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i nvention: Disk-shaped recording nmedium nethod of manufactur nl; G 2002
di sk-shaped recordi ng nmedi um recordi ng and reproduci ng net hod, and di sk
drive 01 AUG 2002 2 ,2. Detailed Description of the Invention: [0001]
2.1 Industrial Field of the Invention: The present invention relates to a
di sk-shaped recordi ng nmedium a nethod of manufacturing a di sk-shaped
recordi ng medi um a recording and reprpduci ng nmet hod, and a
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.drives enpl oying magnetic di sks as recordi ng nmedi a have been

toward hi gh capacities and high recording densities in recent years. [0003]
As shown in FIG 2, the soft error rate (SER) of a magnetic disk is
positively correlated with increasing |inear recording density, this
density being the nunber of bits peg unit length in the track direction
(BPI: bits per inch), and the error rgte is known to have risen with
recently rising |inear recording densities. The SER is indicated by the

| ogarithm of the error count divided by the data count (nunber of sanples).
FIG 2 indicates the change in SER as the |inear recording density varies
with respect oexa&i pE@dedeeripeton i #eafhé ecavehbdodensity (1) on the

hori zontal axis. FromFIG 2, it can be seen that, for exanple, the SER is
about -5 (an @0®r]rate of 10-5) when the 01 AU G 2002 3 linear recording
density is the predeterm ned |linear recording density (1), but becones
about -@ {(an rdwstribak bield-&f, thaelmwventionte decreasi ng by

approxi mately one order of nmagnitude, if the |inear recording density is
decreased by T peesent myventiepetelabeshtoppedéskrahaped i near recording
density. [0004] Methods of equalizing the linear recording density across
the recdfRFML ST fBRELWR - t AeABlyPdt PE BRBRREAPRUBLREr at 18K bR ely
equalize the SER over the entire recording surface of the nagnetic disk

are bei ng<¢ e rBediiBo03] CePT ek AdpRRd  ReBFORUGA NI "L i RFd & t he
inventiq$. isclpsed in Japanese gokaihgate t _Publication No. 147059/ 1995

di vi des FHE® rEeofar nft Ear +RRECERA K highRBH BeIYOFRaPRE di sk into a number
of areas (zonﬁipgg Z1, 72, .. radial direction, as showmmn in FIG 3, and
alters the nunber bf data sectors recorded between servo sectors in each
Zone, ac di ;g5 pis.position in the radial direction, to equalize the

| i near rgg%rd?%bége%%?fy of the recording tracks in each zone. [0006] The
SER can be subpstrngialby edpabiIrd RA¥Ghethe @RLkkE akegdrd iy fates of the
magneti c di sk by equalizing the Iinear recording density in this way.

[0007] have been evolving toward high capacities and high recording

di sk drive,wth inproved yield and perfornmance. [0002] 2.2 Prdar mhg b] Kk
oAUB: 2007

densities in recent years.

[0003]

As shown in FIG. 2, the soft error rate (SER) of a
magnetic disk is positively correlated with increasing
linear recording density, this density being the number of
bits per unit length in the track direction (BPI: bits per
inch), and the error rate is known to have risen with
recently rising linear recording densities. The SER is
indicated by the logarithm of the error count divided by the
data count (number of samples). FIG. 2 indicates the change
in SER as the linear recording density varies with respect
to a predetermined linear recording density (1) on the

horizontal axis. From FIG. 2, it can be seen that, for

example, the SER is about -5 (an error rate of 104) when the



01 AU G 2002 4 To assure reliability, however, there is a setf] depdi{A O
on the SER of a disk drive. A disk drive is generally providg%quﬁgegzunz
plurality of recording surfaces, and a plurality of heads corresponding to
the recording surfaces. The SER varies considerably, depending on the
magneti c characteristics of the head and the magnetic disk. Therefore, in a
di sk drive having a plurality of recording surfaces, because the |inear
recording density is uniformon each Qgcording surface, the SER differs on
each recording surface. [0008] It has been customary to treat this type of
di sk drivenesr deéesitdirgi dehbete is enenpordetecaideng lubhlkease havi ng an
SER exceeding the upper Iimt. Aresulting problemis decreased yields and
i ncr easerecosding[ @081 t¥héldi skutr beeoneschbsad -6 JapaesserKalaie Pat ent
Publ i cati on No. 255412/1996 is a known exanple of a disk drive that sol ves
this prabf end ®l)n tthies edirgl diaitee dedme 38R @fbyarapntdixienateeby dbmeg surface i s
reduced by altering the zone boundaries on the recording surface and
setti ng erdernckE praghitndai nifathezdhpneazcaecerhdngo dgpgdiived-sr ecordi ng and
reproduci ng characteristics. (0010] 2.3 Problens to be Solved by the

| nvent i dfecregieduey 2662 BBRELBE B thh&egPsetdtiovdngi SOESE®TH Rhanese
Kokai Patent Publication No. 255412/1996 is conpl ex, however, because the
zone bo PRESTAPPFEINEnd8aEAYecor di ng surface: a particul ar probl em was
reduced perfo gﬁgé?, because the seek characteristics are degraded by the
uneven track Ll ch: [0011] The present invention addresses these problens,
with the objeghynbaprgyl diid:13,dhsk 1hRARINLLGC Yl iRfliduhs A et hod of
manuf acturing a di sk-shap recording medium a recording an epr oduci ng
method, 28flodsdkAk HeLyediig! sGRRaCANGE RHL rddrd IO AR S hodetd and
reductions 1n cost, while réducing conplexity 6f control and T nhibiting
reducti ops hpppekifaiBi¢eeqhf@izk Ind Memnovelr IPtdndirf AdreyRIOhy ens:
According to one aspect of the present invention there is provided a

di sk- shapedreeeobdi Rgempdiguer ieodpldksi e adingtcdretaediay. surface havi ng
a first linear recording density in a certain radial position; and a second
recordi ng surfaoésiavi ng a second linear recording density, different from
said first linear recording density, in paid certain position, wherein said
first and secBnd exeospdiengasdifsiic € ivey @aceqiding ity tdfe ravmntidghareas in
whi ch the recording frequency is constant regardl ess of position in the
radi al dft8ELPERdofint HEPgRgiEe Kokal Patent Publication No.

147059/1995 divides the recording surface of the magnetic
disk into a number of areas (zones Z0, 21, Z2, ...) in the
radial direction, as shown in FIG. 3, and alters the number
of data.sectors recorded between servo sectors in each zone,
according to its position in the radial direction, to
equalize the linear recording density of the recording
tracks in each zone.

[0006]

The SER can be substantially equalized over the entire
recording surface of the magnetic disk by equalizing the
linear"'recording density in this way.

[0007]



01 AUG 2002 -6 According to another aspect of the present inv iQn
is provided a nmethod of manufacturing a disk-shaped recordingtnidﬁﬂkérﬁﬁd?

conprising the steps of: neasuring recording and reproduci ng
characteristics of each recording surface of a di sk-shaped recordi ng nedi um
having a plurality of recording surfaces; and setting set plurality of
recording surfaces to a first recording surface having a first |inear
recording density in a certain radial ,position and a second recording
surface having a second |inear recording density, differing fromsaid first
| i near recor dfRg28EREPt Feliabddildvoehomeyeraditdieffosig idrsetacerpeing to
sai d reC£rdLng and_reproduci ng characteristics, wherein said first_ and
second | THBAF PBcSPEi R§Rd&hsAL ddskadeissr b ek dirgra 1t wenergliby
recordi ng_areas.in.wiich the recordi frequency is constant, regardless of
positiongfﬂvgﬁgdrg&i IadPﬁEE?ﬂ' prfP%@qﬁr NG FYHRES st ¢ dr di ng
surface, i, d first recording surface is.set. According to stil
anot her ﬁgggg%ig? Phe SFggeﬁPrFﬁ§§ﬁ¥¥%ﬁmkﬁ@?eq%sﬁﬁ%ﬁﬁ i%b%f%%%%rding
and repreduckag yeLhad 1oniae0rdhnd gddenrodual ng, on, 2l sk shaped

ng “sur ha

recordi ng nmedi um posSsessing a first ‘recordi ace ng a first |inear

recor di ngndensiby1R i 3<CRH And HAdPRlaROSid Hagriid @ gaapNd recording
surface having a secong I'i near
Therefore, in a disk drive having a plurality of recording
surfaces, because the linear recording density is uniform on
each recording surface, the SER differs on each recording
surface;

[0008]

It has been customary to treat this type of disk drive
as defective if there is even one recording surface having
an SER exceeding the upper limit. A resulting problem is
decreased yields and increased costs.

[0009]

The disk drive disclosed in Japanese Kokai Patent
PubliCa;ion No. 255412/1996 is a known example of a disk
drive tHat solves this problem. In this disk drive, the SER
of an entire recording surface is reduced by altering the
zone boundaries on the recording surface and setting a track
pitch within each zone, according to measured recording and
reproducing characteristics.

[0010]

2.3 Problems to be Solved by the Invention:



recording density, different fromsaid first |linear recording nsy t J
said certain radial position, a recording and reproducing netdﬁg JMJE%Zbﬁz

the steps of: selecting recording surfaces on which to performrecording
and reproduci ng accordi ng to commanded addresses; changing the |inear
recording density of recording and reproducing according to the sel ected
recordi ng surface; and perform ng recordi ng and reproduci ng, changing the
recordi ng and reproduci ng characteristics according to the changed |inear
recordi ng density. G ~ AUG 2002 According to still another aspect of the

present invepbih@RAhere the RHAK ¢ed2 dite1Ude® 1t YHYdrd W Kok a4l sk- shaped
recordi ng nmedium having a first recording surface having a first |inear

recordi pdtdarsiplip1iikat i68 ti.N 253di13)/ 1P0% tidmond k8, Iasmiekr ecor di ng
surface having a second linear recording density, different fromthe first
| i near peeangienghéersintey bouhdediidsc eriiffier radiedcpasidomiing recor di ng and
r epr oduci ng neans perform ng recordi ng and reproduci ng on the di sk shaped
recor di sgrifadieyma aredandiany-peotflame wal evtdwre drganst eragote ng r ecor di ng
surfaces on which to perform
because the seek characteristics are degraded by the uneven
track pitch.
[0011]
The present invention addresses these problems, with
the object of providing a disk-shaped recording medium, a
method of manufacturing a disk-shaped recording medium, a
recording and reproducing method, and a disk drive that can
contribute to improvements in yield and reductions in cost,
while reducing complexity of control and inhibiting
reductions in performance.

[0012]

3.4 Means of Solution of the Problems:

According to one aspect of the present mvention there 1s provided a disk-shaped
recording medium, comprising:

a first recording surface having a first linear recording density 1n a certain radial
position; and

a second recording surface having a second linear recording density, different
from said first linear recording density, in said certain position, wherein said first and
second recording surfaces have a plurality of recording areas in which the recording

{requency is constant regardless of position in the radial direction of the disk.



recordi ng and reproducing, from comranded addresses; a |inear peloAngUUZ
density alteration neans changing the |linear recording density according to
tile recording surface selected by the recording-surface sel ecti on neans;
and a control neans changi ng the recording and reproduci ng characteristics
of said recording and reproducing means ~&ccor di ng to the linear recording
density changed by the |linear recording density alteration neans, wherein
said first and sécumndlingtoamitirey aspact af the presget mventiomatherteyis pfowndador uicthgd
areas in which the recording frequency is constant, regardl ess of position

in the radigmahiuFRairingn cﬁ&k-ﬁﬁype@'te%lsrdi&g:ﬁl@ﬂidhﬂgomgriﬁh'g tHe stdpetofier aspect of
the present invention there is provided in a disk drive having at |east two

recording surfacgge, gl n%%orgl:l’rirg‘ézﬁlggrg}g}i%ﬁéh%Sharéctéljisfti%é of i%?;r 'di'@ing WRAFRGSf

having a first |inear recor ty 1h a certainr posftion; and a
second recording surface,.havin second | inear recording density,

i frerent (T SapEt P EInE FsaanT R GE PR GERE P 8RR X 1 1 adi
position, wherein said first and second recordi ng surfaces have a plurality
of recording ared8ting sghphmalitnof Tecsdiar myripeesdaeh Bipt irecsding tsuHacs ByargiPess

of position in the radial direction of the disk. 01 AUG 202 [0017]
first linear recording density in a certain radial pdsition and a second recording surface

having a second linear recording density, differing from said first linear recording density,
in said certain radial position, according to said recording and reproducing characteristics,
wherein said first and second linear recording densities are set by providing a plurality of
recording areas in which the recording frequency is constant, regardless of position in the
radial direction of the disk, on the first recording surface, when said first recording
surface is set.

According to still another aspect of the present invention there is provided in a
recording and reproducing method for recording and reproducing on a disk-shaped
recording medium possessing a first recording surface having a first linear recording
density in a certain radial position, and a second recording surface having a second linear
recording density, different from said first linear recording density, in said certain radial
position, a recording and reproducing method comprising the steps of:

selecting recording surfaces on which to perform recording and reproducing
according to commanded addresses;

changing the linear recording density of recording and reproducing according to
the selected recording surface; and

performing recording and reproducing, changing the recording and reproducing

characteristics according to the changed linear recording density.



3.5 Enbodi nents: First enbodinment FIG 1 is a bl ock di agram shofg
structure of a disk drive according to a first enbodi nent of th@PBH%U@§2002
invention. [0018] This disk drive conprises nmagnetic disks (disk-shaped
recording nedia) 1 as recording nedia, heads 2 for recordi ng and
reproduci ng data on the magnetic disks-%, an arm el ectronics (AE) circuit
that supplies recording signals to the heads 2 and picks up (anplifies) the

out put repr ogduardinbYo ttheamelkaaisPect af thbprasent ihtentios datellsngovided oduci ng
control neans) 4 that carries out conversion between anal og signals and
digital data, yRRdide Mahfridingk controller (HDC) 5 that controls the
operation of the entire apparatus, including the channel 1C 4. [0019] This

di sk drj [ royj j f.Qr. : i i
mgnet 1 s eRe B iedhlitin BB frcoldid SufBERRHLE sttt Ruchy B iIne
electronics 3 are toviged for each recor ing ur face. .01 AU G %égoz 9
[0020] KSURI? FPoTaEt Eadial Posidon, AR b seqoad e ‘Hﬁ‘&gi% °g hginee? sacpndi ipseng
data fromthe HDC 5 and data to be sent to the HDC 5, an encoder/decoder

( ENDEC) rea¢ydirtgadensifis slifiées catofram the fiyst kinegprageingdengisy dal eaid ceprin dadiaddogigivs; a
serial/parallel converter 4c that converts encoded record data to a serial
signal) and gorvealihg and repodidigedesisgrraforrthingpacatingl andateprodaciap @akhe disk-
generator 4d that generates a reference clock for recording and reproduci ng
(a refegppeerdordiMM&LIN),, a control unit 4e that controls the operation of
the channel 1C 4 as a whole, and a pul se detector 4g that reproduces servo

signal s. a recording-surface selection means selecting recording surfaces on which to perform

recording and reproducing, from commanded addresses;

a linear recording density alteration means changing the linear recording density
according to the recording surface selected by the recording-surface selection means; and

a contro} means changing the recording and reproducing characteristics of said recording
and reproducing means according to the linear recording density changed by the linear recording
density alteration means, wherein said first and second recording surfaces have a plurality of
recording areas in which the recording frequency is constant, regardless of position in the radial
direction of the disk.

According to still another aspect of the present invention there is provided in a disk drive
having at least two recording surfaces, a disk drive comprising:

a first recording surface having a first linear recording density in a certain radial
position; and

a second recording surface having a second linear recording density, different from said
first linear recording density, in said certain radial position, wherein said first and second
recording surfaces have a plurality of recording areas in which the recording frequency is

constant regardless of position in the radial direction of the disk.



[0021] The HDC 5 conprises a control unit 5a having an MPU or the |ike, a
menory 5b for caching record/reproduce data and storing varioui%ﬂa?ﬁgg 2@92
the like used for control of operations, and a timng detector 5c¢ at
detects the record/reproduce timng when the recording or reproducing of
data is “~conmanded. [0022] As shown in FIG 4, areas in which tracks 50 are
recorded are fornmed concentrically, with a certain width, on the recording
surfaces of the nagnetic disk 1. Each area is provided with a servo area
51, in which servo sectors are recorded for perform ng tracking control)
and a data area 01 AUG 2f102 10 52, in which data sectors are recorded.
For sinplicity, these are only partially showmm in FIG 4. [0023] The servo
areas 51 are disposed at fixed angles of revolution (for exanple, 360/66)
on the surface of the magnetic disk 1. Physical servo sector information,
including a servo pattern and identification information such as a cylinder
| D (CYLID) and physical servo sector nunber (PHSN. Physical Sector Nunber)
for identifying each individual physical sector, is recorded in these servo
areas 51 at, for exanple, the tinme of manufacture. [0024] Servo sectors are
recorded i n fR81PHysical servo sectors of the servo areas 51 with a
fi xed-frequenc |,ock, regardless of their radial position, at the tinme of
manuf acBure, B P%é§§Wﬁﬁé. [0025] As shown in FIG 5, the data areas 52 are
dividedFLnt seyeral zqnes (physical zones) in the radial direction. To
expl ai nFthE CcERCESE™ MG 5 is sinplified to show 2.5 data sectors recorded
per track in ne ,ZQ, i i . £ | C i two data
sectors per Fﬁg;dkli %Sz%eb Eﬁé%ﬁ‘ae%ec onrc‘gr%gér %!rrac 'R \g%fngaZZ, and
one dat g SRCHYN VREHL ddAM dd EZPNE A s OLrtb PGt SLcHdifig s ace, ten
'zones (ZOto Zé), for exanple, are provided In 01 AU G 2002

invention.

[0018]

This disk drive comprises magnetic disks (disk-shaped
recording media) 1 as recording media, heads 2 for recording
and reproducing data on the magnetic disks 1, an arm
electronics (AE) circuit that supplies recording signals to
the heads 2 and picks up (amplifies) the output reproduced
by the heads 2, a channel IC (recording/reproducing control
means) 4 that carries out conversion between analog signals
and digital data, and a hard disk controller (HDC) 5 that
controls the operation of the entire apparatus, including
the channel IC 4.

[0019]

This disk drive is provided with, for example, three
magnetic disks 1. Each magnetic disk 1 has recording
surfaces on both sides; heads 2 and arm electronics 3 are

provided for each recording surface.



lal direction, and one thousand tracks, for exanple, r %fd
11 the radial di Sljﬁﬁ%r

I n each zone. [0026] One of the | ogical zones shown below in Ta

assigned to each physical zone. 0 ~ au ~ 2002 12 Table 1 Logical Zone

Nunber of Logical Sectors _
LO400L1380L2360L3340L4320L5300L6280L7260L8240L9220L10200 As_shown in Tabl e

1, the nunber of data sectors recorded®in each track in each |ogical
(LOto L10) is predeterm ned. Furthernore, with regard to one recording
| ogical zones with fewer sectors are assigned to inner physical

sur f ace,

zones. [0027] U4P3%e part of a data area 52 (physical servo sector) in

one-track, data sectors are recorded and reproduced with

a clock (refefeh@ Mok i nly athe eelaeneylr EEpénspmprises a buffer

4a storing data from the HDC 5 and data to be sent to the
HDC 5, an encoder/decoder (ENDEC) 4b that encodes data to be
recorded and decodes reproduced data, a serial/parallel
converter 4c that converts encoded record data to a serial
signal, and converts a reproduced signal to parallel data, a
clock generator 4d that generates a reference clock for
recording and reproducing (a reference for RDWTCLK),‘a
control-unit 4e that controls the'operation of the channel
IC 4 as a whole, and a pulse detector 4g that reproduces
servo signals.

[0021]

The HDC 5 comprises a control unit 5a having an MPU or
the like, a memory 5b for caching record/reproduce data and
storing various tables and the like used for control of
operations, and a timing detector 5c that detects the
recordT;eproduce timing when the recording or reproducing of
data is commanded.

[0022]

As shown in FIG. 4, areas in which tracks 50 are
recorded are formed concentrically, with a certain width, on
the recording surfaces of the magnetic disk 1. Each area is
provided with a servo area 51, in which servo sectors are

recorded for performing tracking control, and a data area

Zone

002

01 AU G 2002 13



t he nunber of recorded data sectors. [0028] Although sixty-six physical

servo sectors are provided, divided at certain angl es of revo%l]ip@@gﬂﬂz
servo areas 51, which are provided as expl ai ned above, the nurber

sectors differs in each of the |ogical zones assigned to the physical
zones, so the nunmber of data sectors in a servo sector is not necessarily
an integer; as shown, in FIG 5, datapsectors nmay be divided at arbitrary
positions, and may be recorded in plural servo sectors. [0029] The
positions at which data sectors are divided in this way can be uniquely

deter m ned fipriyntien nagber settdataasectecsraeacr dedri pimpeidatd areas 52
provided in each zone (logical zone), and the positions of the individual
data ar egfede?,amdi el @reatrodatayeghbynt he phgsi eal servo sector
nunbers_(the val ues assigned to the individual servo sectorsj. [0030]

I nformation iM@2Z&ling the positions at which the data sectors are divided
(for exanple, information indicating that the n-th data sector in a zone is
di vi ded, wit H'lre byexrworarendedli arehdigprieghpsi £akedeangldegn®fy byt es
recorded in the (m'+ 1)-th physical_ sector) is recorded, together with

i nf or mat¥ewplwdicat { igrt asappiet i 8006 Eacin ddian siuciare o the ~ AU G 200Z
14
magnetic disk 1. Physical servo sector information,

including a servo pattern and identification information
such as a cylinder ID (CYLID) and physical servo sector
number (PHSN: Physical Sector Number) for identifying each
individﬁal physical sector, is recorded in these servo areas
51 at, for example, the time of manufacture.

[0024]

Servo sectors are recorded in the physical servo
sectors of the servo areas 51 with a fixed-frequency clock,
regardless of their radial position, at the time of
manufacture, for example.

[0025]

As.shown in FIG. 5, the data areas 52 are divided into
several zones (physical zones) in the radial direction. To
explain the concept, FIG. 5 is simplified to show 2.5 data
sectors recorded per track in zone Z0, which is the
outermost physical zone, with two data sectors per track in
zone 721, 1.5 data sectors per track in zone 72, and one data
sector per track in zone Z3. On an actual recording

surfacé, ten zones (Z0 to Z9), for example, are provided in



whet her or not it is divided, as a track format table, in a - tq
menory in the HDC 5, for exanple, or in a predeterm ned areaw(;m mgog[i@
[0031] In this disk drive, the length of a data sector is five hundred
forty-six bytes, divisible at positions |ocated at nmultiples of five bytes
fromthe beginning of the sector, as shown in FIG 6. [0032] The track
format table therefore records information indicating in which physical
servo sector the sector corresponding to the above-nenti oned data sector
nunber is |ocated (the physical servo sector nunber PHSN of the physical
Servo segidmadilal retrd ok Nf EABEAON K Sis &hd SEEAckBdI £8L BEawpakher the
data sector is divided or not, or if it is divided, how many bytes are
recor deGire ddwrdsd aivt ¢kadla soe@, [ 0QB3] The position PHSN indicates the
servo sector nunber of the servo sector to which the beginning of the data
sector bel onguo2ie of fset value is 00h if the data sector is not divided,
and is the quotient of the nunber of bytes of data recorded in the first
data area 52 Glieviadedtly fogecdDlhotes 68hoyr BdboE inl08bile dedisnal]) if it
is divided. [0034] 01 AUG 2D02 15 This table requires a m ni num of eight
hundr ed aggiegngd to each physical zone.



total, because from Table 1, the maxi nrum nunber of data sectorilger tgfﬁﬁ
is four hundred, and two bytes are necessary per data sector ( ﬁvd 92
t he PHSN and one byte for the quotient value; if the data sector nunber is
stored as an address pointer, the data sector nunber itself does not have
to be stored). [0035] A track format table is provided for each
above-nentioned | ogi cal zone, becausq2t he nunber of data sectors per track
differs for each logical zone. This table is recorded in a predeterm ned
area on the disk, or in a ROMin the HDC 5 or el sewhere, and is read into,
for examphg,e tihe menory Sb of the HDC 5 during operation. [0036] In
commandi ng this hard disk drive to record or reproduce data, a persona
conmput er.,. warkstatiaon,_ar_ ot her_infornation-processing device specifies an
LBA (Il ogical block address), rather than the cylinder 1D, physical servo
sector myHiRial avh«lat a AGIKEr dBASogd €ansSéghedsas serial nunbers, from
recordabl e positions, so a table that converts themto the correspondi ng
cyl i nder- -FD,~ physi cal - servo- sect of - nusber s - and-dat a sector nunber is
needed. [0037] TY~is hard disk drive accordingly carries out the conversion
of LBAs and ddta sector nunbers4@&i ng an address 01 A~J G 2002 16
conversion table such as the one shown in FTG 8. This address conversion
table al so sgecifically include®8@ata, not shown in the draw ngs, used in
finding other paraneters indicating positions on the magnetic disks
(Z--zone, H -lhead, C--cylinder)369ndicating relationships to the other
paraneters. [0038] Incidentally, this address conversion table does not
necessarily Have to be stored a$t@ tabl e, but can be, calculated fromthe
gi ven LBA, tqf zone assi gnnent gﬁﬁle descri bed bel ow, and ot her

i nformation. %039] As shown in e address conversion table+n FIG 8, the
assi gnnent of. data sectors to L inthis disk drive is carried out so
that after data sectors in tracks having the same CYLID on a plurality of
recordi ng surfaces have been asgggned, the assignnent proceeds to data
sectors in the sequentially adjacent tracks. \Wen zone boundaries have been
changed as desgri bed bel ow, howeggr, the order of assignnment of data
sectors to LBAs is changed; the details will be nore fully explained in the
description ofgthe operation. [9940] In this address conversion table, the
| ogi cal head nunber~~i ndi cates the | ogical head where the data sector
assigned to the correspondi ng LBAcexists, and the data 0 ~ Aus Z-~oz

L10O 200

A§ishown in Table 1, the number of data sectors
recorded in each track in each logical zone (L0 to L10) is
predetermined. Furthermore, with regard to one recording
surface, logical zones with fewer sectors are assigned to
inner physical zones.

[0027]

In the part of a data area 52 (physical servo sector)

in one-frack, data sectors are recorded and reproduced with



which the track format table is rewitten increases, access topthe
5b appears to becone slower. For these reasons, an increase m&ﬂeAyg%z
of tinmes the table is rewitten can becone a factor reducing the
performance of the disk drive. [0077] Therefore, in this disk drive, the
assignnent of disk sectors to LBAs is changed when the physical zone
boundaries are noved, to inhibit theiseduction of performance. [0078]
Specifically, logical head nunbers are first assigned consecutively to the
heads ot her than heads with a reduced |Iinear recording density (head HD3 in
the exanpl 81bBkFk Ge£bende0 H163Kk )N @R iIHGTRES dyuehcy? réspdh S e t 6T EDY
assigned to heads HDO, HD1, HD2, HD4, HD5 (the first group). [0079] The
assi gnmephe OhuflBba ECHRVD IR A BAYa $efdrsed out in the sequence of

| ogi cal head nunbers, the recording surfaces correspondi ng to heads HDO
HD1, HD2, HD4[oand]HD5 being taken in sequence, and the CYLID being

i ncreased successively so that data sectors are distributed over these
recordi ng surfadtcbeugh0GaGit vAts ipr eihetsairad Inexe vt evecatt ;s fare epaaopidedat
intervals of a certain nunber of LBAs or a certain nunber of tracks, data
sectors @ividedi giedeqdisigc @niodelsy afo nestpraliinp thackee sEUVAULZ 2862 18
havi ng consecutive CYLIDs on recording surfaces corresponding to the

renai ni n§lhedldcht R es RISV IDAH e¥miainad GRIVHDIERY MEREFRbRE of

recordi ngatracks in the second group corresponding to the tracks tQ which

dat a secf8ré F&Fd Bt idieTHhed 57theH i o 1 2185 28559841 e now

assigned. in, for exanple, sequentially decreasi order of CYLID. [0081
V\hengt het85§ir‘§nm51ir%1cozrfm ed® ?cﬁbé/crb ‘?ﬁt?%gd%?a he3a - CEyLD, a<[31nd d}ata

sector cqQrrespaonding to each LBA is t rded. | on-yo i]e, y
pr ovi dedgfaﬁvtohgelglﬁfq%,ls’f &Octexnaerf:p T narédlplj%{;%@?{é'r n?%e%ﬁ%e?’éalgﬁggﬁé di sk,

as the agdl 43S <" YWAIH LA AL SR gfr.v%f@ia&y%ogitﬁéngat QgeRti cal

formul as équival ent to thi en access Is perforned in a

di sk dri gy BeMiddhtdies aipusrdescrddee, typerofsdata sector assignment has

been carriéed out, the nunber of tines the track format table is rewitten
is reduced, agosywy in FIG 14, for exanple. Accordingly, overhead due to
table rewiting is reduced, and the performance of the disk drive is
enhanced. [008%e Ruditerons eat titeichucdessi sectocs ease dhvifiedCihl Bhidsen
data sectors are assigned on the first group (the recording surface's
cor r espomeiyngaro bee adsi g y HBdt ebn e HDAroiDE e andmbee gGicdatsi ve decrease
in the CYLID when data sectors are
sectors recorded in the data areas 52 provided in each zone
(logical zone), and the positions of the individual data
areas 52, which are indicated by the physical servo sector
numbers. (the values assigned to the individual servo
sectors).
[0030]
Information indicating the positions at which the data
sectors are divided (for example, information indicating
that the n-th data sector in a zone is divided, with p bytes
recordedq in the m-th physical sector and g bytes recorded in

the (m"# 1)-th physical sector) is recorded, together with

information indicating the position of each data sector and



01 AU G 20U2 19 assigned on the second group (HD3) can reduce the nunber of
conparatively |long seeks (the seek between track n and track 1 '@ 2@@2
14) and shorten the seek tinme, further contributing to the enffancenent 1n
performance. This effect becones prom nent as the nunber of groups of
recording surfaces with different physical zone boundaries increases.

[0084] In the description above, a cagge in which the zone boundaries of
only one recording surface differed fromthe other recording surf aces was
descri bed; when the zone boundaries of two or nore recording surfaces
differ fymntnde Othgstr geondi agvideldaces 4 BASH easEHORebBSs, ol gus.
[0085] If the recording surfaces (the second group) having zone boundari es
di f f er emiori +wvlLébelet hemorgcandithg T 53ceHx tdunnipllest «r olp)a have
mutual Iy identical zone boundaries, first, consecutive |ogical head nunbers
are firgiredstgnetined theaf beadhel ditske first group, and consecutive

| ogi cal head nunbers are assigned to the heads in the second group. [0086]
Data sectors [@0Bhé ffirst group and data sectors in the second group are
assigned in turn at predetermned intervals: for exanple, at intervals of a
certain nunbefnothipadigk drixeksthes lfeaditl sefd aalsbta Tetiong i4hiEive
assignment, the CYLID increnent in the first group is the reverse of that
in the JutddBedrBOpLy-sax RYteszoH viF e AL WRH Hksslosabedfdtmed in a
disk drive ipn which_this type of assignnent of data sectors to LBAs has
been carfTLHBEOS Phethifoly tor dnds Mo H9He T (2 (bl S6FEF ouPPy L en
can be reduced, a ho in FIG 15. [0088] Wen the recording surfaces in
t he secon 6?068 ﬁ%@é g?ffering zone boundaries, first, sectors are
assigned in tbgog5rst group, with the CYLID successively increasing; at
predeterm ned rnfervals, for exanple, at intervals of a certatn nunber of

LBAS or 1 ackenodRtacReetarn Aneiys ek o eabofad ent sERadigY Surfaces

in the second group, changing the CYLID increnent alternately at each

recordi ngnguchecy [R0GRL BPHH i1 Yoo A B S@ES O Ehd Nsdbeotirst group (on
t he recording sur?aces corresponding to HDO, HD1, HD2, and HD4) are

ass~, ghedot&bpsuaaasgsiteelthd rEyBASInh A dS, d4led as SE€EdOr SuBbethes
recordi ng surface corresponding to head HD5 in the second group are

assi gnedlacahedud thes iphyisy aidc reeasian gs €id iDsnumsinelr dRH SN seft bhe on t he
recording surface corresponding to head HD3 in the second group are

assi gnedphshcedc segyiov slertiqwr eam e T Th, ingoxhatwhon n(@nLE6et)0090]
When access is perforned in a disk drive in which this type of data sector
assignneﬁpdﬁggtggghwg%ﬁhqgjqnﬁ1dqm% sector is divided or not, or if

it is divided, how many bytes are recorded in the instant
data area.

[0033]

Thé*position PHSN indicates the servo sector number of
the servo sector to which the beginning of the data sector
belongs. The offset value is 00h if the data sector is not
divided, and is the quotient of the number of bytes of data
recorded in the first data area 52 divided by five (01h to
6Dh [= 545/5 = 109 in decimall]) 1f it is divided.

[0034]



01 AU G 2002 21 sector nunber indicates the data sector nunbep of
sector assigned to the corresponding LBA. [0041] In this di skmfiéuﬁtmf
time required for switching heads 2 by switching in the armelectronics 3
(for exanple, the tinme occupied by ten physical servo sectors) is shorter
than the tinme required for seeking the heads to the adjacent track (for
exanpl e, ei ghteen physical servo secti®ms), so performng the type of

assi gnment shown in FIG 8 enhances the performance of the disk drive.
[0042] When this disk drive is manufactured, a test of the soft error rate
(SER) is carfirad GHpI Lapl F&6 o dhPgimihf 86€e 29t PALAAH cBE Bt els0843]
Previously, a disk drive passed only if the SERB of all of its recording
surf acesowang WedHusd herawerabi€at | othé i mhkimbfendnbkrdbifva@awas consi der ed
defective if there was even one recording surface on which the SER exceeded
t he spesieidtoats gred itedck [ D9D4gduienndhed, dané Hwovbyitesmamef act ur ed,
however, if the SERs of all recording surfaces are within the specification
limt, necdssteyr pecaaiagsaensrt (oli@Pbytei ferpthei RERN asdmaae uni f or m on
all recording surf aces, but if there is a recording surface on which the
SER excégde tinr spwidquebie¢nh vabue AULEG Phe2dakal serctort pambiegedrs recor di ng
density of this recording surface is reduced, reducing its SER The track
pi tch | $teEed At 3h e easkOipbeUs] thre dASH FRFECFpaEMPegaliitgelif the
upper limt of the SERis -5 éegui valent to an error rate of 10-5, because
in the §O8S R A3 TarReiStPRBRtated as a logarithmto the base ten),
and if anong 'd%%gcordi ng surfaces, the SER of the recording surface
correspondi nglsqo ad HD3 is -4.8, exceeding the specification limt, as

shown in FIG e n, Lf i Rei i.thin an all owabl e range
(for exanpl e,é %fr%'%% %E%HYRJE F?lﬁgg fésg%gﬁggﬁt ﬁ(l(a)%a\léqatg\li/}/abl e range is one )
order ofayRANIHUe) ondBe1phYsh ek ohaNCHRAHALRN kB Ainfls ALY surfaces

are changed, [0046] As was seen In F[G 2 above, the SER decreases by

appr oxi el - HNse Br dehcRf aiBgattuderi Eathe 1bigiean rRe@r di nthidersddyei s
reduced by about ten percent, so if the linear recording density is reduced
by aboutid efe@er&edt ifnat peetigcordingdsdirtaceonwithie @iReor oSER A tdheroM
recordi ng surface corresponding to head HD3), it can be anticipated that

t he SERiof the sHb@chbrdrnglsewhace, wehll hecoeadappriexi fatelexanpl8s, which is
within the specification limt. [0Q47] One nmethod of reducing the |inear
recor di nnelameneyyi bt of| thgt HBG bhéupéngo@peirattiencl ock used in recording

and
[0036]

In commanding this hard disk drive to record or
reproduce data, a personal computer, workstation, or other
informé;ion—processing device specifies an LBA (logical
block adaress), rather than the cylinder ID, physical servo
sector number, and data sector. LBAs are assigned as serial
numbers, from recordable positions, so a table that converts
them to the corresponding cylinder ID, physical servo sector
number, and data sector number is needed.

[0037]

Tﬁis hard disk drive accordingly carries out the

conversion of L.BAs and data sector numbers using an address



01 AU G 2002 23 reproducing, but in this disk drive, the physical zone
boundaries are changed to reduce the |inear recording densi ty,Qa’;dg‘W%QUz
FIG 10. [0048] FIG 11 indicates the change in |inear recordi Ng denstt
(BPI') on the entire recordi ng surface when the physical zone boundaries are
noved while the rel ati onship between physical zones and | ogical zones is

| eft unchanged. The horizontal axis ne&dicates the novenent of the zor-~e
boundaries in units of the track pitch, the positive direction indicating
the state in which they are noved toward the outer perineter of the

magnet i o8k sionThaneS el i thé neh& adieswih hen prIGENs . change i n the

| i near recording density. According to this, if the zone boundaries are
nmoved oatideedsbyonkeitsiere tdbius ansd | sigedipicatl yr ankiuflequidadkent to 1.5
zones), the linear recording density can be reduced by ten percent. [0049]
It i s neoesshoyn Howdher drtawiolds museriglef endingdotbeal pdirgkiedepasci ty, so
HD3 i.s reduced by ten p~ recording density, this increasing the capacity [
00. 50 ]in¥ieadiioge pasittins bountke i Regpetitedbskér (Ef -gRBecapaci ty of
recording surface ~roent, in proportion to its |linear reduction nust be
made upHf ohepd . ofC 11 ldiiar  ecr ¢ ARt b9 f BeedtieRgRHPE, tPh&DPSoStDiedhs of
the zone recording surfaces (HDO to HD2, HDM, 01 AU G 2002 24 HD5) are

al t er edPR5G&SEse the |inear recording density by two percent. In this
way, a capacigy mlar to the total capacity of a disk drive in which the
zone boundari'd¥3Hve not been changed can be obtained. [0051] Increasing
the linear recor.di sity. o e 1.ng nfa ( to HD2,
HD4, HD5) by fﬁﬁg%ggggh%’1n¥?h$sé§g§8%%eéoh§§9%%%Begéglfh§%§ﬁR@€§%y much,
and as AREWAJdbIhEnal AN0Y e [ DEER 00 KNEAB1ECCAUR RAnSYef aces was | ow

before thei'r zone boundaries were changed, so the SER after the zone
boundar y,GRaN08 46 Btse Md hDviRersRecthkCabhaNakislighmen@032bie

described below, and other information.

[0039]

As shown in the address conversion table in FIG. 8, the
assignment of data sectors to LBAs in this disk drive is
carried out so that after data sectors in tracks having the
same CYLID on a plurality of recording surfaces have been
assigned, the assignment proceeds to data sectors in the
sequentially adjacent tracks. When zone boundaries have
been chéﬁged as described below, however, the order of
assignment of data sectors to LBAs is changed; the details
will be more fully explained in the description of the
operation.

[0040]

In _this address conversion table, the logical head
number'ﬁndicates the logical head where the data sector

assigned to the corresponding LBA exists, and the data



After the change of zone boundaries is carried out as described above,

a
tabl e (zone boundary table) indicating the boundaries of the pl—gs‘) $U%293?
on each disk recording surface is recorded in a ROMin the HDC 5, or~i

predeterm ned area on the magnetic disk 1. Alternatively, a function

equi valent to the zone boundary table can be inplenented in the
above-descri bed address conversion table or by an equival ent |ogic design
(mat hermati cal formulas). [0053] If necessary, the above-descri bed address
conversion table c~ also be created and recorded in the ROMin the HDC 5,
or th awprietett@ren ectlarfsarmat t tebhaghet rewdiskeh. inctbaldsG 2002 25
Alternatively, mathematical formnulas equivalent to the address conversion
tabl e mip lidesatgmasy MBntappedr sbbvebef0084E10es, aFprodbetset hat was
formerly treated as defective can be redeened as good, |eading to inproved
yi el ds €@ sadduceth coxereaseobn] tirpenvmpas Qlfr £am8g Sa thies Ladpdievd s hat
altered the track pitch according to recording and reproduci ng

char act &evWatiitden an R9eriae ng FBCtAE HBOVELIBBRINCaPeFfOMAIEE iAf Japanese
Kokai Patent_ Publication No. 255412/1996, but no consideration was given

t her ei n ¥ KB MF¥¥fe: recordi ng capacity of the disk drive as a whol e
constant. It %i'fgﬁo t hought that the seek characteristics of that disk
drive may be % ed because of the non-uniformtrack pitch. [0056] In

contrast thergto ith this disk.drive,.it i 0SS h~, ~ 0 i.n..the same
total disk dPﬁV%t%%%ﬁ%lt?naggﬁﬁe%lfhegr%gﬁé %g%n%afﬁégmg%g:ﬁﬁ %%%v%d.

VDT €OVelao d - 86k pAL Clli SnGRBSRARhCRN bl Srdicsledll inthre SoURLE1ds O

degradati1 on of seek characteristics due to non-uniformtra pitch.
are moved, to inhibit the reduction of performance.

[0678]

Specifically, logical head numbers are first assigned
consecutively to the heads other than heads with a reduced
linear recording density (head HD3 in the example in FIG.
13). Logical head numbers 0, 1, 2, 3, 4 are thereby
assigned to heads HDO, HD1l, HD2, HD4, HD5 (the first group).

[0079]

The assignment of data sectors to LBAs is carried out
in the sequence of logical head numbers, the recording
surfaces corresponding to heads HDO, HD1l, HD2, HD4, and HD5
being taken in sequence, and the CYLID being increased
successively so that data sectors are distributed over these
recording surfaces.

[0080]

At _predetermined intervals, for example, at intervals

of a céftain number of LBAs or a certain number of tracks,

data sectors are assigned consecutively to recording tracks



[0057] In the description above, a case in which the SER of one recording
surface exceeded the specification Iimt was described, but ifﬂth\QEhQQUZ
two or nore recording surfaces 01 AU G 2002 26 with SERB above the
specification |imt, the |inear recording densities of these recording
surfaces can be simlarly reduced, while the linear recording density of
the other recording surfaces is incréedsed. Yields can thereby be further

i nproved. [0058] The anobunt by which the zone boundaries are noved can al so
be varied according to the SER val ues that are out of specification. For
exanpl enakfinlyt HfddGasi d dadise dherddde@ing eserfhpgsdensity by five
percent, then fromthe above FIG 11, one can see that it suffices to nove
the zoneokgergadnidanpuidairk byeemerndundies senens¥cbhuegtbaphs. ibn this
case, the linear recording density of the other recording surfaces only has
to be i nbhieaseddhHDIE greraninbeéD050] rétdedmayi veagkst ha rheeskaondar i es
can be preset to increase the linear recording density on all recording
sur f acegrowp tdve gErsgsunpin@nte htte t eatkmebe wheiohdidagadenstbyswhlavebe
reduced on one or several recording surfaces with poor SERB, and the zone
boundar bPegnofasisignest i e stiF¥sicegroip h- pobatSEReCEanshbarehanyed at t he
time of manufacture. A contribution can thus be nmade toward a

si npl i f PE&LBYe Dfinhd rmrkraepPle ngeprertialinddacreasérlorrépr of
manuf act uri_ng costs. [ Q060] 01 AUG 2002 27 Furthernore, since there is
generaIF§L§8he variation in the SERB of the recording surfaces, even when
there is no rquifing surface with an SER that exceeds the specification
limt, a cont§ on toward an inprovenment in SER for the disk drive as a

whol e, and tHerd AN |AELERSEAD T8 LARMLEYG, CRICDROTBIR N dhedicl ng the

| i near recording ensi e recor g surface wt e Wwor st "SER

reduci ngddss 10 0061d data sector corresponding to each LBA is
recorded in a non-volatile memory provided in the HDC 5, for
example, or in a predetermined area on the disk, as the
address conversion table shown above in FIG. 8, or as
mathematical formulas equivalent to this table.

[0082]

When access is performed in a disk drive in which the
above-described type of data sector assignment has been
carried.out, the number of times the track format table is
rewritten is reduced, as shown in FIG. 14, for example.
Accordingly, overhead due to table rewriting is reduced, and
the performance of the disk drive is enhanced.

[0083]

Furthermore, the successive increase in the CYLID when
data sectors are assigned on the first group (the recording
surfaces corresponding to heads HDO, HD1l, HD2, HD4, HD5) and

the successive decrease in the CYLID when data sectors are



The operation of a disk drive with the structure described above wll be
expl ai ned bel ow. [0062] Froman LBA (logical block address) & MWAdE 2002
recordi ng or reproducing is commanded from an external device, using the
address conversion table for obtaining data sector nunbers from | ogical

bl ock addresses, which is stored in t menory 5b, control unit 5a derives
paraneters ZCHS (Z--zone, H -1ogical ad, C-cylinder (CYLID, S--disk
sector) indicating a position on a magnetic disk. Alternatively, these
paraneters can be derived fromset mathematical fornulas, as nentioned
above. [DVBBINEBnPRothansecends grouer kHPE )r cads relducabahe- dewdrirbert t r ack
format table corresponding to the derived zone, and stores-~it in a
predet erfRPRYCAELUE LR LABINERBKS bhhe| segksbeftivegs tthackcnugindhdahck
(physical head) corresponding to the 01 AU G 2002 28 derived | ogi cal
head, arfi tontt®lElfhe %%ﬁ?&%iﬁBOBFePhéhﬁe§&§k2t&webh§u§¢#@électronics 3

t hrough cqg%ro%ugnit 4e go that the outpuyt of this physical head is
suppl i e PO T HRUEEPY al P phP Gl PRMARGRPEP L N4RCEFQTRRICE -get@ig GELREL [ 0064]
Cont r ol ' . I K t r.ol t t visibl di
Co the dirromsl BrSRAESRt 47 e BaERRy o emriRee OF ARSI g T he target
track. [&%ﬁicé@rﬁﬁ?’(?rdif‘ éPQnrthg gé%‘cﬁf IR a8 i QbR act ual
recording positions fromdata se P P nuUMbers, contror unit 54 Jdeterni nes

the actual recesging position fromthe data sector derived as described
above, and controls the operation of the timng detector 5c. [0066] The

timng detectDi bEetBEes6BYpEBhI absvkhear eaaed/ ineRhatHCeHd Hoa@ t hr ough
control unit 4e, according to control fromcontrol unit 5a, and

recor di roduedaniesi o oslgadbheedesvirdahgt Bargasiel idak rereldh & doat AHE ng
surface of the disk 1 corresponding to the appropriate LBA. [0067] The
oper at i ovtle¥ | rqoordendesurfbedsi waspdesdetidield; WO@aSlthBurziong t he
reproduction of a physical servo sector, the
boundaries of two or more recording surfaces differ from the
other recording surfaces, LBAs are assigned as follows.

[0085]

If the recording surfaces (the second group) having
zone boundaries different from the other recording surfaces
(the first group) have mutually identical zone boundaries,
first, consecutive logical head numbers are first assigned
to the beads in the first group, and consecutive logical
head numbers are assigned to the heads in the second group.

[0086]

Data sectors in the first group and data sectors in the
second group are assigned in turn at predetermined
intervals: for example, at intervals of a certain number of
LBAs orrtracks, as described above. During this assignment,
the CYEiD increment in the first group is the reverse of

that in the second group.



cl ock generator 4d reproduces a reference clock and servo data fromthe
repr oduced out put of the recorded track, which 01 AU G 202 23 i.s supplied
fromthe armelectronics 3. The reproducing of this referenc:ﬂ I MG Zhe
servo data can be carried out using the channel 1C 4, or by the HDC 5,
using signals supplied fromthe pul se detector 4g. [0069] During recording
in a data area 52, the record data i s2&upplied fromthe HDC 5 in paralle
(eight bits), for exanple, and this data is tenporarily stored in the
buffer 4a. The ENDEC 4b reads a certain nunber of bits of data according to
control frompeygypl unit 4e, and perforns 8-9 encoding, for exanple, to
avoid continuous runs of 0's or 1's. The clock generator 4d generates the
cl ock (RDWICiWfjertistbd«d 1€psodteimed angl 4 egosxi agidat an wheéch this
serial/parallel converter 4c converts the data encoded by the ENDEC 4b to a
serial gygpealofaceyiinmieio dhedaed esencers! vekl.BAsdhasppkeas catrrtildugh t he
armelectronics 3 to the head 2. [070] During the reproducing of a data
area 52,0uthe thepriotveed of ghihes rone t headlkafioemat tappki éd trhewaidgitarhe arm
el ectronics 3 to the channel 1C 4. The serial/parallel converter 4c

recover £a ddodkeduert ¢ hes r epewdutedt bat pld- of the head 2, and converts the
serial signal (reproduced output) to parallel data according to the

ref erence cl %@herated by the clock generator 4d according to the
recovered cl ock. The reproduced output that has been 01 AU G 2002 30
converted to Pl tRe ?%F@%nﬂeﬁﬁﬁgﬂ°%§ tRetBRDEECEBA FRQUBUHFVI%d t hr ough

the buffer _4a to the HOC 5. .[0071] Lf there is a recording surface wth a
poor  SERHAFRHED (SRS CRPOORB  S3UnEAFF be. RRGECBECAENARGRGTAS diser | bed
above, thg, re) ALl opsiLp bgivEepnLogiERh DGAEEsBTYeRYY $héFeasing: at
predeterﬁined intervals, for example, at intervals of a
certain number of LBAs or tracks, data sectors are assigned
to each of the recording surfaces in the second group,
changing the CYLID increment alternately at each recording
surface.
[0089]
Specifically, data sectors in the first group (on the
recording surfaces corresponding to HDO, HD1l, HD2, and HD4)
are assigned with successively increasing CYLIDs, data
sectors on the recording surface corresponding to head HD5
in the second group are assigned with successively
decreasing CYLIDs, and data sectors on the recording surface
corresponding to head HD3 in the second group are assigned
with successively increasing CYLIDs, as shown in FIG. 16.
[0090]
When access is performed in a disk drive in which this

type of data sector assignment has been carried out, the



heads i s changed, and the assignnment of data sectors to LBAs is changed.

[0072] |If the physical zone boundaries have not been changed,
sectors have been assigned to LBAs on tracks having the sane Q%Aaﬁm a

plurality of recording surfaces, the assignnment proceeds to the
sequentially adjacent tracks. [0073] Vﬁen this type of data sector

assi gnnent has been perforned, during’%ecording/reproducing oper ati ons,
after tracks having the same CYLID have been accessed successively through
the six heads fromHDO to HD5, the tracks having the next CYLID are
accessedsedtonghuneatsipdbcatepDheafddtaceessopr oupdgs of tthies dadya t he
CYLID increasing sequentially, as shown in FIG 12. [0074] In the case
illustrateeteh FFeldned bR F%é FeEsraPARIdnef &8 correspondi ng to each head
fromHDO to HD5, the physical zones agree with the |ogical zones assigned
to the D1 h&%ﬁééoz 31 physical zones, and the physical zone boundaries

agree, so if #ra Ks have tge,sane %YLID t hey can b% accessed .on each

recordi ng sur ﬂcg ﬁ§iﬁbs§ ThgPe £P&ckIFSr ﬁuﬁ§ﬁpe.ofb§ﬂﬂ there is a
di ¢ e di Ccal daries. .

nccess (ietiEcRoBRabhAsEhRE T R PR e e R T B PR v

dependi ngngncifie bEEARILAILSULEACENyAT TS Skirted AR ) i AR M | ar

to that In Fi Is perf ition, i'S necessary to

rewite thent taeKtipeMBREqhabka kefokeeridqafther nReeRSTd T @ d R HH Ng
surface with differing |ogical zones. In the case shown in FIG™ 13, for

exanpl e, tpAckr agks wihhip@él | B3 gBfteRnt phyaidal tedvd lsdctdi@Oessy Yy to
rewite the track format table during the switchover fromhead HD2 to head

HD3 and peerswniabovhe type bEadsHRgninentieatiowid inbeumus s tdimharmes
boundaries of the recording surface corresponding to HD3 differ fromthe
zone bouhde~peesovmanke ofhé&her ddskdidmgveur f aces. [ 0Q 76 ]

[0042]

When this disk drive is manufactured, a test of the
soft error rate (SER) is carried out on each recording
surface and paired head.

[0043]

Previously, a disk drive passed only if the SERs of all
of its recording surfaces were within the specification
limit; the disk drive was considered defective if there was
even one recording surface on which the SER exceeded the
specification limit.

[o044]

When this disk drive is manufactured, however, if the
SERs of all recording surfaces are within the specification
limit, the linear recording density (BPI: bits per inch) is
made uniform on all recording surfaces, but if there is a

recording surface on which the SER exceeds the specification



In conparison to the switching tinme in the armelectronics 3, the rewiting
of the track format table is not negligible, because as noted£ﬁﬁo t§ﬁ
Length of this table is about eight hundred bytes. Moreover, iﬁ@JG 02
recordi ng/ reproduci ng, the nenory 5b is also used as a record/reproduce
buffer) and is used by the control program executed by the control unit 5a,
so if the frequency with 0 ~ AUG 204 32 nunber of times the track format
table is rewitten can be reduced, as shown in FIG 16. [0091] - In a

di sk drive according to this enbodi nent, as described above, yields can be

i mprovediRytl edHel 19nkbhe Hd&%%dﬂﬂaﬂdéﬁéﬂﬁgkﬁﬁﬂﬂn&éﬂkédﬁ¥H£H@9 surfaces
with a poor SER, thereby inproving their SER, and di sk drive performnce

can be gnhaneediby reldargidg ddmcimderity sFExi gmmhttfcklgiftgeciors to
LBAs. [0092] 2nd enbodi nent A disk drive according to the second enbodi nment
of the peaseanti avemhien daseconfigured as in FIG 1, described above.
[0093] In the first enbodi nent descri bed above, the physical zone
boundari es off 00d&drdi ng surfaces with poor SERs were noved-in the direction
that reduced their linear recording density, but in a disk drive according
to the seconf@cesbowi radvits, soecilfinmlly ecidr dilgy uhoet tinit refutlke and t he
SER i nproved by changing the |ogical zones assigned to t he physical zones
on a reb&BRdilrg -Sur(feard Wailtem ta tgpdin SERomi tdortohold ng bPheapkesiival zone
boundari es. EOOQ%k L )
the SER, e error rate is indicated as a logarithm to the
base ten), and if among six recording surfaces, the SER of
the recording surface corresponding to head HD3 is -4.8,
exceeding the specification limit, as shown in FIG. 9, for
example, then if this SER is within an allowable range (for
example, if the SER is -4 or less, when the allowable range
is one order of magnitude), the physical zone boundaries on
the recording surfaces are changed.
(00461
As was seen in FIG. 2 above, the SER decreases by
approximately one order of magnitude if the linear recording
density.is reduced by about ten percent, so if the linear
recording density is reduced by about ten percent on the
recording surface with a poor SER (the recording surface
corresponding to head HD3), it can be anticipated that the
SER of this recording surface will become approximately
-5.8, which is within the specification limit.
[0047]

One method of reducing the linear recording density is

to lengthen the period of the clock used in recording and



0 ~ AUG 2002 33 Specifically, when the disk drive is manufactured, a soft
error rate (SER) test is carried out on each recording surfac{] 3nAUGsZUUZ
paired head, as in the first enbodi nent. [0095] Moreover, the |ogical zones
correspondi ng to the physical zones are changed on recording surfaces with
poor SERB. [0096] To show this specifically, if the upper limt of the SER
is -5 (equivalent to an error rate of 230-5, because in the SER the error
rate is indicated as a logarithmto the base ten, as stated above), and if
anong si x recording surfaces, the SER of the recording surface
Corresr)%@mdaxig,acbdi%m Sthfls 831 §KCEEN89 the %ﬁgﬁ_&&b@%bﬁ@ limt, as
shown above in FI 9, for exanple, then if this SERis wthin an all owable
range (bounedads arnd dhendER t6 rdaesel €88, 10heart becakhigwabl e range is
one order of magnitude), |ogicat_zones one rank | ower than on other

sur f acedenfsdrtyexaplshovat eimsBi@netiot o t he physical zones on the recording
surface corresponding to this head HD3. [0097] That is, as shown in FIG

17, on the rdd®4fing surfaces corresponding to heads other than head HD3,
the | ogical zones LO, L1, ... listed in Table 1 are assigned to physi cal
zones 2~0, zZEIG. 1} rgrMdiertestehedtharger inoliheairnmecodidamst er, but on
the recaording surface corresponding to head 01 AU G 2002 34 HD3, the

| ogi cal & 1 1(BED) on the qupjre1rgperaisBpghvgfasephpsencihezones 20, Z1,
... fromthe outer digneter to the inner diapmeter. [0098] Fromthe above
FIG 11PHY&S i ZRe iPQURYpElef atei YrKert WBileoghearelahdonssiphysi cal
zones redyces the |line recordin ensity by abouyt 6.5~ and fromFIG 2

t he SER%legcwreeedhcpg'H{sonc% ot s 7?“809??18%% Bénﬁﬁt Si S&?éd“{‘ﬁ nGRL -SER of
the rec i o S LD o, HD3 wi || o 5.5, which is

w thi o RS dRahRER, B S BRRELEBeb T HE b pigRE B thRdeiont . ¢ he
above-d e j of <1 pgi.c n p i ‘ S is recorded
as an aggfggs cé%iZ?gﬁgﬁf%%b%g ?ﬁéaet%%ﬁi§§th'Hgé%5?%%%%?&%a pr edet er m ned
area on diledBieticaféskidg théespatbVvehywnikbnCaRehe dripherRet ed as a

| ogi ¢ design (mathemati cal ?ornulas) equi val ent to an address conversion
tabl e. ttdwarsd tHe |outéi sperbadt8enbs @B60OmegngitY c @S skn 1t.he mig st

vertical axis indicates the percent change in the linear
recording density. According to this, if the zone
boundaries are moved outward by about one thousand five
hundred tracks (equivalent to 1.5 zones), the linear
recording density can be reduced by ten percent.

[0049]

It is necessary, however, to obtain a predetermined
total disk capacity, so if the capacity of recording surface
HD3 is reduced by ten percent, in proportion to its linear
recording density, this reduction must be made up for by
increasing the capacity of the other recording surfaces.

[0050]

Therefore, in this example, the positions of the zone

boundaries on the other recording surfaces (HDO to HD2, HD4,



enbodi ment descri bed above, yields can be inproved and product costs
reduced by reducing the linear recording density on recordingﬂsmrp@}@qz h
poor SERB, thereby inproving their SERB. [0101] Tc~ achi eve a predeterm ned
capacity for the disk drive, it is also necessary to conpensate for the
capacity 01 AU G 2002 35 shortfall qpe to the reduction of the |inear
recording density. In the first enbod%nent, the capacity could be finely
adj ust ed, because the zone boundaries were noved. Fine adjustnment of the
capacity is difficult in the second enbodi nent, however, because the

| ogi cal HB9Nesrassilgeedd aPhvHredsZ RS Bt £ argeskd ieg odeh8gty, biyhe zone
boundari es shoul d be preset on the assunption that that |ogical zones wll
be changed, paecehat. t lTe aapacivay shorddmddittpesimilde tedtloeéi botafl t he

| i near recording density on recording surfaces with a poor SER i s assi gned
t o ot hecapacatd o surdisakesirieyiing whigdodtiBER op® 1I9@kndasieadhaireassi gni ng
| ogi cal zones to physical zones on a one-to-one basis, it is also possible
t 0 changett heeassihgmaedt cen dad |gekdigred o preserve a fixed capacity, for
exanple, to assign |logical zones (LO, L1), (L1, L2), ... to physical zones
Z0, zI, ....[P&533] Alternatively, it is possible to pre-design, for
exanpl e, the _nunber of data sectors recorded in the tracks in each | ogica

zone on the ZSSHASSIHT t1RR NPT MeRFOTLTHYT dH RS HER PRyt P PEBETY educed on
recordi ng surfaces with poo B t | ogi cal zones assigned
Lo physPREPLARGE St dahes i vy 0 ¢ alud ol Bb Ty o brBaRE R A0S
differ fromthe her recording surface [ ] 1 G.20
PerfornFn&stm%¥t)ﬂ%§(ﬁé%k%ﬁ%ﬁé%%ﬁl%%%t?%%d?%g?omgggfn%*?f?%agﬁgﬁgof t he
manuf act, ur i pr, n r ctio i . al so
pontrib% e%?%'aﬁpgﬁgﬁggég%n §%QS_ ﬂ%?é?ﬂgg§§g§igéigg?ggégéwﬁé e?eg%d an

I ncr easgeled ey} i fdhe WolfEMFLLY FbEe | ERSREESCOEOLRE BBRSHEY QY the
recording surface wth the worst SER, thereby reducing its SER, even when

there i $nR0 AREOBHUIIStY f @Eenyé t hs aa1 SERvi BRinexaeedpetheispegioni cation
limt. [0105] The operation of a disk drive with the structure described

above willimilte expl ai ned below. [0l 06] In this disk drive, |ogical head
nunbers 0 to 6 are assigned sequentially to heads HDO to HD6, and after
data sectors [@P52hcks having the sane CYLID have been assigned to LBAs
across a plurality of recording surfaces, the CYLID is sequentially

i ncreased andfted riharcherggneEntone Bavadasdesr 4S| SapEirer M8, &% in the
above-descri bed FIGS. 12 and 13. %0107] When access _is perfornmed on a di sk
drive i dagqciPehtabeert orstaale baeneaBerpAagyi fabhed waEicadidbwn in

FIG 18, each tipne a track js reproduced, it is necessary to rew.te the
above- dddt MRRAIAGERS 1 8F kot BBVELSE Lt RBPESi PBNGOER Froh HESTOMAS and

the Sm‘aﬁig¥ggefiéﬁgg£§E gdkgﬁ'a ROM in the HDC 5, or in a

predetermined area on the magnetic disk 1. Alternatively, a
function equivalent to the zone boundary table can be
implemented in the above-described address conversion table
or by an equivalent logic design (mathematical formulas).
[0053]
If necessary, the above-described address conversion
table can also be created and recorded in the ROM in the HDC

5, or Iﬁ a predetermined area on the magnetic disk 1.



[ 0108] 01 AU G 2002 37 If this type of rewiting of the traﬁlfmt%oeqz
table is perfornmed, access can be carried out wwth a head sw t°chi r

simlar-to the conventional order. [0109] The control |oad increases,
however, if the track format table is rewitten in response to head
switchovers in every track. Mreover,_the performance of the disk drive may
be reduced if track format table rewiles are performed frequently, as
expl ai ned above. [0110] Therefore, two track format tables may be placed on
the nenory 5b, the table to use being selected according to the switching
of head3ltemaatiagiancynasfherakicahgtofmahast egukvadentit teabhe can t hereby
be reduced, |eading to an enhancenment in performance. [0111] As expl ai ned
above, ROHEPSS MY eHHAOTHItAPLE (RAX KPS of bt ' 2B aBPBELSNEBNPBRPYEI-vel y | ar ge,
and if the capacity of the mem-"ry 5b is limted, it may be difficult or
inefficient t{@%t%re two tables. [0112]

Thus, a product that was formerly treated as defective
can be redeemed as good, leading to improved yields and
reduced costs.

[0055]

There was already a disk drive that altered the track
pitch according to recording and reproducing charactgristics
(corresﬁonding to the above SER), as disclosed in Japanese
Kokai Patent Publication No. 255412/1996, but no
consideration was given therein to keeping the recording
capacity of the disk drive as a whole constant. It is also
thought that the seek characteristics of that disk drive may
be degraded because of the non-uniform track pitch.

[0056]

In contrast thereto, with this disk drive, it is
possibig to obtain the same total disk drive capacity as
when the zone boundaries are not moved. Moreover, the track
pitch is constant in this disk drive, so there is no
degradation of seek characteristics due to non-uniform track
pitch.

[0057]

In the description above, a case in which the SER of
one recbrding surface exceeded the specification limit was

described, but if there are two or more recording surfaces



If this is the case, performance can be inproved by changing t J'ﬂﬂygignEé
head ‘nunbers. [0113] Specifically, |ogical head nunbers 0 to 4 e i

consecutively to heads HDO to HD2, HD4, and HD5, for 01 AUG 2002 38
exanple, omtting head HD3, which corresponds to a recording surface with
reduced linear recording density; then |ogical head nunber 5 is assigned to
head HD3, and the assignnment of disk %&ctors to LBAs is carried out in the
manner descri bed above, in order of |ogical head nunber. [0114] Wen access
is perforned on a disk drive in which data sectors have been assigned in

t hi s wawitds SERsvabovée| the 18pecifheativa uhnétessaey ltimemew ite the track
format table in, for exanple, the switchover fromhead HD3 on track n + 2

t 0 head HdidOmhing atdnsi tids dfiethesquenacyrdingesnirifiacgsocanhde rack for mat
tabl e can thereby be reduced, restraining the reduction in perfornmance.
(0115] MeomEchagrly i redheedw viohbeether dimhead reb3rdd nige d¢nisddY wicadie t r ack
the seek to the adjacent track is carried out at the sane tine as the
rewiti FRAT (TRCQFGENXT f SR RBaCeable, 186TeREedi- ne YAgdgiSn Cad £heanebe greater
than in_sw tchovers between other heads. There is accordingly conparatively
| ess redfctiWEReT pEPPB?PHaRce when the rewiting of the track format table
is carried ouﬁoq%%ing this switchover. [0116] Furthernore, if the drive is
configured fo % ing two track format tables in the nmenory 5b, the

reduction in Hertor ANEe,§an PEn YhENSLnLeBHid G e dl Abb/hnovdl i, G 2002
also be varied according to the SER values that are out of
specification. For example, if it suffices to reduce the
linear fécording density by five percent, then from the
above FIG. 11, one can see that it suffices to move the zone
boundaries outward by seven hundred seventy-five tracks. In
this case, the linear recording density of the other
recording surfaces only has to be increased by one percent.

[0059]

Alternatively, the zone boundaries can be preset to
increase the linear recording density on all recording
surfaces, on the presumption that the linear recording
density will be reduced on one or several recording surfaces
with poor SERs, and the zone boundaries of the recording
surfaces with poor SERs can be changed at the time of
manufacture. A contribution can thus be made toward a
simplification of the manufacturing process and a reduction
of manufacturing costs.

[6060]



39 It is also possible to performthe assignment of data sect Ogitﬁu\ﬁ% as
shown in FIG 14 above, by first assigning data sectors to tra®k 02

the sane CYLID on recording surfaces on which the |linear recording density
has not been reduced, then proceeding to assign data sectors while
successively increasing the CYLID, but assigning data sectors at
predeterm ned intervals to adjacent 2facks on a recording surface on which
the linear recording density has been reduced, while decreasing the CYLID.
[0118] It is also possible, incidentally, to reduce the linear recording
density of tM@rohefRbLel €62hEBENENEHES A6 FenWhen 1N & cReRR £ 1 4 b1 1 AOI €
recordi ng surfaces exceed the specification limt. In this case, |ogical
head nuttierSERs t of 3théoreexainhg, sat€agaesi,Jeeenc olsac Whassd yid ondieads HDO
to HD2 and HD4, on which the recording density is not reduced, as shown in
FIG 2xetapnitay beaflacenméetd BnaSHR4 thed asceCeegivedhtep dyselist HEBt hon HDS,
whi ch correspond to recording surfaces with reduced |inear recording

densi t i Esnitndawhentdabatient doyazde aas dinprayemetBAN JER Besi gheent of
data sectors is perforned in order of |ogical head nunber. [0119] If the
assi gnndh$k oflrivgi gl ahwheleunbads tioyagdr Bdr defnengehiln way, as shown in
FIG 20, the frequency of rewiting of the track format table during access
can be FetirRYlahd . col Ry ®adeoPyAdedutid dditoridiftar pedf¥Yidde to
rewiting can be reduced, contributing to the prevention of performance
reduct | OPSEBY20F Fhej £egrLsifgs SUBtE W%iﬂgﬁ%?kﬂ%F%%c? s to LBAs as in
t he aboveaggggrib$d ghﬁ. 15, by first assigning data sectors to tracks
havi ng THe Sad CYrl B on recordi ng surfaces on which the linear recording
density has FBBsQ en reduced, then proceeding to assign data sectors while
successively 1ncreéasing the CYLID, but assigning data sectors at

pr edet er mi nedkNbakaks ok dif a0k g d e SR Rioeurecor di ng

surfaces on ich™t i near recording density has been reduced, while

decr eashBgckhBe§YhbBvel Widll & @ faGlePibdigy I nvention: In the present
i nvention, a disk-shaped recording nmediumhas a structure with a first

recordi ng sugbaeejand a second recording surface, the linear recording
density of which ~. ~ffers fromthat of the first recordi ng surface
accordi ng toFresoiagi fgrand agipraddudliagk chiitaede) i stiwsicBoreedrdingat were
conventionally treated as defective, when the linear recording density was
set uni P8r Feproduedely rdec sratimandad facen amredecredbededicyi engdngan be

i nproved, and costs can be reduced. [0122]
the address conversion table for obtaining data sector

numbers from logical block addresses, which 1s stored in the
memory 5b, control unit 5a derives parameters ZCHS (Z--zone,
H--logical head, C--cylinder (CYLID), S--disk sector)
indicating a position on a magnetic disk. Alternatively,
these parameters can be derived from set mathematical
formulas, as mentioned above.

[0063]

Control unit 5a furthermore reads the above-described
track format table corresponding to the derived zone, and
stores-it in a predetermined area on the memory 5b. It also

finds the actual head (physical head) corresponding to the



01 AU G 2002 41 Reductions in disk drive performance can also be inhibited
by the use of this type of disk-shaped recording nediumin a ikjﬁlﬂgbv§ f.
Brief Explanation of the Drawings: FIG 1 is a bl ock diagram ' t QO
structure of a disk drive according to a first enbodi nent of the present
invention. FIG 2 illustrates the relationship between the |inear 'density
of data recorded on a magnetic disk a8 the error rate. FIG 3 shows an

exanple of the recording format on a magnetic disk in a conventional disk
drive. FIG 4 shows an exanple of the recording format on a nmagnetic disk

n 2 dishediika a6eAcAINg Aok Yor®iHRAd T Al ddin gy esenEnénvention.

FIG 5 shows an exanple of zones provided in the radi al
heads 2 by the arm electronics 3 through control unit 4e so

that the output of this physical head is supplied to the
serial/parallel converter 4c and clock generator 4d.

[0064]

Control unit 5a also controls a seek control system
(not wvisible) according to the derived cylinder (CYLID),
causing the heads 2 to move to the target track.

[0065] -

Mofeover, using the track format table for obtaining
actual recording positions from data sector numbers, control
unit 5a determines the actual recording position from the
data sector derived as described above, and controls the
operation of the timing detector 5c.

[0066]

The timing detector 5c¢ thereby controls the
record/reproduce timing through control unit 4e, according
to control from control unit 5a, and recording/reproducing
is carried out at the position on the recording surface of
the disk 1 corresponding to the appropriate LBA.

[0067]

The operation will now be described in more detail.

[0068]

buring the reproduction of a physical servo sector, the
clock Qenerator 4d reproduces a reference clock and servo

data from the reproduced output of the recorded track, which



direction on a magnetic disk. F2G 6 shows an exanple of the recording
format of a data gector recorded on a magnetic disk. FIG 7 Sﬁ&ﬁﬁAEﬁiQ@UZ
exanpl e of a track format table show ng the correspondence bet

sector nunbers and actual recording positions on a nmagnetic disk. FIG 8
shows an exanpl e of an address conversion table show ng the correspondence
bet ween | ogi cal bl ock addresses and daf® sector nunbers. 01 AU G 2002 42
FIG 9 shows an exanple of the positions of physical zone boundaries. FIG
10 shows an exanple of the positions of physical zone boundaries. FIG 11
i |1 ust r atiés SYRPFeaditFoemhtlpe batmeehet tieopdss t BonsThé pbpsbaabiagnes _
boundari es and the SER FIG 12 shows an exanpl e of the.opergtlon of a disk
drive. Fl%%lsl:? Gh ekemipl ndftheeseper adaba ofnabei sarried out

using the channel IC 4, or by the HDC 5, using signals
supplied from the pulse detector 4g.

[0069]

During recording in a data area 52, the record data is
supplied from the HDC 5 in parallel (eight bits), for
example, and this data is temporarily stored in the buffer
4a. The ENDEC 4b reads a certain number of bits of gata
according to control from control unit 4e, and performs 8-9
encoding, for example, to avoid continuous runs of Q's or
1's. The clock generator 4d generates the clock (RDWTCLK)
used for reproducing and recording data. The
serial/parallel converter 4c converts the data encoded by
the ENDEC 4b to a serial signal according to the reference

clock, and supplies it through the arm electronics 3 to the

head 2.

[0970]

During the reproducing of a data area 52, the
reproduced signal from the head 2 is supplied through the
arm electronics 3 to the channel IC 4. The serial/parallel
converter 4c recovers a clock from the reproduced output of
the head 2, and converts the serial signal (reproduced
output) to parallel data according to the reference clock
generated by the clock generator 4d according to the

recovered clock. The reproduced output that has been



drive. FIG 14 shows an exanple of the operation of a disk drive. FIG 15

shows: an exanple of the operation of a disk drive. FIG 16 SPP?BA&F% | e
of the operation of a disk drive. FIG 17 shows an exanple o he 'C

zones assigned to physical zones in a disk drive according to a second
enbodi nent of the present invention. FIG 18 shows an exanple of the
operation of a disk drive. FIG 19 shé®s an exanple of the operation of a
disk drive. FIG 20 shows an exanple of.the operation of a disk drive. 01
AUG 2002 43 Reference Nunerals: 1 magnetic disk 2 head 3 armelectronics 4
channel doa@verted to parallel data is decoded by the ENDEC 4b, and
supplied through the buffer 4a to the HDC 5.
[0071]
If there is a recording surface with a pooxr SER and the
physical zone boundaries have been changed as described
above, the relationship between logical heads and physical
heads is changed, and the assignment of data sectors to LBAs
is changed.
[0072] -
If the physical zone boundaries have not been changed,
after data sectors have been assigned to LBAs on tracks
having the same CYLID across a plurality of recording
surfaces, the assignment proceeds to the sequentially
adjacent tracks.
[0073]
When this type of data sector assignment has been
performed, during recording/reproducing operations, after
tracks having the same CYLID have been accessed successively
through the six heads from HDO to HDS5, the tracks having the
next CYLID are accessed through heads HDO to HDS, and access
proceeds in this way, the CYLID increasing sequentially, as
shown in FIG. 12.
[0074]
In the case illustrated in FIG. 12, on the recording

surface- corresponding to each head from HDO to HD5, the

physical zones agree with the logical zones assigned to the



4a buffer 4b ENDEC 4c serial/parallel converter 4d cl ock generator 4e

control unit 4g pul se detector 5 HDC 5a control unit 5b nmeno 5 2L
det ect or 01 AU G 2002 -44 dains: 1. A disk-shaped recordizg1ngﬁyﬁﬂzﬂﬁQ

conprising: a first recording surface having a first linear recording
density in a certain radial position; and a second recordi ng surface having
a second linear recording density, di8ferent fromsaid first |inear
recording density, in said certain position, wherein said first and second
recording surfaces have a plurality of recording areas in which the
recor di phybileglezoyess amistthid plegaicilessond pamdavbes nagheer adbal
direction of the disk. 2. The disk-shaped recordi ng nmedi umof claiml1,
wher ei nifs&mreackisr fiavandheecame (Y, ridooy dtay bensctessedrenseachi th t he
positions of the

recording surface using a single track format table.

[0075]

When there is a recording surface with different
physical zone boundaries, however, even in access to tracks
having the same CYLID, the logical zone may differ,
depending on the recording surface, as described above. If
access similar to that in FIG. 12 is performed in this
condition, it is necessary to rewrite the track format table
before and after access to the recording surface with
differing logical zones. In the case shown in FIG. 13, for
example, on tracks with CYLIDs of n + 1 and n + 2, it is
necessary to rewrite the track format table during the
switchover from head HD2 to head HD3 and the switchover from
head HD3 to head HD4, because the zone boundaries of the
recording surface corresponding to HD3 differ from the zone
bounda¥ies of the other recording surfaces.

[0076]

In comparison to the switching time in the arm
electronics 3, the rewriting of the track format table is
not negligible, because as noted above, the length of this
table is about eight hundred bytes. Moreover, during
recording/reproducing, the memory 5b is also used as a

record/reproduce buffer, and is used by the control program

executed by the control unit 5a, so if the frequency with



boundaries of the recording areas on said second recording surface, in the

radial direction of the disk, differing fromthe positions o h
boundaries on said first recording surface. 3. The di sk-shapgd1 réycﬁ(zﬂrog

medi um of claim 1, wherein: said first and second recording surfaces have a
plurality of recording areas in which the recording frequency is constant
regardl ess of position in the radial gjrection of the disk; and said first
and second linear recording densities are set by setting different
recordi ng frequencies for recording areas in the sane position, in the
radi al diueid @F ofinde thektrasksfbdmbtr shblecdasdireyrdirtfeac eaandesai d
second recordi ng surface. 01 AU G 202 - 45 4. The di sk-shaped recording
medi um aledapedf ad ashoewil 1w BIGwhebein said first and said second |inear
recording densities are set according to recording and reproduci ng
‘characteristild%¥]said recording.surfaces. 5. A nethod of manufacturing a
di sk-shaped recordi ng nedi um conpr[sin% the steps of: measuring recording
and reproducilfy &hdkdet@¥ivei agcerdénghtreddid f§PodiMedd of2® di sk- shaped

recordigg medi um having a plurality of recordi ng surfaces; and
escribed above, yields cah be improved by reducing the

linear recording density on recording surfaces with a poor
SER, thereby improving their SER, and disk drive performance
can be enhanced by changing the order of assignment of data
sectors to LBAs.

[0092]
2nd embodiment

A disk drive according to the second embodiment of the
present invention is configured as in FIG. 1, described
above.

[0093]

In the first embodiment described above, the physical
zone boundaries of recording surfaces with poor SERs were
moved 1n the direction that reduced their linear recording
density, but in a disk drive according to the second
embodiment, the linear recording density is reduced and the
SER improved by changing the logical zones assigned to the
physical zones on a recording surface with a poor SER,
without moving the physical zone boundaries.

[0094]



setting said plurality of recording surfaces to a first recording surface
having a first linear recording density in a certain radial { ) a
second recording surface having a second |inear recording demisl )A% %%2
differing fromsaid first linear recording density, in said certain radial
position, according to said recording and reproduci ng characteristics,
wherein said first and second |inear 33%cording densities are set by
providing a plurality of recording areas in which the recording frequency
is constant, regardless of position in the radial direction of the disk, on
the first recpediifyciliiacevhavhethsadilski dsiveedor siangfavtiaed, @ set. 6.
The nmet hod of manufacturing a disk-shaped recordi ng nmedi um of claimb5,

wher ei nsoditd efrimest 1=k s teskaisreaoriedgodénsint eesharecoatdimg
providing a plurality of recording areas in which the recording frequency

i s conssamfaceegardliess pdipedihead, i ast ke thei irditr emboddiment.ne di sk, on
the second recordlng surface, when said second recording surface is set,

and setting tlf¥%okitions of the boundaries of the recording areas in t he
radial direction of the disk in positions differing fromthe boundaries of
the recordi n§lohei®emon e dLe9+<elr 2eBREI AETTEFPRREINT &P ABeG 2002 - 46 7

The et %%d sofcar?nzugnaé:st uéfggchagégé Sha ggo;:%(i%rgdlsr& ré%(jelsuanl%h CLloac; m s,

SERs.

[0096]

To show this specifically, if the upper limit of the
SER is ;5 (equivalent to an error rate of 10°°, because in
the SER, the error rate is indicated as a logarithm to the
base ten, as stated above), and if among six recording
surfaces, the SER of the recording surface corresponding to
head HD3 is -4.8, exceeding the specification 1limit, as
shown above in FIG. 9, for example, then if this SER is
within an allowable range (for example, if the SER is -4 or
less, when the allowable range is one order of magnitude),
logicaltzones one rank lower than on other surfaces, for
example, are assigned to the physical zones on the recording
surface corresponding to this head HD3.

[0097]

That is, as shown in FIG. 17, on the recording surfaces
corresponding to heads other than head HD3, the logical
zones LO, L1, ... listed in Table 1 are assigned to physical
zones ZB, 21, ... from the outer diameter to the inner

dlameter, but on the recording surface corresponding to head



wherein said first and second linear recording densities are set by:

providing a plurality of recording areas in which the recordi 1frﬂjse ﬁ
is constant, regardless of position in the radial direction o hA sZﬁ zn

the first recording surface, when said first recording surface is set; and
providing a plurality of recording areas in which the recording frequency
is constant, regardl ess of position i #*the radial direction of the disk, on
t he second recordi ng surface, when said second recording surface is set,
the recording frequency of each recording area differing fromthe recording
area i nHxe s kegileal psenesohlonliai d-fi A&t Tedder di mFes @sisdaned. The
met hod of manufacturing a di sk-shaped recordi ng medi um of any of clains 5
to 7, wiét dwsieakorenesréf. rale of -chERMs&DE o¥derdidHGgelrad® itheised as
said recordi ng.and reproduci ng characteristics. 9. In a recording and

r epr odudi Pl }Y#C¥SF - recor di ng and reproduci ng on a di sk shaped recording
nediun1posses€i$% f first recording surface having a first linear recording
density in a QY& n radial position, and a second recordi ng surface having

a second linear regcordi depsity, . different fromsaiq first.|inear
recording denst?V, T4 %§888C2?§aiﬁlraBFﬁfoﬁ&ﬁﬁﬁzg%l?a ¥&Eordi ng and

" epr oduc] gy FELDRA GOMPLLIENY LBRES! €8S e SEhe Gl KRERIANG sy faces on

whi ch to per m recor g and reproducing according to comman
addr esses; n £0aNGLBGr-E DRyl HBRAN t§e69 dbbetdRNSt Y Rfa e Frg, and the

reproduci ng according to
SER is reduced by about 0.7, so it can be anticipated that
the SER of the recording surface corresponding to HD% will
become -5.5, which is within the specification limit.

[0099]

As in the first embodiment, the above-described
assignment of logical zones to physical zones is recorded as
an address conversion table in a ROM in the HDC 5, or in a
predetermined area on the magnetic disk 1. Alternatively,
it can be implemented as a logic design (mathematical
formulas) equivalent to an address conversion table.

[0%001]

In this embodiment, accordingly, as in the first
embodiment described above, yields can be improved and
product costs reduced by reducing the linear recording
density on recording surfaces with poor SERs, thereby
improving their SERs.

[0101]

To achieve a predetermined capacity for the disk drive,

it is also necessary to compensate for the capacity



t he selected recording surface; and 01 AU G 2002 -47 perform ng recording
and reproduci ng, changing the recordi ng and reproduci ng char ggter, bics
according to the changed |inear recording density. 10. A disifarﬂuj 2002
conprising: a disk-shaped recording nedium having a first recordi ng surface
having a first linear recording density in a certain radial position, and a
second recording surface having a secdAd |inear recording density,
different fromthe first linear recording density, in said certain radial
position; a recording and reproduci ng neans perform ng recordi ng and
repr odushogtpalihaudi sk- shepeddueddiot f e UMnesar asseshrdipgur f ace
sel ecti on neans sel ecting recordi ng surfaces on which to performrecording
and repdensttpng, Tnomheofimsdecmdddligssds,; thd icmmcitecoreiihd bensity
alteration nmeans changing the linear recording density according to the
recor di fgnelyf addustkdct beclaysehdheegordi Mpddnics sedretnoyedeans; and a
control means changing the recording and reproduci ng characteristics of
sai d r eEbrdi agiurdmeapr odfudivey arnasl tie dot A 1B 4 thel | HearseeeBAdi ng
density changed by ) .
embodiment, however, because the logical zones assigned to
physical zones are changed; accordingly, the zone boundaries
should be preset on the assumption that that logical zones
will be changed, so that the capacity shortfall due to the
reduction of the linear recording density on recording
surfaces with a poor SER is assigned to other recording
surfaces, having a good SER.
[0102]
Instead of assigning logical zones to physical zones on
a one-to-one basis, it is also possible to change the
assignment as called for to preserve a fixed capacity, for
example, to assign logical zones (LO, L1), (L1, L2), ... to
physical zones Z0, Z1,
[0103]
Alternatively, it i1s possible to pre-design, for
example, the number of data sectors recorded in the tracks
in each logical zone on the assumption that the linear
recording density will be reduced on recording surfaces with
poor SERs, and to make the logical zones assigned to
physical zones on the recording surface with the worst

measured SER differ from the other recording surfaces.

[0104]



the linear recording density alteration neans, wherein said bLi;& d
second recording surfaces have a plurality of recording area kﬁgéﬁnﬁhe

recordi ng frequency is constant, regardless of position in the radial
direction of the disk. 11. The disk drive of claim 10, wherein: said first
and second |inear recording densities are set with the positions of the
boundaries of the recording areas of s¥# d second recording surface, in the
radial direction of the disk, in different positions fromsaid first
recordi ng surface; 01 AU G 2002 -48 said linear recording density

al terati on neResfohmhggs thihe ktiypeaofr desridinngate rointtyridedsy diogato t he
recordi ng surface selected by said recordi ng-surface sel ecti on neans; and
sai d com¥mplitanstihangés thhempoudaditng iaxgd prowesdu@andy d regfiericionf said
recordi ng and reproduci ng nmeans according to the |linear recording density
changed & maeufpgsuripgceprditig ddisicap Alser &onddr idies thd® he recording
area in which recording and reproducing are perforned. 12. The di sk drive
of cl ai HAPFOVaRERE A SEBr £0gr £hg FHFKadTVofass A FHhSst I AR ng

surfaces; . . . .
increase in reliability, by reducing the linear recording

density of the recording surface with the worst SER, thereby
reducing its SER, even when there is no recording surface
with an SER that exceeds the specification limit.

[0105] .

The-operation of a disk drive with the structure
described above will be explained below.

[0106]

In this disk drive, logical head numbers 0 to 6 are
assigned sequentially to heads HDO to HD6, and after data
sectors on tracks having the same CYLID have been assigned
to LBAs across a plurality of recording surfaces, the CYLID
is sequentially increased and a similar assignment of data
sectorsris performed, as in the above-described FIGs. 12 and
13.

[0107]

When access is performed on a disk drive in which data
sectors have been assigned in this way, as shown in FIG. 18,
each time a track is reproduced, it is necessary to rewrite
the above-described track format table at the switchover
from HBP2 to HD3 and the switchover from HD3 to HD4.

[0108]



there are one or nore of said second recording surfaces; said recording and
repr oduci ng neans perforns recording and reproducing in the rﬁ:@rAU@ 2@ S
of each said recording surface in data recording units of a predeterm ne

| ength (data storage); the disk drive has an address conversion neans for
obtaining the data sectors corresponding to said commanded addresses in
each said recording area; and when assi7’gni ng data sectors to said
addresses, the address conversi on neans assigns data sectors sequentially
in the sane position in the radial direction in said plurality of first
recordi ng surffacdsis ttepe pef f vewsithisggofiehhe whatk Sacwetsitably Vs yi ng
the position in the radial direction, and assigns data sectors in
consecutRerfqored | onecepstgenrbgi aargiedcepsnwikhsai Beadcswd tebdadi ng
surfaces at predetermned intervals, the_ variation in position in the

radi al AR i vHbErRgtoppeei cenyenthanrahnerdghta sectors are assigned in
said first recordi ng surfaces. 0 ~ au~ Zoo2 -49 13. The disk drive of
claim 10, whek®t®91said first and second recordi ng surfaces have a

lurality of recordi reas_in which the recording_fr ncy.is constant,
Pe;ard:egs ofT$%s??$gﬁ°£nf?%@|FBHF%FSSFreBPWSXeB¥ ¢ tRd erabK ° >

format table is rewritten in response to head switchovers in
every track. Moreover, the performance of the disk drive
may be reduced if track format table rewrites are performed
frequently, as explained above.

[0110]

Therefore, two track format tables may be placed on the
memory 5b, the table to use being selected according to the
switching of heads. The frequency of rewriting of the track
format table can thereby be reduced, leading to an
enhancement in performance.

[0111]

As explained above, however, the size of the track
format table is comparatively large, and if the capacity of
the memdry 5b is limited, it may be difficult or inefficient
to store two tables.

[0112]

If this is the case, performance can be improved by
changing the logical head numbers.

[0113]

Specifically, logical head numbers 0 to 4 are assigned

consecutively to heads HDO to HD2, HD4, and HD5, for



the disk; said first and second linear recording densities are set with the
recordi ng frequencies of the recording areas of said secondOr'écAUGrmﬂz
surface differing fromthe recording frequencies of the recording areas in
the sanme radial positions on said first recording surface; said |inear
recording density alterati on neans changes the |inear recording density
according to the recording surface seB#&cted by said recordi ng-surface

sel ection neans; and said control neans changes the recordi ng and
reproduci ng frequency of said recording and reproduci ng neans according to
t he | i nearanmoos dmit diens | iyad MY e dwibich heotrraspondecbodangedending
alteration neans and the recording area in which recordi ng and reproduci ng
are per fsoynfate mitiTheedicekd dkinveanf refarding, deneity n: thanr dogiead
plurality of said first recording surfaces; there are one or nore of said
second P&t URPRTIrY abesasshyuet ckordpag BRd. r apfobhei Agshermensertor s
recordngﬁgnd reproducing_in the recordingFateas of each said recording

surface KoL Y e r P nigPmi 18 oRTELp( QB et FBB TBREER £85CE1PEE ors) ;

t he di sk .drive has an add efs coaﬁgﬁsian nesns for obtaining the data
sect or s T ¥es pdhdPh et P 5altA9Ls 988 AYYPESses in each said recording

area; and [0114]

When access is performed on a disk drive in which data
sectors have been assigned in this way, as shown in FIG. 19,
it becomes unnecessary to rewrite the track format tgble in,
for example, the switchover from head HD3 on track n + 2 to
head HDO on track n + 3. The frequency of rewriting of the
track format table can thereby be reduced, restraining the
reduction in performance.

[0115]

Moreover, in the switchover from head HD3 to head HDO
in each track, the seek to the adjacent track is carried out
at the same time as the rewriting of the track format table,
so the time margin is a little greater than in swiltchovers
between "0ther heads. There is accordingly comparatively
less reduction in performance when the rewriting of the
track format table is carried out during this switchover.

[0116] '

Furthermore, if the drive is configured for storing two
track format tables in the memory 5b, the reduction in
performance can be further restrained.

[0117]



01 AU G 2002 -so when assigning data sectors to said addresseg, , th ddr ess
conversi on neans assigns data sectors sequentially in the sarré 1)0Ail§(2”0021

the radial direction in said plurality of first recording surfaces, then
assigns data sectors sequentially in the sane position in the radial
direction in said second recording surfaces. |Is. In a disk drive having at
| east two recording surfaces, a disk #ive conprising: a first recording
surface having a first linear recording density in a certain radial
position; and a second recordi ng surface having a second |inear recording
density, dif fldr det dlrsammpegdibdlie sto |percorm edos dasigigiementyofi datai d
certain radial position, wherein said first and second recordi ng surfaces
have a pegtaist ytoofLBAst ardigigpvar eas F¥G whi £habdree r eleyr 8ingtf requency i s
constant regardl ess of position in the radial direction of the disk.
. Ay3E. AAgasigning Alath Ao atracky avigy e same CYLID on
. AN. A. AhL. AL A9. A. ASuy9. A; . A . A, . A 39. AY .

recording surfaces on which the linear recording density has

not been reduced, then proceeding to assign data sectors

while successively increasing the CYLID, but assigning data

sectors at predetermined intervals to adjacent tracks on a

recording surface on which the linear recording density has

been reduced, while decreasing the CYLID.

[0118]

It is also possible, incidentally, to reduce the linear
recording density of two or more recording surfaces, when
the SERs of two or more recording surfaces exceed the
specification limit. In this case, logical head numbers O
to 3, for example, are assigned consecutively to heads HDO
to HD2 and HD4, on which the recording density is not
reduced, as shown in FIG. 20; logical head numbers 5 and 4
are asfigned to heads HD3 and HD5, which correspond to
recording surfaces with reduced linear recording densities;
and when data sectors are assigned to LBAs, the assignment
of data sectors is performed in order of logical head
number,

[0119]

If the assignment of logical head numbers is performed
in this- way, as shown in FIG. 20, the frequency of rewriting

of the track format table during access can be reduced and
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edia that wére conventionally treated as defective, when
the linear recording density was set uniformly on each
recording surface, can be redeemed, yields can be improved,

and costs can be reduced.

[0122]
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inhibited by the use of this type of disk-shaped recording

medium in a disk drive.
4, Brief Explanation of the Drawings:

FIG. 1 is a block diagram showing the structure

of a

disk drive according to a first embodiment of the present

invention.

— FIG. 2 illustrates the relationship between the

linear

"density of data recorded on a magnetic disk and the error

rate.

FIG. 3 shows an example of the recording format
magnetic disk in a conventional disk drive.

FIG. 4 shows an example of the recording format
magnetic disk in a disk drive according to a first

embodiment of the present invention.

on a

on a

FIG. 5 shows an example of zones provided in the radial

direction on a magnetic disk.

F1G. 6 shows an example of the recording format
data sector recorded on a magnetic disk.

FIG. 7 shows an example of a track format table
the correspondence between data sector numbers and a
recording positions on a magnetic disk.

FIG. 8 shows an example of an address conversio

showing the correspondence between loglical block add

and data sector numbers.

of a

showing

ctual

n table

resses
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zone boundaries.

FIG. 11 illustrates the relationship between the
positions of physical zone boundaries and the SER.

FIG. 12 shows an example of the operation of a disk
drive.

FIG. 13 shows an example of the operation of a disk
drive.

FIG. 14 shows an example of the operation of a disk
drive.

FIG. 15 shows an example of the operation of a disk

drive.

FIG. 16 shows an example of the operation of a disk
drive.

FIG. 17 shows an example of the logical zones assigned
to physical zones in a disk drive according to a second
embodiment of the present invention.

FIG. 18 shows an example of the operation of a disk

drive.

FIG. 19 shows an example of the operation of a disk

drive.

FIG. 20 shows an example of the operation of a disk

drive.
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4e control unit

4g pulse detector

5 HDC

5a control unit

5b memory

5c timing detector
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second recording surfaces have a plurality of recording areas in which the recording

frequency is constant regardless of position in the radial direction of the disk.

2. The disk-shaped recording medium of claim 1, wherein:
said first and second linear recording densities are set with the positions of the
boundaries of the recording areas on said second recording surface, in the radial direction

of the disk, differing from the positions of the boundaries on said first recording surface.

3. The disk-shaped recording medium of claim 1, wherein:

said first and second recording surfaces have a plurality of recording areas in
which the recording frequency is constant regardless of position in the radial direction of
the disk; and

said first and second linear recording densities are set by setting different
recording frequencies for recording areas in the same position, in the radial direction of

the disk, on said first recording surface and said second recording surface.
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having a second linear recording density, differing from said first linear recording density,
in said certain radial position, according to said recording and reproducing characteristics,
wherein said first and second linear recording densities are set by providing a plurality of
recording areas in which the recording frequency is constant, regardiess of position in the

radial direction of the disk, on the first recording surface, when said first recording

surface is set.

6. The method of manufacturing a disk-shaped recording medium of claim 5,
wherein said first and second linear recording densities are set by:

providing a plurality of recording areas in which the recording frequency is
constant, regardless of position in the radial direction of the disk, on the second recording
surface, when said second recording surface is set, and setting the positions of the
boundaries of the recording areas in the radial direction of the disk in positions differing

from the boundaries of the recording areas on said first recording surface.
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surface, when said second recording surface is set, the recording frequency of each
recording area differing from the recording area in the same radial position on said first

recording surface.

8. The method of manufacturing a disk-shaped recording medium of any of claims
5 to 7, wherein the soft error rate of each said recording surface is used as said recording

and reproducing characteristics.

9. In a recording and reproducing method for recording and reproducing on a disk-
shaped recording medium possessing a first recording surface having a first linear
recording density in a certain radial position, and a second recording surface having a
second linear recording density, different from said first linear recording density, in said
certain radial position, a recording and reproducing method comprising the steps of:

selecting recording surfaces on which to perform recording and reproducing
according to commanded addresses;

changing the linear recording density of recording and reproducing according to

the selected recording surface; and
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a second linear recording density, different from the first linear recording density, in said
certain radial position;

a recording and reproducing means performing recording and reproducing on the
disk-shaped recording medium;

a recording-surface selection means selecting recording surfaces on which to
perform recording and reproducing, from commanded addresses;

a linear recording density alteration means changing the linear recording density
according to the recording surface selected by the recording-surface selection means; and

a control means changing the recording and reproducing characteristics of said
recording and reproducing means according to the linear recording density changed by
the linear recording density alteration means, wherein said first and second recording
surfaces have a plurality of recording areas in which the recording frequency is constant,

regardless of position in the radial direction of the disk.

11. The disk drive of claim 10, wherein:
said first and second linear recording densities are set with the positions of the
boundaries of the recording areas of said second recording surface, in the radial direction

of the disk, in different positions from said first recording surface;
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corresponding to said commanded addresses in each said recording area; and

when assigning data sectors to said addresses, the address conversion means
assigns data sectors sequentially in the same position in the radial direction in said
plurality of first recording surfaces, then performs assignments while successively
varying the position in the radial direction, and assigns data sectors in consecutive
positions in the radial direction in said second recording surfaces at predetermined
intervals, the variation in position in the radial direction being opposite to that when data

sectors are assigned in said first recording surfaces.
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said first and second recording surfaces have a plurality of recording areas in
which the recording frequency is constant, regardless of position in the radial direction of
the disk;
said first and second linear recording densities are set with the recording
frequencies of the recording areas of said second recording surface differing from the
recording frequencies of the recording areas in the same radial positions on said first
recording surface;
said linear recording density alteration means changes the linear recording
density according to the recording surface selected by said recording-surface selection
means; and
said control means changes the recording and reproducing frequency of said
recording and reproducing means according to the linear recording density changed by

the linear recording density alteration means and the recording area in which recording

and reproducing are performed.

14. The disk drive of claim 13, wherein:

there are a plurality of said first recording surfaces;

there are one or more of said second recording surfaces;

said recording and reproducing means performs recording and reproducing in the
recording areas of each said recording surface in data recording units of a predetermined
length (data sectors);

the disk drive has an address conversion means for obtaining the data sectors

corresponding to said commanded addresses in each said recording area; and
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when assigning data sectors to said addresses, the address conversion means
assigns data sectors sequentially in the same position in the radial direction in said
plurality of first recording surfaces, then assigns data sectors sequentially in the same

position in the radial direction in said second recording surfaces.

15. In a disk drive having at least two recording surfaces, a disk drive comprising:

a first recording surface having a first linear recording density in a certain radial
position; and

a second recording surface having a second linear recording density, different
from said first linear recording density, in said certain radial position, wherein said first
and second recording surfaces have a plurality of recording areas in which the recording

frequency is constant regardless of position in the radial direction of the disk.



