprising means for detecting a
particular state, in which servo marks are detected
20 normally by the servo mark detector from at least two
successive servo information items, immediately after
head selection in which a head, which corresponds to
one of the recording surfaces of a plurality of disks
including the at least one disk, is switched to a head
25 which corresponds to another recording surface of the
disks, and

wherein the servo-sector-pulse-generating unit is



‘the fine period T2 is inhibited, and rel eases the
servo-sector-pul se-generating unit fromthe inhibition 20 state upon
detection of the particular state. 14. The disk drive apparatus according
to claim1l, wherein the particular-state-detecting neans is a CPU to
control the head selection. 15. A disk drive apparatus conprising: 25 at
| east one di sk including at | east one— ré&dording surface on which servo
information itens are recorded at regular intervals in a direction of a 38
circunference of the at |east one disk, the servo information itens
i ncl udi ng respeschibetedsitomngenatatimyi bhei semgoandctespeaiiseecser vo mar ks
used to identify the servo information itens; 5 a head provided for the at
| east one recotl¢ngasssrehcehantingederbodedd, i hhvedaaicenyf eferhshat | east
one disk; a servo detector configured to detect each servo information
item fromthe hp2draateehieradnbylt hbehpayticolerostake-detpetsndone di sk;
a servo mark detector configured to detect a corresponding one of the
servo narks fropeRaidekachs shevearkierhdti 8hafBem detected by the servo
detectoré a countei confggured tg neasure a servo int nvalt 15 the servo
i nterval®being an +hterV3f Bebhe@hiVRoAPRALREYS| BECBRELNEF tPhe servo marks
detected by the, ser k detector; a, correction circuit confiqured to
Correct a prebelint hed RrRE Bor ModPTat SHOLAG BAGLE - HF LPRE 08, paans
determines that the particular state has been
detected, when the servo-sector-pulse-generating unit
has generated at least two servo sector pulses
10 immediately after the head selection, and when the
comparator has detected that the measured servo
interval falls within the allowable range.
13. The disk drive apparatus according to
claim 11, wherein the particular-state-detecting means
15 sets, immediately after the head selection, the servo-
sector-pulse~-generating unit in an inhibition state in
which generation of the servo sector pulse based on
the time period T2 is inhibited, and releases the
servo-sector-pulse~generating unit from the inhibition
20 state upon detection of the particular state.
14. The disk drive apparatus according to
claim 11, wherein the particular-state-detecting means
is a CPU to control the head selection.
15. A disk drive apparatus comprising:
25 at least one disk including at least one

recording surface on which servo information items are

recorded at regular intervals in a direction of a



‘20 ihterval neasured by the counter and a predeterm ned ideal servo
interval; and a servo-sector-pul se-generating unit configured to generate
a servo sector pulse a predetermned time period Ti after the servo nmark
detector detects each 25 servo mark, the tine period Ti being shorter than
the tinme period T2, the servo-sector-pul se-generating unit generating a
pseudo servo sector pulse when a tinme-4 3839- period T2', obtained by
correcting the time period T2 wusing the correction circuit, has el apsed
after detection of said each servo mark, if a next servo mark is not
detected duri ngitdenferenperoddcd’ at S51dHst Thee ddSkkdrthe appasat us
according to claim 15, wherein the correction circuit corrects the tine
period T2 on tiefdasitiof btermyriecbidingspéspeaehveoposheiorasured servo
interval fromthe ideal servo interval. 10 17. The disk drive apparatus
according to rEermablion uiters awdpreéspegtiveoppavatvarksntsgdred to
conpare the servo interval nmeasured by the counter wth predeterm ned
| oner and uppekdertify i Hhersare ilpfkermalielet E¥@MAing whet her the neasured
servo 15 interval falls within an allowable range defined between the
predet erti ned | over2 AR ppEPVE@edofor nEBevalsleasll anRer EpAOLARNT
servo-sector-pul;g;generg;ing unit is. jnhibited fromgenerating the servo
sector pul se oWPBRIHABASTICDIES MECAE nEnhRIPREL 9D LrPf the ebnpafator
one disk;
a servo detector configured to detect each servo
information item from the information read by the head
10 from the at least one disk;
a servo mark detector configured to detect a
corresponding one of the servo marks from said each
servo information item detected by the servo detector;
a counter configured to measure a servo interval,
15 the servo interval being an interval between two
successive ones of the servo marks detected by the
servo mark detector;
a correction circuit configured to correct a
predetermined time period T2 on the basis of the servo
20 interval measured by the counter and a predetermined
ideal servo interval; and
a servo-sector-pulse-generating unit configured
to generate a servo sector pulse a predetermined time
period Tl after the servo mark detector detects each
25 servo mark, the time period Tl being shorter than the

time period T2, the servo-sector-pulse-generating unit

generating a pseudo servo sector pulse when a time



1

*detetts that the neasured servo interval falls outside the allowable

range. 18. The disk drive apparatus according to claim15, further
conprising a conparator configured 25 to conpare the servo interva

measured by the counter with predeterm ned | ower and upper servo intervals,
t her eby determ ni ng whet her the neasured servo 40 interval falls within an
al l owabl e range defined between the predeterm ned | ower and upper servo

intervals, and wherein if the conparator detects that the 5 neasured
interval falls outside the allowable range, the

Servo-sect or - gy SEogeENEr at diiga Lk dl b Peder péesihfether ydmsepeéoiogurse
basis of the tine period T2', the tine period T2' being obtained by
correcting theudime tgesiodrd@ctbsomgeciheutos reesi ebapbedi a€tietr on t he
of a servo interval falling wthin the all owabl e range and neasured
the neasured detection edflasatdtezatedseovdahbrbut $Ede nagt aekveabl e

servo
on the
basi s

bef ore
range.

19. The di sk drive apparatus according to 15 claim 15, further conprising a

conpar at or corffdgiiries ned <¢epparedtdertegvbhenttneaberbagdufad. by t he

counter wth predeterm ned | ower and upper servo intervals, thereby

det ermi M ng whet hek6t heTheadiskddsbYs caPparakyval a¢aPrdingt BPn an al | owabl e

range defined 20 between the predeterm ned | ower  and, upper servo
interval s, andihEReldr i TheReIRoHPArGPOFeabt @Rt S1FRALtt ReTrects the

time period T2 on the basis of a degree of
displacement of the measured servo interval from the
ideal servo interval.

10 17. The disk drive apparatus according to
claim 15, further comprising a comparator configured
to compare the servo interval measured by the counter
with predetermined lower and upper servo intervals,
thereby determining whether the measured servo

15 interval falls within an allowable range defined
between the predetermined lower and upper servo
intervals, and

wherein the servo-sector-pulse—-generating unit is

inhibited from generating the servo sector pulse on

20 the basis of the time period T2', if the comparator
detects that the measured servo interval falls outside
the allowable range.

18. The disk drive apparatus according to

claim 15, further comprising a comparator configured

25 to compare the servo interval measured by the counter
with predetermined lower and upper servo intervals,

thereby determining whether the measured servo



‘nmeaslired servo interval falls outside the allowable range, the
servo-sector-pul se-generating unit 25 generates the servo sector pulse on
the basis of the tinme period T2', the tine period T2' being obtained by
correcting the tinme period T2 using the correction L 41 <circuit on the
basis of a servo interval falling wthin the all owable range and neasured
i medi ately before the servo interval débected to fall outside the

al l owabl e range. 5 20. The di sk drive apparatus according to claim 19,
wherein the servo-sector-pul se-generating wunit is inhibited from
generating theistesyvabefidls pltisenosnt helbasbseotahe Hefenpéariod T2', if
the servo interval neasured i medi ately before the servo 10 interva
detected to fabetwersi teetheeddtomabhedr ioger ahdouppeksseutsi de t he

al l owabl e range. 21. A nethod of detecting each of servo information
itenms, which iirtexeakesprredi ve position information itens and respective
servo marks used to 15 identify the servo information itens, from
information read byhgrﬁéadlfr%h?acﬁmﬁﬁréﬁoﬁhﬁ@heﬁﬁé s§Batothenf or mati on
itenms are recorded at regular intervals in a direction of_a circunference
of the df sk, tFRRERYedIREEP| HytarvalrEapbhdPrgsede bhetaélavprbbemarks from
20 said each servo infornmation item and generating~a servo sector pulse,
the method conf?Pe®ngthe nBeEYPT FECROEePYbSFREeRGaRtWABNEDEF each servo mark

has been detecéggérgggssgﬁgosépégrggétgglBglgg on the basis of the

time period T2', the time period T2' being obtained by
correcting the time period T2 using the correction
10 circuit on the basis of a servo interval falling
within the allowable range and measured before the
measured servo interval detected to fall outside the
allowable range.
19. The disk drive apparatus according to
15 claim 15, further comprising a comparator configured
to compare the servo interval measured by the counter
with predetermined lower and upper servo intervals,
thereby determining whether the measured servo
interval falls within an allowable range defined
20 between the predetermined lower and upper servo
intervals, and
wherein if the comparator detects that the
measured servo interval falls outside the allowable
range, the servo-sector-pulse-generating unit
25 generates the servo sector pulse on the basis of the
time period T2', the time period T2' being obtained by

correcting the time period T2 using the correction



‘i ntefval between two successive ones of the servo 25 marks; generati

servo sector

mark; 1. - 42
than the tinme
pr edet er m ned
period T2 and
shoul d be use

ng a

pulse a tine period Tl after detection of said each servo

correcting a predetermned tine period T2, which 1is
period Ti, on the basis of the neasured servo interval

onger
and a

ideal servo interval; 5 determ ning which one of the tine

a tinme period T2' obtatnedlby-correcting the tinme peri
d; and generating a pseudo servo sector pul se when the

period determ ned in the determ ning has el apsed 10 after detection

sai d each servoiraiks of haaxdsserod avskrve Mntedebtectedl diugi ng the

od T2
time
of

determned tinme period. 22. The nethod according to claim?21, wherein in

the correctingyithintilme peldowabll rangeraedtrdasnreétieimb&dbasesyof a

degree of dis
interval. 23.
det ecti ng whe
pr edet er mi ned
det erm ni ng,

is usedto g
t he neasured

10

15

20

25

pl acenent of the nmeasured servo interval fromthe idea
o mettior] seewe dimgervall déheliedf ot hetl cuhpidlei hige
ther the neasured servo interval falls outside a

allov@ple 539d- 20 interval range, and wherein in the

servo

the time period T2' obtained bg correction in the correcting
3

ener 2@ t B pseirie detVe 2WpHR

servo ifgerval falls )
claim ; wherein the servo-sector-pulse-generating

unit is inhibited from generating the servo sector
pulse on the basis of the time period T2', if the
servo interval measured immediately before the servo
interval detected to fall outside the allowable range
also falls outside the allowable range.

21. A method of detecting each of servo
information items, which include respective position
information items and respective servo marks used to
identify the servo information items, from information
read by a head from a disk on which the servo
information items are recorded at regular intervals in
a direction of a circumference of the disk, thereby
detecting a corresponding one of the servo marks from
said each servo information item, and generating a
servo sector pulse, the method comprising:

measuring a servo interval whenever each servo
mark has been detected, the servo interval being an
interval between two successive ones of the servo
marks;

generating a servo sector pulse a time period Tl

after detection of said each servo mark;

§| 8eCOT¢ing £ detected that



‘25 outside the allowabl e servo interval range. 24. A nethod of detecting
each of servo information itens, which include respective position 43
information itens and respective servo marks used to identify the servo
information itens, frominformation read by a head froma di sk on which
the servo information itens are recorded at regular intervals in 5 a
direction of a circunference of the drsk42thereby detecting a
correspondi ng one of the servo marks from said each servo information
item and generating a servo sector pulse, the method conpri sing:
measuring a servo i adbere¥atinbeaepeededehmseedotihB parkola%$2beehidht ect ed,
the servo interval being an interval between two successive ones of the
servo narks; peEnorgengtlasetive sioe opepibdeTd, t onetherbadiFlofather
detection of said each servo mark; 15 correcting a predetermned tinme
period T2, whirgesysed osgeyot hakervelt #ng @epmgetrermbne@lhed@aéu s of the
nmeasured servo interval and a predeterm ned ideal - servo interval; and
generating a p3eLde® Letevvaket or pul se when a 20 tine period T2 obt ai ned
by correcting the tine period T2 in the caorrecting has el apsed after

detectioh of said SaERIBEPYBInURkCh| Png ﬁéth§eF\]f@enﬁ?ElP§ Rét andefect ed

during the tlne eriod, T21
g é% period T2' obtained by correcting the time period

T2 should be used; and
generating a pseudo servo sector pulse when the
time period determined in the determining has elapsed
10 after detection of said each servo mark, if a next
servo mark is not detected during the determined time
period.

22. The method according to claim 21, wherein in
the correcting, the time period T2 is corrected on the

15 basis of a degree of displacement of the measured
servo interval from the ideal servo interval.

23. The method according to claim 21, further
comprising detecting whether the measured servo
interval falls outside a predetermined allowable servo

20 interval range, and
wherein in the determining, the time period T2'
obtained by correction in the correcting is used to
generate the pseudo servo sector pulse, if it is
detected that the measured servo interval falls
25 outside the allowable servo interval range.
24. A method of detecting each of servo

information items, which include respective position



10

15

20

- 43 -

information items and respective servo marks used to
identify the servo information items, from information
read by a head from a disk on which the servo
information items are recorded at regular intervals in
a direction of a circumference of the disk, thereby
detecting a corresponding one of the servo marks from
said each servo information item, and generating a
servo sector pulse, the method comprising:

measuring a servo interval whenever each servo
mark has been detected, the servo interval being an
interval between two successive ones of the servo
marks;

generating a servo sector pulse a time period T1
after detection of said each servo mark;

correcting a predetermined time period T2, which
is longer than the time period T1, on the basis of the
measured servo interval and a predetermined ideal:
servo interval; and

generating a pseudo servo sector pulse when a
time period T2' obtained by correcting the time period
T2 in the correcting has elapsed after detection of
said each servo mark, if a next servo mark is not

detected during the time period T2'.



