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[0002] 2.2 Prior Art: Di sk drives enpl oying magnetic di sks as
recordi ng nedi a have been evolving toward hi gh capacities and high
recordi ng densities in recent years. [0003] As shown in FIG 2, the
soft error rate (SER) of a nmagnetic disk is positively correlated with
increasing |linear recording density, this density being the nunber of bits
. per unit length in the track direction (BPlI: bits per inch), ihd the error
rate is known to have risen with recengly rising linear recording
fensities. The SER is indicated by the logarithmof the error count divided
by the data count (nunber of sanples). FIG 2 indicates the change in SER
as the linear recording density varies with respect to a predeterm ned

i near recprdi bgtdedsidt Peftyriphioheofiotheommedntdidns. From FIG 2, it can be
seen that, for exanple, the SER is about -5 (an error rate of 10-5) when
the TH S SHEETOBSLIBEN REPLACED 3 linear recording density is the
predeterm ned Li near recordina density_(1), but becones about -6 (an error

rate of 186), tREVEITSALr Bieldetf eBRE NG Gt oxi matel y one order of

itude, if i di density is decy. b t with
aspect Lo t he THECBREEPAnGRPIREEP TELBISE rip Gy OO | Wet hods

of _eaual i 2l el kaadar egoRdtRga IEASLEN, ARLARSIN, ey dig qur face of

t he magnetic ér to approximately equall ver the

entire reUAdnduikateno! of REORANRY | Lodll Mlor i L RS daed [ 000]

For exanpl e, rive according to the invention disclosed | n Japanese

Kokai Pat @iilsxPuRkheat W@RnNemp244089, 1898 &hyiglestddarnReording surface of
the magnetic disk into a nunber of areas (zones ZO Z1, Z2, ...) in the

radi al directiagnpoag shown in FIG 3, and alters the nunber qf dat a: sectors
recorded between servo sectors in each zone, accordirTg to its position in
the radi al2.@ r @ctiiognArtte equal i ze the |inear recording density of the
recording tracks in each zone.
Disk drives employing magnetic disks as recording media
have been evolving toward high capacities and high recording
densities in recent years.
[0003]
As shown in FIG. 2, the soft error rate (SER) of a
magnetic disk is positiveiy correlated with increasing
linear recording density, this density being the numbér 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 10°°) when the
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[ 0006] The SER can be substantially equalized over the entire
recordi ng surface of the magnetic disk by equalizing the |inear-recording
density in this way. [0007] 1 1TH S SHEET HAS HEN REPLACED 4 To
assure reliability, however, there is a set upper limt on the SER of a
disk drive. A disk drive is generally provided with a plurality of
recording surfaces, and a plurality of heads corresponding to the recording
surfaces. The SER varies considerably, depending on the nagnetic

char act éaingairc geshridiachaag sany tilse timegmatade téirskinethendheag, in a di sk
drive having a plurality of recording surfaces, because the |inear

recor di Agceadsingy deg surtiyf drlm.obugadiecogess dibogts uitf des, etrerSERtw ffers on
each recording surface. [0008] It has been custonmary to treat this
type of odi sll@'g)ri vihasededecta ve déctémsing sbevamoneimeralwisige sur f ace
havi ng an SER exceeding the upper limt. A resulting problemis decreased
yi el ds &&dernefeasddidtosies. {fothg) linear mesadidsingddiens idivsdlsosed in
Japanese Kokai Patent Publication No. 255412/1996 is a known exanple of a
di sk dr FEETEAS eso Ve thRELFEAE dhth Faspestditok the peedeterserest an
entire recording’surface s reduced by altering the zone boundaries on the
recordi&dnfﬁFfaggo 3 "$etd¥$™%¢ T *t rack pitch within each zone, according to

measur ed recq%ﬁiqq and reproduci ng characteristics. [0010] 2.3 Pioblens to
be Sol ved by 't 8 I'nvent i on:

Methods of equalizing the linear recording density
across the recording surface of the magnetic disk, ig order
to'approiimately egualize the SER over the entire recording
surface of the magnetic disk, are being considered.

[0C05]

For example, a disk drive according to the invention
disclosed in Japanese Kokai Patent Publication No.
147059/1995 divides the recording surface of the magnetic
disk into a number of areas (zones Z0, Zl, 22, ...) 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 recordiﬁg denslty 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"fecording density in this way.

[0007]

-



| THI' S SHEET HAS DEEN REPLACED 5 Control of the disk drive disclosed
i n Japanese Kokai Patent Publication No. 255412/1996 is conplex, however,
because the zone boundaries differ on each recording surface: a particul ar
probl em was reduced performance, because the seek characteristics are
degraded by the uneven track pitch. (0011] The present invention
addresses these problens, with the object of providing a disk-shaped
recordi ng medi um a nethod of manufactaring a di sk-shaped recordi ng nedi um

di ng - i . i sk Lve. { hat tribute t
pr ovements. | Oy EeP gt AnfiePSATRTEbRe TRVEREE: TATTS ThdBcTRg WORDT exi Ly of
trol i phi bi i dust i ' ] 4 f
cont ol i phbi LADACEROUE! hORSSKDaRELLOT IBNEge [0RGL 2o Meane ol
Lhe preseptoyiNeqtichogPiaes)cl! b2l -LECOE %gséf’féé‘é‘&,h yng a first
inear .recording density 1n a ceftain radial position, and a Second

recordi ngp surdaceyhayi RBads S€69PEshbAEA! €6 0F Kk NBe dGRBLAY  s@kEdoLent from
the first linear recording density, in said certain radial position. [0013]

The firstTR@dSERCOAL: EECOEHENPesHBI RCE8e PBYNA LAY ot ﬂﬁgr@£$&at9€ recordi ng
areas in which the recording frequency is constant regardless of position
in the radhatadthkfi SHEES &6 ARe- ERLBERhACER: magnetic disk.
Therefore, in a disk drive having a plurality'of recording
surfaces, because the linear recording density is uniform on
eqch recording surface, the SER differs on each recording
surface:

[0008]

It has been customary to treat this type of Aisk 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

- Publication 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 Pproblems to be Solved by the Invention:
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direction of the disk, and the first and second linear recording densities
may - be set by placing the positions of the boundaries of the recording
areas on the second recording surface in different positions, in the radial
direction of the disk, fromthe boundaries on the first recording surface,
or by setting different recording frequencies for recording areas in the
Sanme position in the radial direction _of the disk on the first recording
surface and the second recording surf ace. (0014] A et hod of
manuf act uri ng @Qoxlts& SHAPEite r@TEE v TR BN ARGEONG Ggptagets@exgk§§ent
i nvention conprises the steps of nmeasuring recording and reproduci ng
charact erPat¢rs bibkacatierorali nzs 543 AcE ©fisa dimplexh)apedeigeor di ng medi um
having a plurality of recording surfaces, and setting the plurality of
recor di ngPRe*raR ebhe ozend | beundaciordidigf farr faac edravicrgoadingst | i near
recording depnsity in a certain radial position and a second recording
surface hANFTHECE’ sRCRMELIGHEAT pRRFan Mparesiucgd getferiagctromthe first.
| i near recordin qgnsit , in that certain radial position, according to the
recor di ng° &R TeprURT Y TRt stics aqedegraded byAthecondivag and
repr oduci pg, tég@%ﬁccording to the present _invention is a nethod for
recordi ng and reproduci ng on a di sk-shaped recordi ng medi um possessing a
first recordingygiyface having a first linear recording density in .1 TH'S
SHEET HAS 5EE. 1.1 PLAGE.D 7 a certain radial position, and a second
recordi ng surfpee d Mk & SRGAN IR or.di ) different from
the first linear #gizrding densigg{ in fﬁ%%%cégkggngggg?é¥spogg{?on,
conpri si nthé heb fePsoOipreateninga rd@fs(kr-@hr&g;eau%ésg%iﬁg M@&E\'}Ht 0, perform
recordi ng and reproduci ng according to comanded addre3Sses,” €hangi ng t he
l'i near r ewattithdgpfemesiufeafurieepradidig kartapepr edderAg9ngdChoadhng L0 the
sel ected recording surface, and perform ng recordi ng and reproduci ng,
changi ng T$RCTEIW dinty zant adaywioduoietgrocharadt er dstk C8raes Of fafdci® t he
changed |inear recording density. [0016] A disk drive according to
the presef™iThRHiG diP dFRZOVEaSns sdiisk yékdgedndereddehjomedinnedeyj ng a
first recgﬁﬁgn surface having a first linear recording density in a

it F4h CoRRd eXid¥c 8d crassrdi Apdsip et iayi ng a second

certainr

|l inear r i density, different fromthe first |inear recording
density,qﬁﬁﬁgﬁggngkf?hﬁ%rﬁgﬁﬁﬁpcﬁositioi, a recordi ng and reproduci ng nmeans
perform ng reqqkq5ﬁg and reproduci ng on the di sk-shaped recordi ng nmedium a
recordi ng-surface. sel ecti on nmeans sel ecting recording surfaces on which to

perform recor i 2t RRLRILG BS fth%”b%m{ﬂg-ed addresses, a linear

recording density_alteration nmeans changi'ng e linear recording density
according to haisecehdped secbaaengeheat 64l Q¥c«5£§ix§ &0 dﬂlﬂ-‘.g-psruersfeancte

sel ection neans, and a control means TH' S SHEET
1nventhn comprises a first recording surface having a first
linear fécording density in a certain radial position, and.a
second recording surface having a second linear recording
density, different from the first linear recording density,

in said certain radial position.

[0013]
Thg first and second'recording surfaces may have a
plurality of recording areas in which the recording

frequency 1s constant regardless of position in the radial




changi ng the recordi ng and reproduci ng characteristics of the recording and
r epr oduci ng neans according to the linear recording density changed by the
‘Finear recording density alteration means. [0017] 2.5 Enbodi nents: First
enbodi nment ' FIG 1 is a block diagram showi ng the structure of a disk
drive according to a first enbodi nent of the present invention. [0018]

Thi s di sk drive conprises magnetic di sks (di sk-shaped recording nedia) 1 as
recordi ng media, heads 2 for recording and reproduci ng data on the magnetic

disks 1, an armelectronics, (AE) circuit_that supplies recording signals to
t he headsgkr%ﬁﬁl‘b’i‘c‘%é E}be(‘i if?féé)“e‘hef’diﬁatp %?e‘;ﬁ”&dﬁ‘c 476§ t he heads 2,

y channel |IC i ngl/ duci ol ) i

omvar o oFeERFEEs SRAPHETEE ThaF BY SONIEP niRARY che BssEORECR Y
troll L Ol i.ar i t us,

Cotl udli neEppePEdat 8L SENERG SelOFa RS £odl il Il SRe ApPATLUS,

for exanpkecobBigg 58EPLES Cifli 8KBrdrefRCGho dRONATd .C i Hhel rRAgatecordi ng
surface's on both sides; heads 2 and armel ectronics 3 are provided for

each recoadragtsonfacethel dlitk S SHEETTHAD QifduEY Ad-Rhed £i@820) As
shown in FIG 1, the channel 1C 4 conprises a buffer 4a storing data from

t he HDC Srandrdang sorbaceentdrtbyt et HDG XiffrermamtodEmdodddager ( ENDEC) 4b
that encodes data to be recorded and decodes reproduced data, a

seri al / pafaktieenchagseforrracording caneas tin efvpdaine anwidigat 4nt dha seria
signal, and _converts a reproduced signal to parallel data, a clock

gener at or Tadiphafigentrar et athef @k eRcen cihr K ot kesoTdiing SMFEfREBr oduci ng
(a reference for RDWMCLK), a control unit 4e that controls the operation of
the chann@Rd| 818 $8°aNAnBEEOTAMBI aSPEFRE det ect or 4g that reproduces servo

si gnal s. (0014]

A method of manufacturing é disk-shaped recording
medium according to the present invention comprises the
steps of measuring recording and reproducing characteristics
of each recoxrding surface of a disk-shaped recoxrding medium
having a plurality of recording surfaces, and setting the
plurality of recording surfaces.to a first recording surface
having a first linear recording density in a certain radial
positiog and a second recording surface having a second
linear recording density, differing from the first linear
recording density. in that certain radial position,
according to the recording and reproducing characteristics.

[0015] |

A recording and reproducing method according to the
present _invention is a method for recording and reproducing
on a dfék—shaped recording medium possessing a first

recording surface having a first linear recording density in
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(0021) The HDC 5 conprises a control unit 5a having an MPU or the

li ke, a nmenory 5b for caching record/reproduce data and storing various
tables and the |like used for control of operations, and a tim ng detector
5c that detects the record/reproduce timng when the recording or
reproduci ng of data is-commanded. [0022] As shown in FIG 4, areas in
Which tracks 50 are recorded are fornmed concentrically, with a certain

wi dth, 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

per f or m dgceFagknngaddplr sosidd@na @ada aas@sont) IBLoNddnghiseir f@stea sector s
are recorded. For sinplicity, these are only partially shown in FIG 4.
[0023] havingha §eFPBdatdR&as] TRCOTHIHTo L&D SHE Wi @ﬁ&?@l“@s fatom &l ut i on
(for exanfle iGO./GG% on the surface of the magnetic disk 1. Physical
servo sebtbti AEBRAR FEROTOARG GRS it Yeerdo 1H& ST tadd *@éia i cati on
information, such as a cylinder |ID CYLIE? and physical servo sector nunber
(PHONE  PRGEH BT satpBPERAIEE: o SoRin ey FRIS e HRACHIDS physi cal

sector, is_pecorded ig.tﬁe e servo_areas Sé:at f exanpl e,. the tinme of

manuf act UFe-2F6022f ¥°+° %gr€81§§EFbF§°§F IW@EEW%EEQH#qaﬂfiﬁﬁ&sicaI Servo
t . : i fixed- I , dl f

Thei 1 o8P e Boant £ anCoRfepREq etk R ok o I e T et G025y

7S Shoun.BoFhFag aehllE cake 31efas dih flhdlidithd iy SRRl =

(physicaf zones) “int ial direction. plain tthe concept’,

sinplifigdet 9esBEWed. 2eEaAIHRL U JRCOGRI R IAAGS I M8 i ch i's
the outernpst physical zone, with two data sectors per track in zone zl,

1.5 dat argpebatsing!, thadlging z20Re rédordi PR dHDERR/IGmger track in
zone 23. On an actual recording surface, ten zones (ZO to Z9)5 for exanple,

are provtedatBefllbSiSHEEECHAY ing tRERMCERankkd henead alecdddcld on, and
one thousand tracks, for exanple, are recorded in each zone. _
density.
(0016]
A disk drive according to the present invention
comprises a disk-shaped recording medium having 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 the
first linear recording density, in that certain radial
position, a recording and reproducing means performing
recording and reproducing on the disk-shaped recording
medium, a recording-surfaée selection means selecting
recording Surfaces on which to perform recording aﬁd
reproducing from commanded addresses, a linear recording
density_alteration means changing the linear recording
densitf according to the recording surface selected by the

recording-surface selection means, and a control means

-
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(0026) One of the | ogical zones shown belowin Table 1 is assigned to
each physical zone. 14. | TH S SHEET 1-1S REPLACED 12 Table 1 Logical
ZoneNunber of Logical Sectors LO400 Li 380 L2360 L3340 ' L4320 L5300 L6280

8

cﬁanging the recording and reproducing characteristics of
: the recording and reproducing means according to the linear

recording density chénged by the linear recording density
alteration means. |

[0017]
2.5 Embodiments:
Flrst embodiment

FIG. 1 is a block diagram showing the structure of a
disk drive according to a first embodiment of.the present
inventidn.

10018

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 recoxrding signals to
the heads 2 and picks up (amplifies) the output reproduced
by the heads 2, a channel IC (recording/reproducing control
means) 3 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
surfaceg on both sides; heads 2 and arm electronics 3 are

provided for each recording surface.




e 5l T R

L7260 L8240 L9220 L10200 Ar,shown in Table 1, the nunber of
sectors recorded-in each track in each logical zone (LOto L10) is
predeterm ned. Furthernore, with regard to one recordi ng surface,

dat a

| ogi cal

zones with fewer sectors are assigned to inner physical zones. [0027]

In the part of a data area 52 (physica% servo sector) in one track
sectors are recorded and reproduced w

, data

h 1l TrilSSHEE T 1-.""...,S

Lc.-111..,: REPLACED 13 a clock (reference clock) having a frequency
responsive to ?§§ngnber of recorded data sectors. [0028] Al t hough

si xty-si x phys

fhe nunber of data sectors drfférs i |

ervo sectors are provided, divided at certain angles of

the number of B8t 508k SRsFact 1 &< HPR BRERTEE Chet| HGTBRR B0nBe CHERRNC

Fdned to

the physigal s200e8, 5@chheBUTDRE Shcds!angeaRgLo eyl SERYOCSOEhar IS no!

necessarily an I nt r. as s ata sectfors m

vi ded at

arbi traryypeskti gASenaBde MY ePEaLECPEMBHCN4B! Yhak SRE¥AeSCELPLS +ol 3R29]

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 recoxrd/reproduce data and

storing various tables and the like used for control of
operations, and a timing detector 5c¢ that detects the

record?;eproduce timing when the recording or reproducing

data is commanded.
[0022]

'~ As shown in FIG. 4, areas in which tracks 50 are
recorded are formed concentrically, with a certainiwidth,
the recording surfaces of the magnetic disk 1. Each area
provided with a servo area 51, in which sexvo sectors are

recorded for performing tracking control, and a data area

of
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The positions at which data sectors are divided in this way can be uniquely
determ ned fromthe nunber of data sectors recorded in the data areas 52
provi ded in each zone (logical zone), and the positions of the individual
~data areas 52, which are indicated by the physical servo sector numnbers4the
val ues assrgned to the individual servo sectors). [0030] I nf or mati on
indicating the positions at which the data sectors are divided (for '
exanpl e, information indicating that the n-th data sector in a zone is
divided, with p bytes recorded in the mth physical sector and q bytes
recorded in trmaéﬁg sical sector) is recorded, together with

i nf or mat iV i HYivEEGH at‘h% %%%???%na%‘? P a I GG CHEYHI S SHEET
HAS E, EEN REPLACED 14 whet he not it is d|V|ded as a track format

tabl e, |ntréﬁsr?orﬁ%lodiwep%?rbi‘{yl¥ns}¥‘h‘e“%% fot- exanple, or in a

pr edet er m ned d%on t he disk. [0031] In this disk drive, the length
of a data sect Ttive hundred forty-six bytes divisible at positions

Shoan' i nFl 2"1‘6&6‘3' gy s %e%%;crsé%ﬁ%? HER R & coor ae
cor ?LZEE'an%‘r%fd' C%%LPQ%LC%%C??EE%?PZ S?LX?BEGEE 53 e BB ca (the
physi cal O B LEx MUMbepy FERN, of sélh@o PEyst SRl 1 BEEMR SES{ Or) » pai red
~with infor tron (an offset) 1ndicating whether the data sector is divided
or not, Ofndiuding Sa di&+¥&0pa PONCABAYG DYd &St BF £od L6 datedFnd Hifod NSt ant
such as a cylinder 1D (CYLID) and physical servo sector
nuﬁber (PHSN: Physical Sector Number) for identifying each
individdal'physical sector, i1s 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 sexvo areas 51 with a fixed-frequency clock,
regardless of their radial position, at the time of
manufacture, for exampler

[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 Z0O, which is the
outermost physical zone, with two data sectors per track in
zone 21, 1.5 data sectors per track in zone Z2, and one data
sector per track in zone Z3. On an actual recording

surface, ten zones (Z0 to 29), for example, are provided in

| [THlo SHEET Hig oo
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“data area. [0(133] The position PHSN indicates the servo sector
nunber of the servo sector to which the beginning of the data sector

bel ongs. The offset value is 00h if the data sector is not divided, and is
t he-'quotient of the nunber of bytes of data recorded in the first data area
52 divided by five (Oh to 6Dh [= 5S5/5 = 109 in decimal]) if it s
divided. [0034] | TH S SHEET HAS E., EEN . REPLACED ...-........

15 This table requires a m ni mirh of ei ght hundred bytes in total,
because from Tabl e 1, the maxi num nunber of data sectors per track is four
hundred, and two b tes are necessary per data sector (one byte for the PHSN
and one @?% ?%ql?)?:edjq’{ﬁﬁ“?%?ﬁ VAl dieOng thesand L xaehor fumtssanmless ored as
an address mlﬂ(ﬂq%%he dat sector nunber itself does not have to be

stored). } 1§ﬁc9f (ﬂ&f%ﬁ tZ23%bi e i s provided for each
(0026)

One of the logical zones shown below in Table 1 is

assigned to each physical zone.

THIS Q1 ET HAS Dekil
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above-nentioned | ogi cal zone, because the 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- exanple, the nenory 5b of the HDC 5 during operation. [0036] ~In
commandi ng this hard disk drive to record or reproduce data, a persona
conmputer, workstation, or other infor{mtion-processing device specifies an
LEA (1l ogi cal block address), rather than the cylinder ID, physical servo
sector nunber, and data sector. LBAs are assigned as serial nunbers, from
necordab&? pasihtions, so a table that converts themto the correspondi ng
cyl i nder B, physi cal sero sector nunber, and data sector nunber is needed.

d TR PR A4 T~ . - - — - -

and data sector nunbers using an address THI'S SHEET HS E...-..-E| REPLACED
16 convetgh9Batiabbgesuch Rambhe 8@6L68?$g1|§8E£8E58' Thi s address
udes

conversion table also specifically 1nC ata, not shown in the

drawi ngsr -used-in-finding-other _pacaoetecs_.iodicating positions on the
magnetic di sks (Z--zone, H-head, C-cylinder), indicating relationships to
the other paraoeters. [0038] 400 Incidentally, this address conversion
tabl e does not necessarily have to be stored as a table, but can be
calculated frdinthe given LBA, BBe zone assignnent table described bel ow,
and ot her information. [0039] As shown in the address conversion
table in FIG L8, the assignnent3ebd data sectors to LBAs in this disk drive
is carried out so that after data sectors in tracks having the sanme CYLID
on a pluralit¥3of recording surB&@es have been assigned, the assignnent
proceeds to data sectors in the sequentially adjacent tracks. \Wen zone
boundari es "hab& been chaged as #88cribed bel ow, however, the_order of

assi gnnent of_data sectors to LBAs is changed; the details will be nore
fully explain%g in the descript?%ﬂ of the operation.
| L6 280
L7 260
Ls 240
L9 220
L10 200

A§ishown in Table 1, the number of data sectors
recorded in each track in each logical zone (LO 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 ‘track, data sectors are recorded and reproduced with

f




[ 0040] In this address conversion table, the |ogical head
nunber-indi cates the | ogi cal head where the data sector assigned to the
correspondi ng LBA exists, and the data

13

a clock (referénce clock) having a fregquency responsive to
the number of recorded data sectors.

[0028]

Although sixty-six physical servo sectors are provided,
divided at certain angles of revolution by the . servo areas
51. which are provided as explained above, the number of
data sectors differs in each of the logical zones assigned
to the physical zones, so the number of data sectors in a
servo sector is not necessarily an integer; as shown_in FIG.
5, data.sectors may be divided at arbitrary positions, and
may be recorded in plural servo sectors. -

[0029]

The positions at which data sectors are divided ih this
way can be uniguely determined from the number of data
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
recorde@ in the m-th physical sector and q bytes recorded in
the (m"; 1)-th physical sector) is recorded, together with

information indicating the position of each data sector and

- - =" -/
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whether or not it iS-divided, as a track format table, in a
non-volatile memory in the HDC 5, for example, or in a
predetermined area on the disk.

[(0031]

In'ﬁhis disk drive, the length of a data sector is five
hundred forty-six bytes, divisible ét positions located at
multiples of five bytes from the beginning of the sector, as
shown 1n FIG. 6.

(0032] <

The.track format table therefore records information
indicating in which physical servo sector the sector
corresponding to the above-mentioned data sector number is
located (the physical servo sector number PHSN of the
physical servo sector), paired with information (an offset)
indicating whether the data 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 1is 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) if it is divided.

[0034) -

‘ ‘THIS SHEET HAS DEEH
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This table requires a minimum of eight hundred_bytes in
total, because from Table 1, the maximum number of'data
sectors per track is four hundred, and two bytes are
necessary per data sector (one byte for the PHSN and one
byte for the quotient value: if the data sector number is
stored as an address pointer, the data sector number itself
does not have to be stored).

[0035]

A track format table is provided for each .
.above—mestioned logical zone; because the number of data
sectors per track différs for each logical zone. This table
is recorded in a predetérmined area on the disk, or in a ROM
in the HDC 5 or elsewhere, and is read into, for example,
the memory Sb of the HDC 5 during operation. -

[0036]

In commanding this hard disk drive to record or
reproduce data, a personal computer, workstation, br.other
informé;ion-processing device specifies an LBA (logical
block aéaress), 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]

This hard disk drive accordingly carries out the

conversion of LBAs and data sector numbers using an address
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conversion table such as the one shown in FIG. 8. This
address conversion table also specifically includes data,
not shown in the drawings, used in finding other parameters
indicating positions on the magnetic disks (2--zone,
H--head, C--cylinder), indicating relationships to the other
parameters.

[0038]

Incidentally, this address conversion table does not
necessarily have to be stored as a table, but can be‘
calculatéd from the given LBA, the zone assignment table
de#cribed 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 cof recording surfaces have been
assigned, the assignment proceeds to data sectors in the
sequentially adjacent tracks. When zone boundaries have
been chéﬁged as described belbw, 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"indicates the logical head where the data sector

assigned to the corresponding LBA exists, and the data

}I‘
REFLACE
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which the track format table is rewritten increases, access
to the memory 5b appears to become slower, For these
reasons, an increase in the number of times the table is
rewritten can become a factor reducing the performance of
the disk drive,

[0077])

Therefore, in this disk drive, the assignment of disk
sectors to LBAs is changed when the physical zone boundaries
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 O, 1, 2, 2, 4 are thereby
assigned to heads HDO, HD1, HD2, KD4, HDS (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, HDl, HD2, HD4, and HDS
being taken in sequence, and the CYLID being increased
Successlvely so that data sectors are distributed over these
recording surfaces.

[0080])

At predetermined intervals. for example, at intervals
of a certain number of LBAs or a certain number of tracks,

data sectors are assigned consecutively to recording tracks
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ch the track format table is rewitten increases, access to the

5b appears to becone slower. For these reasons, an increase in the
of times the table is rewitten can becone a factor reducing the
performance of the disk drive. [0077] Therefore, in this disk drive,
t he assignnent of disk sectors to LBAs is changed when the physical
‘boundari es are noved, to inhibit t hd 8 eduction of performance. [0078]
cally, logical head nunbers are first assigned consecutively to the
heads ot her than heads with a reduced |inear recording density (head HD3 in
t he exampvéngncéhecdiBive LOGLIRY dreatkanndiarss sgrface?, 3, 4 are thereby
assi gned to heads HDO, HD1, HD2, HD4, HD5 (the first %rOUp). [ 0079]

Zzone

i ATPHB) sedbence of

head nunbers, the recording surfacei correspondi%geto heads - HDO,

| BeBePRg

i ncreased successi vel

o that data sectars are. distributed oVer these
ﬁﬁo‘éﬁr?%{:,ﬁ%?p?%%%@ﬁ to the jjrag eoeﬁ"%lﬁ@d dﬁ’ffaers\?&%&rsf fVE&xanpl e,

recordi

at intervals of a certai

or,

. _ nUﬂber of é_ D c%r%%ig n§nge£ %f tracks,
data seBPBPs2EFEIRETi yhetCottetutIRVAR/ 1 0 HEor & hG tr AERs"P¥TH S SHEET
H-.S SEEQEE%@ﬁAEEP £48 example, sequentially decreasing order of

CYLID.
[o081]
. When the assignment is completed, the combination of
head, CYﬁID. and 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 fdrmulas 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
carriedrout, 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 secgtors are assigned on the first group (the recording
surfaceé corresponding to heads HDO, HD1l, HD2, HD4, HD5) and

the successive decrease in the CYLID when data sectors are
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havi ng consecutive CYLIDs on recording surfaces corresponding to the
remai ni ng heads (the second group), in this case HD3 (on a nunber of

Tecording tracks in the second group corresponding to the tracks to which

data sectors have been assigned in the first group). Data sectors are now
assigned in, for exanple, sequentially decreasing order of CYLID. [0081]

‘When the assignnment is conpleted, tRe conbinati on of head, CYLID, and data

sector corresponding to each LBA.is recorded in a non-volatile nenory :
provided in the HDC 5, for exanple, or in a predeterm ned area on the di sk,

Tor mil 2 A % TR b (G55 ol e ned e DA ormedt i
di sk drive in whi . ' f dat ' t

nas becroier SHCHE L SRS (AR SRR R I P

rewritten, is feduced.) &5 Sipwhddd QJ‘u%égch)g:]tdﬁEﬁn@&t geordingly,

overhead due to table rewiting 1s re e performance of the disk

drive isoptaicethg (Q083e enhand:éh‘[éﬂ?rirﬂj[gerfdﬁ\%.es%ih'% i sgse in the

CYLI D when data sectors are assigned on t first group (the recording

sur f acase €6thd £ SBMinht adeads P eHRs JHRipHRE AdRra@ng t he successive

decrease in the CYLID when data sectors are | H S SHEEI W3 EEE1 REPLACED
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conparatively |ong seeks (the seek between track n and track n +.3 in FIG
14) and shorteos4he seek tinme, further contributing to the enhancenent in
performance. This effect becones prom nent as the nunber of groups of
recordi ng sukr attes degdrigiffer eaioyrhy s cadsez gime Winlahdatheez dneecr eases.
[ 0084) . I'n the description above, a case in which the zone boundaries
of onl yooiedamices difhPrely fere mHddatiow frwmade differadedordi nhesur f aces
was described; "when the zone boundaries of two or nore recording surfaces
di ffer TFRAR tTRCVIHETT reschaf ey WAl fERsarinsine e 435 @ivdd as fol | ows.
0085 _
[ ) 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 @eads in the first group, and consecuti&e logical
head numbers are assigned to the heads in the second gfoup.

[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 or _tracks, as described above. During this assignment,
the CYLID increment in the first group is the reverse of

that in the second group. —————— .. ___




If the recording surfaces (the second group) having zone boundaries
different fromthe other recording surfaces (the first group) have mutually
i-denti cal zone boundaries, first, consecutive |ogical head nunbers are
first assigned to the heads in the first group, and consecutive | ogi cal
head nunbers are assigned to the heaggds in the second group. [0086]

‘Data sectors in the first group and data sectors in the second group are
assigned in turn at predetermned intervals: for exanple, at intervals of a
certain nunbfg 8% LBAs or_tracks, as described above. During this

- assi gnnent , QEEYLID increment in the first group is the reverse of that

in the seco o] TH S SHE F1,.7..3 EEEM REPLACED, 20, [0087]. - When
access is pgg?%én%g ??Feﬁ%ﬁ%ﬁg%h%Wﬁgilﬁ ﬁhgéﬁﬁfﬁfév?yﬁ% 5?£%§5F hfent of
data se St O rrd t, t u r.of tines.the track
fornat'?%g%eo%saregﬁlééenqgigh%e Fﬁ%&ggg,tgshgﬁgmﬁggnbifeaC?ffl?€088)

VWhen t hgy# ec i f dt b d differi e
oundars ob. P S e I C R Aorhae e LR PSR v
successta®! ye | Pedesd NHs adhdwredel e ngd i ntervals, for exanple, at
intervals of a certain nunber of LBAs or tracks, data sectors are assigned
to each of theos&ktording surfaces in the second group, changing the CYLID
increnent alternately at each recording surface. [0089] Speci fically,
dat a sect or sWhen tHee frgardimaupsuitdacelse inetbedsagosdr faces cave espondi ng to
HDO, 1W, HD2, and HD4) are assigned with successively increasing CYLIDs,
dat a seRtHFerHho tIRNG BPHaTgesur faEstcoFrespoRdANY 2oshemeld HDS in the
second group are assigned with successively decreasing CYLIDs, and data
sect or s0h 1 HeS T FTAM ng ity fthiCe (ST Pe SHERBF AEVE LY hREr$EBLING: ta second

group are assigned with successiyvely increasing CYLIDs, as shown in FIG
16. [ 0090} eéeanwee sk QJiss PErT SFﬁﬁ‘B&Fn atdiskemyY2l® ¢H awhich this type

of data,seCifl ARSI NP ERETT §9¢QUkect D 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 thé
 recording surfaces corresponding to HDO, HD1, HD2, and HD4 )
are aSs;gned 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 recordlng surface
corresponding to head HD3 in the second group are assigned
with successively increasing CYLIDs, as shown in FIG. 16,
[0090]
Whéh access 1s performed in a disk drive in which this

type of data sector assignment has been carried out, the
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sector number indicates the data sector number of the data
sector assigned to the corresponding LBA.

[0041]

‘In this disk drive, the time required for switching
heads 2 by switching in the arm electronics 3 (for example,
the time occupied by ten physical servo sectors) is shorter
than the time required for seeking the heads to the adjacent
track (for example, eighteen physical servo sectors), so
performing the type of assignment 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 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; ;he disk drive was considered defective if there was
even one recording surface on which the SER exceeded the
specification limit.

(0044])

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
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limit. the linear recording density of this recording
" surface is reduced, reducing its SER. The track pitch is
constant 1in this case.

[0045]

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), and if among six recording surfaces, the SER of
the recording surface corrésponding to head HD3 is -4.8,
exceediné 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 orde: of magnitude)., the physical zone boundaries on
the recording surfaces are changed.

[0046]

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 approximatély
-5.8, which is within the specification limit.

[0047] |

Oné metnod of reducing the linear recording density is

to lengthen the period of the clock used in recording and
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reproducing, but in this disk drive, the physical zone
_ boundaries are changed to reduce the linear recording
density, as shown in FIG. 10.

(0048]

FIG. 11 indicates the change in linear recording
density (BPI) on the entire recording surface when the
physical zone boundaries are moved while the relationship
between physical zones and lggical zones is left unchanged.
The Horizbntal axis indicates the movement éf the zone
boundariés in units of the track pitch, the positive
direction indicating the sfate in which they are moved
toward the outer perimeter of the magnetic disk 1. The
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 denslty can be reduced by ten percent.

[0049)

It is necessary, however, to obtain a predetermined
total disk capacity. so if the capacity of recording surfacé
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.

[0Q50]

THerefore. in this example, the positions of the zone

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




21 sector nunber indicates the data sector nunber of the data sector
assigned to the corresponding LBA. [0041] In this disk drive, the
time required for switching heads 2 by switching in the armelectronics 3
(f.or exanple. the tinme occupied by ten physical servo sectors) is shorter
than the tinme required for seekinnghe heads to the adjacent track (for
‘exanpl e, ei ghteen physical servo sectors), so performng the type of

assi gnment shown in FIG 8 enhances the performance of the disk drive.

100424ps) areVhetetBhstdi skcdbh%e kﬁenggﬁ%ggtggggrdgnhe%y Qf, [the soft error

rate (SER) is carried out on each recor surftace and Sgirég @ad. [ 0043]

Previous! yergeflt sk dni ¥8iBagsed ank¥phkithe Sk f +8 Ln@f +i,4S M ecordi ng
surfaces were within the spec?ficatign rigif; Eﬁggdfgkkggi&g%%és consi dered

def ectapecityt bere wasxevenvengnr @EQkHi RYeSYLhaCH ARk SER exceeded
the specification Iimt. [0044] Wheﬁ thig SFEE g?#%% %E%ﬁanufactured,

howevest béehheh&ifsdotadnl ber e6@adhag.surfaces are within the specification
limt, the |linear recording density (BPl: bits per inch) is made uniformon.
all recordi®gS3urfaces, but if there is a recording surface on which the
SER exceeds the sSpecification ! TH S SHEET HAS EJEFN REPLACED 22 limt,
the |inearInrereasing tkasiltiyeak rhcsrdengr dengisyr bacehies orgdwced, reduci ng
its SER The track pitch is constant in this case.
recording surfaces (HDO to HD2, HD4, HD5) by two percent in
this way does not increase the SER very much, and as shown
in FIG. 9 above, the SER on these recording surfaces_yas low
before their zone boundaries were changed, so the SER after
the zone boundary change is also within the specification
limit.
[0052]
After the change of zone boundaries is carried out as
dgscribed above, a table (zone boundary table) indicating
the boundaries of the physical zones on each disk recording
surface is recorded in a ROM in the HDC 5, or in a
predetermined area on the magnetic disk 1. Altérnatively, 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 in a predetermined area on the magnetic disk 1.
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[ 0045] To show this specifically, if the upper limt of the SERis -5
(equivalent to an error rate of 10-5, because in.the SER the error rate is
-indicated as a logarithmto the base ten), and if anmong six recording
surfaces, the SER of the recording surface corresponding to head HD3 is

-A 8, exceeding the specification limt, as showmn in FIG 9, for exanple,
‘then if this SERis within an alloéable range (for exanple, if the SER is
-4 or less, when the allowable range is one order of magnitude), the

physi cal zone boundaries on the recording surfaces are changed. [0045]

As waslgeenativel@, Razhewetithe BERndeekeag8svhYeAPPFOXiNmtely one order
of magnitude if the linear recording density:is reduced by about ten

per ceABAressi LopNerisinpatabdeomdiyngedensi t gsi senegdosed fyoddbout ten percent
on the recording surface with a poor SER (the recording surface
correspondﬂﬁ&sﬁg head HD3), it can be anticipated that the SER of this
recordi ng §5rface w |l becone agproxinately -5.6, which is within the

speci fi cat irBHSFi fi PTOPBEA7Ehat Wascherperhpdteeated s metaetivaear

recor di..ng,.densi .5 to lLengthen the period of the clock used in recording
and Tgkg B%Eﬁ§d&§T§aLESRE5E CE eaéé“?eb?oﬂﬂEFﬂﬁ?db%%e¥¢Ft#ﬁ% di sk dri ve,

t he phxaieah gglegboundaries are changed to reduce the |inear recording
density, as shown in FIG 10. [0048] FIG 11 indicates the change in
linear recebgsgg density (BPlI) on the entire recording-surface when the
physi cal zone boundaries are noved while the rel ati onship between physi cal
zones and Fhgreakvazoaggehdyl &f HivrcAaN@edendPeapdiZontradl @xd s, i ndicates

t he novenent of the zone boundaries in units of the track pitch, the

posi t Pi&cli aecordnngntbcactogdihe ahdt eepoddi Thg t deyr s Fmyed-4 owar d t he
outer perineter of the magnetic disk 1. The vertical axis indicates the

per cehFoERGAGEnAANghEC| thearbeeeofBR hg @endisgylodetardiypdeshis, if the
zone boundaries are noved outward by about one thousand five hundred tracks
(equiVSFéhtPFGeE?SPEB%é§?FlPheNPinéé¥4lééb9ﬂ6ngbm@nsity can be reduced by
ten percenh. gg049] It is necessary, however, to obtain a

pr edet8PrT-AEHALIPRI VAP sREEEPaEREF1R ot P FRe PRLRS RS tSE BT=Giecdr di ng sur f ace
HD3 i g ed by ten_.percent, in proportion to its linear recording

densi ?,Eg[gglgg Pgdﬁc?i Sﬁs{‘mgflgﬁ ARdR VP FOrcRs Yt eadithg & e-<apaci ty of
the o c LNgLSU e R Therefore, .in this exanple, the
posi t?zgﬁgggfe f[E %gtzgﬁg %%gﬁdgrrl?léggg%%%%l%% h%]%1 T%%%r‘%‘isn'cg%s‘&r‘feaceeé' (HDO to
HD2, bBMdegraded because of the non-uniform track pitch.

{0056])

In contrast thereto, with this disk drive, it is
posslbig to obtain the same total disk drive capacity zs
when the zone boundaries are not moved. Moreover, the ¢

pltch is constant in this disk drive, so there is no

degradation of seek characteristics due to non-uniform treack

&cx
pitch.

[0057]

In the description above, a case in which thé SER o2
one recbrding surface exceeded the specification limit was

T

described, but if there are two or more recording surfaces

[
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24 HD5) are altered to increase the linear recording density by two
percent. In this way, a capacity simlar to the total capacity of a disk
-drive in which the zone boundaries have not been changed can be obtai ned.

[ 0051] Increasing the |inear recording density on the other recording
surfaces (HDO to HD2, HD4, HD5) by two percent in this way does not
‘increase the SER very much, and as shown in FIG 9 above, the SER on these
recordi ng surfaces ,was | ow before their zone boundaries were changed, so
the SER after the zone boundary chagge is also within the specification
limt. [0052] After the change of zone boundaries is carried out as
descri bed above, a table (zone boundary table) indicating the boundaries of

the pRMHrC &Jgrz0 c [ I [ r f i orded in a ROMin
he TBa e R P ed o e on e meb et Rt 0L T

Al t er n@idoraing @ehnsiatiiedn ofdthealeeMachb@dilg 2aPeabEYNEas Ypdabl e can be
i npl emented in the above-descri bed address conversion table or by an

equi valientldrdy cedesiegn (MEilkenaiel daheber Futasiing08883ity of tfie NeCessary,
t he above-descri bed address conversion table cap al so be created and
r ecor @ddsith nele@TRAMG Furif@cdBCis, iocreasadpr etlitebdsi canl eiepedyp t he
magnetic disk 1. THI'S SBEE1 BEPLAC, ED . 25 Alternatively, mathemati cal
fornupésﬂﬁﬁﬁhﬁéléﬂPnﬂye@he address conversion table nay be set, as
ment i oned %%%%j [ 0054] :
The amount by which the zone boundaries are moved can
also be varied according to the SER values that are out of
specification. For example, if it suffices to reduce the
linear fecording density by five percent, then from the
above FIG. 1ll, 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]
Alternatl?ely, 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.

[0060] - L
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Thus, a product that was fornerly treated as defective can be redeened as
good, leading to inproved yields and reduced costs. [0055] There was
already a disk drive that altered the track pitch according to recording
and reproduci ng characteristics (corresponding to the above SER), as

di scl osed i n Japanese Kokai Patent Publication No. 255412/ 1996, but no
‘consi deration 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 drivesmay be degraded because of the

non-uni formtrack pitch. (0056] In contrast thereto, with this disk
drive, it is possible to obtain the sane total disk drive capacity as when

the zone ' re ved. Mreover, the traok pitch is constant in
this di skbg‘?’fo‘g‘g’,gf@%r?he‘?{e]’?‘f‘%rqé’oer&edrsamefﬁl&ry $8B% YRE-ALEERI 4R cs due to

hon- Uﬂﬁéoﬂmérﬁfkttﬂ’étf@coi%ﬁf’n%]surﬁacésn (e %Ealhgy on ghove, a case in

whi ch the SER one Tfecor surface ‘exceed SpEcHFfi BRtion linit was

descriéesk ! I r.di S L, THLS SFI EFi
o L B T R e R R ot d P it

the |lieatr, recosttnpbdensi tt@smel dhas® dereditndnseERaggs ¢ap be simlarly
reduced, while the linear recording density of the other recordi ng surfaces
is indkdasédivei @t ds warle hearebyt dwarfduranhamncrgaseved. [ 0058] The
amount by which the zone boundaries are noved can al so-be varied according
to t e SERPhlties ¢datbareadrtbofresivedinigi diwei daneBor recarpiag if it |
suffices to reduce the |linear recording density by five percent, then from
the abOVErEY T 15D GFREQEHL "B SUTTACY Wil theeyorstnBE8.t he zone boundari es
outward Qg seven hundred seventy-five tracks. In this case, the |inear
recorﬁ?%ﬁ ﬁ%%s+?§ Rthe ot her recordi ng surfaces only has to be increased

by one perF@@él](OOSQ]

-

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

[0062]

From an LBA (logical block address) at which recording
or reproducing is commanded from an external device, using
the address conversion table for obtaining data sector
numbers from logical block addresses, which is stored in the
memory 3b, control unit S5a 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 fgrmat table corresponding to the derived zone, and
stores-it in a predetermined area on the memory Sb. It also

finds the actual head (physical head) corresponding to the

THIS SHEET H:S Dot — e
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Al ternatively, the zone boundaries can be preset to increase the |linear
recordi ng density on all recording surfaces, on the presunption that the
dinear 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 tine of manufacture. A contribution
‘can thus be nade toward a sinplification of the manufacturing process and a
reducti on of manufacturing costs. (0060]------ - | TH'S SHEET. h. Sri 3E1ElI Al
REPLAC nore, since there is generally sone variation in

RPriola 1o F#rﬁheé K ;
the SERS af “fnd°PEEaFaPREY s PP TERAS Werkk nigs ofo thecor di ng surf ace
ith h i f] t. limt, tributi t d
M ovasane. £nkcRRECEER, LI ERBEL oL OF allbuat dont3el Rivkr dendi nor ease | n

el | abihiaty £ngaBubBuinde b1l SMFLIRT fifedd NEAGLRGYLA @gogggfi ty of the

recording surface wth the worst reduci ng i The
oper at semiafl/gadhske dr ygvidtdr tHie St t A bove will be

expl ai ned be|gML [ 0062) Fron1aﬁiﬁgiﬂ?fégﬁggﬁkgﬁgé ‘address) at which
recordi ng ofopepiloducing is commanded from an external device, using the
address conversion table for obtaining data sector nunbers from | ogical

bl ock addr e§88§rohhiinht| $a sabs@dcdmttdies rerawek Thnteont oktemi t 5a derives
parameters ZCHS (Z--zone, H-logical head, C-cylinder (CYLID), S--disk
sectorf"PﬁdV&éFBéeé POSPEL LS ofP atmfrmtiveddioyRinAkre(GELIDELY. these

par anmeters.can ge derived fromset mathematical fornulas, as nentioned
above. CGUO63F the headdis obo URRYe 5P fidra HaGamte trag#s t he above- descri bed
track fornai b Qie corresponding to the derived zone, and stores it in a
predeterm n 8 area on the nenory 5b. It also finds the actual head

(physical haadhoGoE! sopRg fitk LO-A0E & hatH:S,SHEE,  HAS, 37 7L

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 Sc.

{(0066]

The timing detector Sc thereby controls the
record/reproduce timing through control unit 4e, according
to cont;ol from control unit Sa, and recording/reproducing
1s 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]

During the reproduction of a physical servo sector, the
Clock generator 44 reproduces a reference clock and servo

‘data from the reproduced output of the recorded track, which

| lTHiS SHEET rm“]
\ REPLACED _




28 derived | ogi cal

armel ectronics 3 through control unit 4e so that the output of
-physi cal head is supplied to the serial/parallel converter 4c and cl ock
generator 4d. [0064] Control unit 5a also controls a seek
system (not visible) according to the derived cylinder (CYLID),
‘heads 2 to nove to the target track. [0065] Moreover, using the
format table for obtaining actual recording positions fromdata
nunmbers, control unit 5a determ nes,d he actual recording position fromthe
data sector derived as described above, and controls the operati
timng detector 5c. (0066) The tim ng detector 5c thereby

the reggrgﬁF§p£Q§u§goﬁiggémhgﬁw%#%g:%gg%%gbcrggkﬁ4e, according to contro

fromcontro

unit 5a, and recor

head, and controls the switching of the heads 2 by the

this

contr ol
causi ng the
track

sect or

on of the
controls

sTERFPARELIREL °fit t he

posi { | e on<bberemser ol g wid 208 Qledie sk Locger espanding to the

appropriate LBA. [0067] The operation wl

now

tm)re det ai |

[0068] using tRWréBgniAdE T@P OBictyyon ref H@cpfsy%g%gsgu[ggaigctor, the clock
al a

generator 4d reproduces a reference clock and serv

r epr odeerplbed pitonf théepulboordatkdtroackag.which 1 | TH' S SHEET |

EEEi |

REPLACED 29
[0069]

During recording in a data area 52, the reco;d data is
supplied from the HDC 5 in parallel (éight bits), for
example. and this data is temporarily stored in the buffer
4a. Tne ENDEC 4b reads a certain number of bits of data
accordiﬁg to control from control unit 4e, and perfo;ms 8-9
encoding, for example, to avoid continuous runs of 0'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 44 according to the

recovered clock. The reproduced output that has been

romthe

-i:7-,S



is supplied fromthe armelectronics 3. The reproducing of this reference
clock and the servo data can be carried out using the channel IC 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 is supplied fromthe
HDC 5 in parallel (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 fromcontrol unit 4e, and perforns 8-9 encodi ng,
for exanple, to‘EVBTH‘EBﬁTTnUOUS~ﬁqQ§ of Os or |I's. The cl ock generator 4d
generates the cl ock (RDWICLK)- used for reproducing and recordi ng data. The
serial/parallel converter 4c converts the data encoded by the ENDEC 4b to a
seria § acgordi ref.er.enc | ock, . an plies it through the
arn1e%8§?gg§ngQ§ ngggéggegg%f.ﬁfo Gf%ﬁgigﬁgtpﬁegyégﬁoé ci AG%f a data
area Sgpphheaqre e i r e a icS .supplied through the arm
eIectroﬁPcs 3 tg&?%gﬁcggﬁngP§F8E4gg%ﬁg ge?igpﬁpgfallel converter 4c
recovers a(obogk fromthe reproduced output of the head 2, and converts the
serial signal (reproduced output) to parallel data according to the
reference Cfotkegenesatedebyprtihagckaekagenasahoh fdo2CceRALAG E@ t he
recovered cl ock. The reproduced output that has been | TH S RE RCED - 30
convePhE¥8icalparnkl bbuddeaiks HevededehychhagENDES 4bscangegupp! i ed t hrough
the buffer 4a to the HDC 5. (0071] If there is a-rrecording surface
with abpeer SER medathenphypi bakweene lbgindar headbauaabpagsebanged as

descrj bed above, the rel ationship between | ogical heads and physi cal
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‘ﬁaving the same CYLID have been accessed successively
through the six heads from HDO to HD5, 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 HDS, the

Physical zones agree with the logical zones assigned to the

THIS SHEET H:3 i
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heads i s changed, and the assignnment of data sectors to LBAs is changed.
[ 0072] | f "the—physi eal--zone boundari es have not been changed, after
-dat a secters--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
"assignneuL_bg§_Q§§n performed, during recording/reproduci ng operations,
after tracks having the—sare CYLID have been accessed successively through
the six heads fromHDO to HD5, the tracks having the next CYLID are
accessed through heads HDO to HD5, and access proceeds in this way, the
CYLID i ncreasi ng sequentially, as showm in FIG 12. (0074] In the
case illustrated in FIG 12, on the recording surface corresponding to each

head Phy#ieBO zondds, dnte fHy PHadiZ0nes IR j cal zones
assigned to the 1 1 TH S SHEET H SEEN REPLACED e?‘f’*;#f?%aé 'z0tes, and the

physi &l traskshbaveartibes segree YA i ftieaden hvadhe same CY4]R they can
be accessed on each recording surface using a single track fornat table.
[ 0075Fecording 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 déscribed above. If
access similar to that in FIG. 12 is performed in this
conditioh. 1t is necessary to rewrite the track format table
before and after access to the recording surface with
differing logical zones. 1In the case shown in FIG. 13, for
example, on tracks with CYLIDsS 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
boundar}es of the other recording surfaces.

[0C076]

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
recordﬁieproduce buffer, and is useq by the control program

eXecuted by the control unit 5a, so if the frequency with
THIS SHEET HAS CLEM
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When there is a recording surface with different physical zone boundari es,
however, even in access to tracks having the sanme CYLID, the |ogical zone
-may di ffer, depending on the recording surface, as described above. If
access simlar tothat in FIG 12 is perforned in this condition, it is
necessary to rewite the track format table before and after access to the
recording surface with differing | ogical zones. In the case shown in FIG
13, for exanple, on tracks with CYL of n+ 1 and n + 2, it is necessary
torewite the track format table during the switchover fromhead HD2 to
head MIRAT efhetbues ctiveetriciont demdt HEBb1e heagewPdtrbgCcaysepkhe zone
boundaries of the recording surface corresponding to HD3 differ fromthe
zone BRI es2ofshewn otmeF I echf di ng surfaces. (006) | n conpari son
to the swtching tinme in the armelectronics 3, the rewiting of the track
f or mat teﬂﬂQQQ%Phot'negligible,.because as noted above, the length of this
table is a%ggt q{gﬁédyundred bytes. Moreover, during recording/reproducing,
the menory 5b % TEY 2CCUrdRDr R rigpioemeodimént, amnd is used by the

contrqy gcuted by the control unit 5a, so if the frequency with

| THI s%ﬁqlfré?“q’rf-a&ﬂa%,("é'%lzéﬁ‘r ACED beimpEREed Y tTeducing theck for mat

t abl e qi; i ' e reduced, as shown in FIG 16. (0091] In a

di sk (%rl”?lverea(iﬁ@c%}ro i nl%ag{]o&)etrhﬁlst%rﬂ%d‘i‘%‘?ﬁ HDE hefiseedabove, Pgoel ds can be

i mpr oy b é§35§ 11 r in ensity. on recording surfaces
with ‘gggzdo)rtHSER, t hqgnr;;eét;birﬁdr%?%{ﬁinxgcﬁyg’l raglggFé]lsiﬁodla’r‘é‘?( RETIRTPRRESr mance
can beagnhaneeth i r signnment of data_sectors to
LBAs. a( 0092] Z#eér?]b?(}?nég%x*&%& g%(ff%%&grééeasas&%}néﬁr@ %5 k2 second

enbodiseetiorefl tHha.gusLesent invention is configured as in FIG 1, described
above.

-

(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“lp 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 2zones on a recording surface with a poor SER,

without moving the physical zone boundaries.

[0094]

T m—— e - T
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[ 0093] In the first enbodi nent descri bed above, the physical zone
boundari es of recording surfaces with poor SERs were noved'ip the direction
-that reduced their linear recording density, but in a disk drive according
to the second enbodi nent, the linear recording density is reduced and the
SER i mproved by changing the | ogical zones assigned to the physical zones
'on a recording surface wwth a poornaSER, Wt hout noving the physical zone
boundaries. [0094] | TH' S SHEt. 1l LLEl REPLACED, 33 Speci fically,
when the disk drive is manufactured, a soft error rate (SER) test is

carried o@p%pp&alrl\%pemﬂrnawrame daidrd is mano€echasdd,asa in the first
enbodi nent.” (0095). reover, the | ogical zones corresponding to the

Physi £6f t ZoRESr ar &t € hesEred west ecoraing eslicidces wach pecpr8ERS. (0096]

To show this specifically, if the upper limt of the SERis -5 (equivalent
to anserfaceratd® bfs Ifatreddueade df IthdIGERinsTe ederddmeate i s i ndi cat ed
as a logarithmto the base ten, as stated above), and if anobng six
recordi ng 5W@%ates, the SER of the recording surface corresponding to head

HD3 is -4.8, exceeding the specification limt,. as %prgeabove in FIG 9,
for exanpl BOTeRERT: f LRRI SOBERRT sZWM i FPHTHID e range (for exanple, if

the SERis -4 or _|less, _when t I . i QR d f magni tude),
| ogi cg"‘}fﬁbﬁ@% BRBeF aRk®| 89\%?9?%5%% o%%cglrl{fur ezldcaz:se,%n?vol%he%gr?gl e gr e )

assigﬁgg to the physical zones on the recording surface corresponding to
this 8 HD3. [0097]

_ (0096]

To show this specifically, if the uppexr limit of the
SER is -5 (equivalent to an error rate of 107°, because in
the SER, the error rate ié indicated as a logarithm to the
pase 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 limit, 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),
logical_.zones one rank lower than on other surfaces, for
example, are assigned to the physical zones on the recording
surface corresponding to this head HDJ3.

[0097] |

That 1s, as shown in FIG. 17, on the recording surfaces
corregponding to heads other than head HD3, the logical
zones LO, L1, ... listed in Table 1 are assigned to physical
zones zé. Z1, ... from the outer diameter to the inner

diameter, but on the recording surface corresponding to head

THIS SHEET HA5 LCid -
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That is, as shown in FIG 17, on the recording surfaces corresponding to

heads ot her than head HD3, the logical zones LO Li. ... listed in Table 1
-are assigned to physical zones ZO, Z1, ... fromthe outer dianmeter to the

i nner dianeter, but on the recording surface corresponding to head 1 1 TH' S
SHEE1 H. -.3 Sai 7:i:J REPLACED 34 HD3, the logical zones Li, L2, ... in
‘Table | are assigned to physical zones ZzO Z1, ... fromthe outer dianeter
to the inner dianeter. [0098] Fromthe above FIG 11, performng this

type of assignnent of |ogical zones 30 physical zones reduces the |inear
recordi ng density by about 6.5% and fromFIG 2, the SER is reduced by
about 0.7, so it can be anticipated that the SER of the recording surface

‘cor r es it e dadBadi ldonescare 15,5, .whisghThs1wi § hi et§§%§@§g&fication
Limt. JO0099] . As in the first enbodi nent, the above-descri bed

assi gnieh P IGY EAnSfodds €, physi Eabmzohesoisef eEDAREEL ASt &Ny 13ddr ess
-convergh%p taple in a ROMin the HDC 5, or in a predeterm ned area on the
magnet i"C Fits lf.me,&letr'ernatively, it can be inplenmented as a | ogic design
(nathenaticqldg%rnulas) equi val ent to an address conversion table. [0100]
In this enboé%nedt, accordingly, as in the first enbodi nent descri bed

above, vyi el ggq5a e _hnpro a prodyct costs reduced by reducing the
linear recordiongr%genélb%eoﬁ?gécggdi Bﬁrgﬂf"f‘h%%st}wf‘f ht¥RrofSERs, t her eby

I Mpr oviaBkg ilgheieh tSERS 10591911 To, achieve a predeterm ned capacity for
the disk drive. it isoglso nécessary PRYEERD né%ﬁéngﬁdQQﬁf ddpaci ty

linear recording density by about 6.5%, and from FIG. 2, the
SER is reduced by about 0.7, so it can be anticipated that
the SER of the recording surface corresponding to HD3 will
become -5.5, which is within thé specification limit.

(0099)]

As in the first embodiment, the above-described
assignment of logical zones to physical zones 1s 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%00)

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

fo101]

To achieve a predetermined capacity for the disk drive.

it is also necessary to compensate for the capacity

s L
Lol T e
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TI-11;3 SHEE1l 1-1:-....3 ;...c.Li..1 RFPLAC ED 35 shortfall due to the
#eduction of the linear recording density. In the first enbodi nent, the
-capacity.could be finely adjusted, because the zone boundaries were noved.

- Fine adjustnent of the capacity is difficult in the second enbodi nent,
however, because the |ogical zones assigﬁ@d to physical zones are changed;
"accordi ngly, the zone boundaries should be preset on the assunption that

t hat .Iogigﬁkr%%gﬁi'g |1 be changed, so that the capacity shortfall due to
the reduction o e Wnd&r thec slediugy idensift ythen 1ieeardi e iy faces with a
poor SER iaeﬁgik%nedIto t her recording surfaces, having a goog ER. [0102]
I nst ead of assi gni'ng Poé'Saﬁlf§ﬁe§mb@dpm¢$kcakhAOQQ ael ty eRRigepne basis,

1t is al sogppssibLg.t.a. change the assignnment as called for to preserve a
fixed capac?t%?&fégjgﬁgﬁgkegeFéu§§s¢§ﬁ kogecabundaesetl Qerklinoved, 1. L2),

to physkgak Z Z1 10103] ~ Afernatively, it is possible
to pre-design, f§$§g§§%%Fe?ftﬁéenEﬁBéFléy dat digéctals LAcendedekRpighe

tracks in @msbaipgheal n the assunption that the linear recording
density will be re%ﬁée%ag§$?gCoﬁaFﬁBs§u?ﬁ%cé@gmpﬁh pones SERsigasd k@ nmake

the | ogi cabhyones) assh&neg-£ OcR Lca] _zones.on the recording surface with
the worst neasured SER dif?ercf?%ﬁ#?hea%?ﬂﬁgl?%%BrdF%@ zen¢ abesnd4oi04] |

TH S SHE. -BIOWEPIWEhréfet on teLOLGi00; Lhi 5 type of design can
contribute to a sinplification of tﬁ%&hgnh$%c gnEP%Fo%%%%Céhdzaneeduction

of manuf adtikl e caisdrsged €ANEIRA S0 KON L. to an_ jnprovenment in SER for
the disk drive as a whole, and an incrggéég%%l eﬁﬁ%ﬁﬁ#$ﬁ%,d%® ¥e@dtleéng t he

li near red®dMgigiaters ttheoflidwar acssh i, with the worst-SER
thereby reducing its SER even when there glsgaerrlrgscireteycoorrﬂﬁ?gc%’{ﬁ#%ﬂ:e with an

SER t hat SXEAFES e Wperiddaatsrm 4 Mdsigdd Q] 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
assigﬁment as called for to Preserve a fixed capacity, for
éxample, to assign logical zones (Lo, Ll), (L1, L2), ... to
Physical zones zo) 21,

[0103]

Alternatively, 1t is possible to pre-design, for

exam
ple,lthe number of data sectors recorded in the tracks
1n each logical zone on the assumption that the linear
recor j i
ording 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

Mmeasured SER differ from the other recording surfaces

[0104] o - o
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M * The operation of a disk drive with the structure descri bed above
w Il be explained below [0106] In this disk drive, |ogical head
-nunbers 0 to 6 are assigned sequentially to heads HDO to HD6, and after
data sectors on tracks having the sane CYLID have been assigned to LBAs
across a plurality of recording surfaces, the CYLID is sequentially
increased and a simlar assignnent of data sectors is performed, as in the
above-described FIGs. 12 and 13. (01Q¢] When access is perforned on a
di sk drive in which data sectors have been assigned in this way, as shown
in FIG 18, each tinme a track is reproduced, it is necessary to rewite the

b -d i f | h h f D- 2 HD3 d
The. owi t chovast FeERENR PhTE, K0 §sChet 170 SERHERe SRS £9° 2 15 11V 1Y
REPL-A(}ihpﬁificatiohfofhtﬁetMQEu?écE@%ﬁhggﬂﬁ%g sghgn&réckeEQ%QESnFable I'S

performed, access can be carried out wt swtching order simlar to

the conyenhiRiphcehdehg cb8409] 1t canThEs608bA0LibeRd LHcLgases, however,
if the track fornat tagle is rewitten in response to head switchovers in

every timskovéfereven, stRerpertnemanse afivheadi skwblbive sRy Be reduced if
track format table rewites are perfornmed frequently, as explai ned above.

[0110] increadaeiefoediabubityackyfoedatitgbtrs hbyehe pboseding the menory
5b, the table to use being selected according to the switching of heads.
The fretpeatyyobfrehei reagrdingheurfack tothathéabbestasERhetrbyebe
reduced, leading to an
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
sectérs on tracks having the.same CYLID have been assigned
to LBAS across a plurality of recording surfaces, the CYLID
is sequentlally 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,
éach time a track is reproduced, it is necessary to rewrite
the above-described track format table at the switchover
from HP2 to HD3 and the switchover from HD3 to HD4.

(0108]

— e -



enhancenent in performance. [0111] As expl ai ned above, however, the size of
the track format table is conparatively large, and if the capacity of the
-menmory 5b is limted, it nmay be difficult or inefficient to store two

tables. [0112] If this is the case, performance can be inproved by
changi ng the | ogical head numbers. (0113] Specifically, |ogical head
‘nunbers 0 to 4 are aSS|gned consecut gely to heads HDO to HD2. HD4, and

HD5, for 1 THIS SHED || f-. , EE. A f RE. PU-02.3 38 exanple, omtting head
‘HD3, which corresponds to a recording surface with reduced |inear recording

density; thenfl egiieakypeadsnyphes S e o head HD3, and the
assi gnnent of disk sectors to LBAs t§n c%r%‘%}rcﬂé( Lommas ﬁﬁi"?ﬁ@r igescri bed

above, iperdioderdof atogssataficsd @gfpfgd en access is
performed on a disk drive in which data(gg%tors ha&?aghéﬁi§§§ﬁéﬁed in this

way, asOFHEENSLMILRG: taothet cORCONBSOAMINGSRRSATY 10 rewrite the track
format table in, -

.[0109]

The control load increases, however, if the track
format table is rewritten in response to head switchovers in
every track. Moreover, the performance of the disk drive
may be redﬁced if track format table rewrites are performed
frequently, as explained abovae.

“toi10]

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 Fable is comparatively large, and if the capacity of

the memory 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 HDS, for




for exanple, the switchover fromhead HD3 on track n + 2 to head HDO on
track n + 3. The frequency of rewiting of the track format table can

-t hereby be reduced, restraining the reduction in performance. [0115]
Moreover, in the switchover fromhead HD3 to head HDO in each track, the
seek to the adjacent track is carried out at the sanme tinme as the rewiting
‘of the track format table, so the tinme margin is a little greater than in
swi t chovers between ot herheads. THere is accordingly conparatively |ess
Teduction in performance when the rewiting of the track format table is
~carried out durin%éthis sw t chover, urthermore,. . .if the drive

0116 F
i s cexrrpdeed oMt PSrPﬁ@dtﬂB3tr%E%F4cﬁ SRANASs 0 3 RECRERSPY 5b, the
reduction in performanc an be furth restrained. 1 H S SHED
REPLAGFIACS wigh reg&c?? &%nﬁ?gor%%%§$%ﬂ%(§%ﬁﬁé FoF&% heggééﬁgnnent of data
sectors tao LBAs as.sh N I , fuyeSt I~eHalnRkd o#at a sectors
to t$§%¥¥]¥ﬂﬁ%eﬁg%tﬁ§ gg%%bgﬁﬁlg?o%é?gggygiﬁgﬁgd?%iéggﬁﬁﬁﬁﬁﬁ?cﬁ%the | i near

recording density fasgRat jRegn-reddcedy ihemhomeard v ddridsd gn data

sectors While successively increasing the CYLID, but assigning data sectors

at pragdgfer nineskdeit @evabgitaladbaaentmbéncks on a recording surface on
whi ch the linear recording density has been reduced, while decreasing the

CYLID. [O0L4Xkf14] It is also possible, incidentally, to reduce the linear
recording density of two or nore recording surfaces, when the SERB of two
or nore redosndi axreas fiacperdocmed theaspbekf AEETe ol IYHIFR d43Fa his case,

| ogi cal head nunbers 0 to 3, for exanple, are assigned consecutively to
headss#EXPrs chave 0= e @ SBanegh ifhiteASt NaYr e@dr 3N #?;i not reduced,

as shown in FIG 20; |ogical head nunbers an are asled to heads HD3
and HI5, DAFPERS CORFKTIRF | &% E@&’Fditﬁg%éﬁr ?588’3 éﬂrﬂaf }ﬁl%% T hear

osi GAENEXEABUAL o ch o Y oMb st Br asl 5 g o1 hesd nunber .
[Ollgkead 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 switchovers
between “other 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 S5b, the reduction in

performance can be further restrained.

[0117) e
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I f the assignnent of |ogical head nunbers is perfornmed in this- way, as
showmn in FIG 20, the frequency of rewiting of the track fornmat table

-during access can be reduced and 1 THI S SHEE1L WB LEEN REPLACED . ... ??7???
40 the performance penalty due to rewiting can be reduced, contributing to
the prevention of performance reductgéwL [ 0120] It is also possible to

‘assign data sectors to LBAs as in the above-described FIG 15, by first
assigning data sectors to tracks having the same CYLID on recording

surfaces oniwhiigh ghhe L r.,recordi ng density has not been reduced, then
proceeding to assign d F§%§$&Fo§§ -8 T8uEbes sisedignmienar @3Sigag: 4 he CYLI D

but asseghbwg dat apagchar shat,LPLed rmned intervals to tracks having the
‘'same CYLI D on recording supgageéno%&§hi&ﬁ fReVei nbxr fiesar di ng density has

been red8tgdinghdheadgeteadsing,t YLID. [0121] 2.6 Effect of the
| nvent i on: In the presen?oiggg Foﬁ%v Ngi SkespapedCrecor dnng medi um

has a Steerding swthaseki bat wheER' 0,00, Surface and a second recording
surface, the linear recording dens?kg SHISRT cReapFding flepsitiahaefl the

first Teedhemgreducade anenr giébdedOnl ecor di ng and reproduci ng
- characteristics, so medi a thag ver e g% vgﬁtg%%ggwyg?F%a§%@t9s5defective,

when fﬁ@'?rﬁ%ﬁc¢%§iweﬂymﬁmbmeﬁ§3hg%@h§ vIH f y. on, each recording
surfac;sce?ctcan be redeened, yields can beq? rr%frbo'vcegdm S LRI cdat be

T -1 -
reduced. LR BredstMERd IntervAl R A dcent tracks o a
recording surface on which the linear recording density ha
S
been reduced, while decreasing the CYLID.

[0118]

It is also possible, incidentally, to reduce the linear

recordi i
ing density of two or more recording surfaces when

t
he SERs of two Or more recording surfaces exceed the

s . N
pPecification limit. 1In this case, logical head numbers 0

to 3, £ i
Or example, are assigned consecutively to heads HDO

t .
O HD2 and HD4, on which the recording density is not

red i
uced, as shown in FIG. 20; logical head numbers 5 ang 4

are assggned to heads HD3 and HDS, which correspond to

recordingyg i
Ny surfaces with reduced linear recording densities

and '
when data sectors are assigned to LBAs the assignment

of i
data sectors is performed in order of logical head

number.

If i
the assignment of logical head numbers is performed

in this-
S- way., as shown in FIG. 20, the frequency of rewritj
ing
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| 7,-,:Err.1 [ [ [
41 Reductions in disk drive performance can al so be

i nhibited by the use of thi ' i
o ) IS type - ; .
drive. 4. Brief Explanation of ?ﬁe E;aa;ﬁgsghaped recordi ng mediumin a disk

showi ng the structure of i i FIG 1is a bl '
a . _ ock dia
the present invention. di sk drive according to a first embodi ment O?ram

40

the performance penalty due to rewriting can be reduced,
contributing to the prevention of performance reduction.

[0120]

It is also possible to assign data sectors to LBAs as
in the above-described FIG. 15, by first assigning data
sectors to tracks having the same 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 daté
sectors et predetermined intervals to tracks having the same
CcYLID on recording surfaces on which the linear recording
density has been reduced, while decreasing the CYLID.

fo121]

2.6 Effect of the Invention:

Tn the present invention, a disk-shaped recording
medium has a structure with a first recording surface and a
second recording surface, the linear recording density of

'which'd;ffers from that of the f£irst recording surface
according to recording and reproducing characteristics, SO
media that were conventionally rreated as defective, when
the linear recording density was sel uniformly on each
recording surface. can be redeemed, yields can be improved,
and costs can be reduced.

(01221 B IR
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FIG 2 illustrates the relationship between-the I|i ' [

recorded on a magnetic disk and thg error rate. Flgfag sﬂgazlgﬁ g;aggfg of
-the recording format on a magnetic disk in a conventional disk drive. FIG
4 shows an exanple of the recording4format on a magnetic disk in a disk
drive according to a first enbodiment of the present invention. FIG 5
shows an exanpl e of zones provided in the radial direction on é magneti c

disk. FIG ) %Q3W§ a
e ofid gﬁaﬁﬂkﬁ atitvBepeecormamee farmelaf ke dat
Tecorded on @ magnetic disk. FIG 7 shows an exanple of a trgci ?gfhg[

ggg%gdﬁﬁglﬁ‘f&%ﬁiﬁhgﬁQ%‘?E‘%QSEQ???SF‘S‘E&”‘E?Z“ B o o et oor o
addreziggﬁgﬁgﬁggggdggfiSfiﬁﬁﬁgggsFhe correspondence between | ogical bl ock
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 on a
magnetic disk in a conventional disk drive.

FIG. 4 shows an example of the recording format on &
magnetic disk in a disk drive according to a first
embodiment of the present invention.

FIG. 5 shows an example of zones provided in the radial
direction on a magnetic disk.

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

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

FIG. 8 shows an example of an address conversion table

showing the correspondence between logical block addresses

and data sector numbers.

———— T




42 FIG 9 shows an exanple of the iti i ca [
posi tions of physical zone boundar
—Eicﬁlﬂgsfpgrisa?hgxnggf'Of Lhe Eositions of physical zone boundarie;?SﬁIG
: i onshi p between the positions of physical zo
3oyndar|es and the SER FIG 12 shows an exanple of the oge¥ation ofng di sk
rive. FIG 13 shows an exanple of the operation of a disk drive.

i - FI

zporﬁeagpg?:PPLﬁ 0; thg_OEegatlon of a disk drive. FIG 15 shows an g;aﬁgle
of a dis rive. !

of a di sk drive. 've. FIG 16 shows an exanple of the operation

FIG. 9 shows an example of the positions of physical
zone boundaries.

FIG. 10 shows an example of the positions of physical
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 9isk
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. o
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FIG 17 shows an exanple of the |ogical 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 shows an
exanpl e of the operation of a disk drive. FIG 20 shows an exanpl e of the
operation of a disk drive. 1 THIS SHEE-1 H,7.,S ELL_: REPLACED Reference

‘Nuneral s: lmagnetic di sk 2head 3arnyﬁlectronics 4channel | C 4abuffer
4bENDEC

Reference Numerals:

1 magnetic disk

2 head

3 arm. electronics
4 channel IC

4a buffer

4b ENDEC

4c serial/parallel.converter
44 dlock generator

4e control unit

49 Pulse detector

5 HDC

5a control unit

5b memory

5¢ timing detector




4cserial /parallel converter 4dclock generator 4ego?22?2runlt4jgpglzfns
detector 5HDC 5acontrol unit 5b menory 5ctimng de O irst resoruing
-(Gaim1] A disk-shaped recording nedium ConprISIngt_éTtaTﬁ"féUial n
surface having a first linear recording density ID*E'F'”"'ond'1ineaf o
position; and a second recording surface having a sec

i near recording density, i
. densi t different fromsaid first
ggfgrggpgaln posYtlon [ Caim2] the di sk- ShapEd—TECOTdfﬁg*ﬁE&HﬁﬁﬂﬂL—

‘cl ai m wher ei n:

-

Claims

(Claim 1] a disk-shaped recording medium, comprising:
a first recording surface having a first linear
Tecording density in a Certain radial pPosition; and
a8 second recording surface having a second 1inesar
Trecording density, different from said first linear
recoxrding density, in saigd certain position.
[Claim 2] The disk-shaped Tecording medium of Clasm 1
wherein:
said first and second recording surfaces have a
plurallpy of recording areas in which the recording
frequency is constant regardless of position in the rad:ial
direction of the disk; and
said first and second linear recording densities a-e
set with the positions of the boundaries of the recerxdirng
areas on said second recording surface, in the radial
direction of the disk, differing from the Positions of rthe

ie

boundaries on said first recordlng surface.

— e a
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said first and second recording surfaces have a plurallty of recording
areas in which the recording frequendY is constant regardl ess_of.-.pos+tion

-in the radial direction of the disk; and said"first and second |inear
recording densities are set with the positions of the boundaries of the
recordi ng areas on said second recording surface, inthe radial directi-on
‘of the disk, differing fromthe pog'tions of the boundaries on said first
recordi ng surface. 45 [Claim % The di sk-shaped recordi ng nmedi um of
claim1l1. wherein: said first and second recordi ng surfaces have a
plurality of recording areas in i.ch the recording frequepcy is constant
regar dl 65433 fdsi tign F4F 'ﬁ@%&§¥1ﬂeﬁﬂﬁa&&% BTG+ RE ﬁgﬁﬁ énd -

said first .and second linear recording densities are set by setting

di f f eM&TESHECor di ng frequencies for recording areas in the same position,

in the radial, dir.ectli f_t |§§‘I £ i i rdi ng surface and

sai d seconcfaﬁedgﬁl%sr#g%&ﬁ)fsfggﬁdj [ _Oal mn}i %}%a(??tssk?gh%%pgd recordi ng medi um
of a%l‘%xfragﬂiaé. flrte%o%diﬂbera%‘é‘aé?ﬁ!r{j WHilcH @ r2Rigdagegond | i near
recording densities are set” according to recordi ng and reproduci ng

char agherdid&p 1 <t dific Ml v el d aepositildd ainmthle Aatridlod of
manuf act uri ng "a di sk-shaped recordi ng nmedi um conprising the steps of:

mMeasurg ik dece B IHpr otiLi ng characteristics of each recording
surface of a disk-shaped recording medium having a plurality of recording

surfaces; aulid first seidisegroda dipleraltegomiineadandiitgesurdzxes to a
first recording surface having a first linear recording density in a
cert aiset duy ade tposng | dif fewknt seeeerd g of Xl Qe g d@ThRAIRF B-Xecond
| i near recording density, differing fromsaid f/rst |linear recording
densi tareds smitheecsand ookt ton] M Hye grEipdrection Qf the
disk, on said first recoxrding surface and said second
recording surface.
[Claim 4] The disk-shaped recording medium of any of
claims 1 to 3, wherein said first and said second lineer
recording densities are set according to recording and
reproducing characteristics of sald recording surfaces.
[Claim 5] A method of manufacturing a disk—shapgd
recording medium, comprising the steps of:
measuring recording and feproducing characteristics of
each recording surface of a disk-shaped recording medium
| having a plurality of recording surfaces:; and
setting said plurality of recording surfaces to a first
recording surface having a first linear recording density in
a certain radial position and a second recording su;face

having a second linear recording density, differing from

said first linear recording density. in said certain radial

] THIS SHEET HAS Ecii
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reproduci ng characteristics. [Cl aim6] The nethed-of-mmanufacturing a
-di sk-shaped recordi ng medi um of claimb5, wherein said first and _second
| i near recording densities are set by: providing—-a—plfurality of

recording areas in which the recording frequency is constant, regardl ess of
‘position in the radial direction of 4the disk, on the first recording
surface, when said first recording surface is set: aild provi ding a
Pplurality of recording areas in which the recording frequency is constant,
r egar dPESS 3O o HGAFHING tive Saddi ale coinddntyi @ndofrefp® adicslg on the second
recordi surface, when said second recording surface is set, and setting
the poSi TG e St € Sooundar i es of the recording areas in the radial
directio C;f the digk in positions differing fromthe boundaries of the
recording Adds ¢dn §QQjW%§ﬂﬁp Péc frguigcsuriagea dils&i-shapad The net hod of
manuf a ri di sk-shaped .recording nmediumof claim5, wherein said first
and segkﬁgrﬁgﬁgépeﬁggg?8&ﬁ§lﬁéﬁkﬁti@ eZpansS@igyfirst angr seicdndg a

pl ural ijtiye@f 4 i reas..n wiich the recording frequency is constant,
regar di ess ofrgggfgﬁo% ?ﬁ%%ﬁglfng§F §PFel¥iFon of the disk, on the first

recording s : LW ohiest recqrdi surface i,s set;_ and
pr bvi di ng aggﬁﬁggﬁﬁps%bﬁqugéfgﬁngfaggggkﬁgnﬂhFEﬁthénr886F8iﬁ&efrequency

:_zuc?zsfeag&ég&?%%%&@hﬁ%%cy 1BOBohsRAnk" regafardsh of pbshedbhS;SHEET KS
the radial direction of the disk, on the first recording
surface,.when said first recording surface is set: apd

providing a plurality of recording areas in which the
recording frequency is constant, regaxdless 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.

[Claim 7] The method of manufacturing a disk-shaped
recordinﬁ 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 first recording
surface when said first recording surface 1s set; and

providing a plurality of recording areas in which the

recording frequency is constant, regardless of position in




?2?.,....72_?22 mmmm 47 the radial direction of the disk, on the second
recording surface, when said second recording surface is set, the recording
frequency of each recording area differing fromthe recording area in the

i

sanme radial position on said first recording surface. ™ ¢Gai.m.8) The

met hod of manufacturing a di sk-shaped recordi ng nedi um of any of cldinms 5
to 7, wherein the soft error rate of each said reEEFHTng~suLnge is used as
sai d recording and reproduci ng characteristics. - (daim-9].1n aTtecording
and reproduci ng method for recordi n§’and reproduci ng on a di sk-shaped
recordi ng nmedi um possessing a first recording surface having a first |inear
recordkﬂﬁ density in a certain radial position, and a second recording
sur f ace haviaigad §é€8ﬁGiPNn@£rth@cdddkngodenﬁbtyecghafggggfdgﬁ m said first
Linearsﬁggggdin% density, in said certain radial position, a récording and
r epr oduci ng et KB cSAPR SPR§nEhEespepsngf sustheet ings6€COEding surfaces on

whi ch t.@ rmerecording and reproduci ng accordi ng to commanded
addresseggghgggnkgﬁéﬁapﬁﬁ P%eePFHeéPcPéééﬁ@iﬁgedeQSffyrDﬁgrﬁﬁgmding and

repr odugeng - di,n the _sel ected recording surface; and
per f or m ng ?ggggéﬁhgg5%§ %gngauﬁPﬂﬁ,réﬂéﬁbih@5%¢kpme@mrﬁih@ aifs t

reproduetbgdashgr agtehkati cs according to the changed |inear recording
density. (Caim10] A disk drive, conprising: TH' S SHEE1l H1S HEN REPLACED

r---1-111¢134i4183111rRQ0ne Vb g - af-mar?x?fééturing 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 sald
recording and reproducing characteristics.
(Claim 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:
Seigcting recording surfaces on which to perform
recordiﬁ§ and reproducing according to commanded addressés;
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.

{Claim 10] A aisk drive, comprising:
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48 a di sk-shaped recordi ng nmedi um having 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 fromthe first linear recording density—im=sdi"d"Certain radial
posi tion; a recordi ng and reproduci ng neans perform ng recordi ng and

‘reproduci ng on the disk-shaped recorging nediun1‘ﬁ_—ﬂ—~a~r666fﬂfﬁ§:$urface
sel ection neans selecting recording surfaces on which to performrecording
and reproduci ng, from comranded addresses; a linear recording density

alteration @p@3§gugﬁ%§ he linear recording density according to the
recordi ng surface se é%gd&ﬁvrph@gr5@84&Wn63§&Pﬂa@efégﬁéctb@nrﬂﬁﬁnﬁ; and

repr.oduci ng characteristics of

a cont R £fAERBNG, i . recordi ng and . >
sai d recording gﬁggggﬁggaﬁgﬁnégﬁfgﬁér§885 dNAg dEHSERY linnearcereadndi ng

densi t yadiang@d sk ilhe landear r,ding density alteration neans. [Cail
111 The di sk arive or . pod ) seeond katotaiRg, fuRgasecharinacer di ng

sur f aceechade lanaagaseicdrMihehakle i k§COkM regardl ess of position in the
radi al and second |inear recgrdinglggﬁsﬁgkggrng §LP™WFPR £RESPositions of

(he POlrEIEe TSP TUng peoeano anpgaual careut Rt UL TG, 1T

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

a recording-surface selection means selecting recording
surfa;e; on which to perform recording and reproducing, from
commanded addresses: ‘

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

@ control means changing the recording and reproducing
characteristics of said recording and reproducing means
according to the linear reéording density changed by the
linear recording density alteration means.

[Claim 11] The disk drive of claim 10, 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:

sa;d first and second linear recordihg 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 fromsaid first recording

surface; said linear recording density alteration means-changes the
-linear recording density according to the recordi ng surface sel ected by
sai d recordi ng-surface sel ecti on neans; and said control neans

changes the recording and reproducing frequency of said recording and
reproduci ng means according to the4®inear recordi ng -density cthanged-by the
| i near recording density alteration nmeans and the recording area in which

Tecorghi nd. repr.qducing are p rmed. (Claim121 The disk drive of claim
11, \Xﬂéﬁ%% hogf?e ed]?qu u’r‘bl‘ﬁég%’f‘e%’éifepgﬂ?%‘?m?e'%rcﬂf@ii’r@i%urfaces; t here
are gng-of fgg&ﬂ‘np%?%&ts;gg_nd recordi ng surfaces; sai d recordi ng and

reproduci hg nmeans orims tecordi ng and reproducing in the recording areas

of each sajfhdq qqq{éy,iw%e%gg@ﬁﬁ]ie ﬁi@%rﬁ%ﬁ%@%&ﬁnﬁ}%&ﬁ redet er m ned

| ength (data sectors rive rsion neans

for oeaimigyhadt %Mﬁﬁﬁ&{ﬁmri%&ﬂ%%é clcﬁeairgj.eacfo% anded addresses in

each said recording area; and n assigning ors to said

addr esrenscd hfe JRAHRE Dy GHIME S B dBANSs ASSl &N 260t equentially
in the sane position in the radial direction ingggﬁﬁgf§§h§%%%E%T REPLACED

50 pingrality of first recording surfaces, then perforns assignnents while
successively varying the position in the radial direction, and assigns data
sectors i rsaichsentriole mecaid icHeEnges tite resicddidig estd on in said second
recording surfaces at predetermned intervals, the variation in position in
t he rredingduina: tinggdsaiony oHposid ecdaptdiatg vdreh gt dsecimy s are assi gned
in said first recording surfaces.. :
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.
[{Claim 12] The disk drive of claim 11, 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 rep;oducing 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
when assigning data sectors to said addresses. the

address conversion means assigns data sectors Ssequentially

in the same position in the radial direction in said




(A aim 13] The disk drive of claim 10, wherein ~ .said.first and second

recordi ng surfaces have a... pluralityof recording areas in which the
-recordi ng frequency is constant, regardl ess of position in the radial
direction of the disk; said first and second |inear recording

densities are set with the recording frequencies of-theTtecordiing areas of
‘said second recording surface differgong fromthe recordi ng frequencies of
the recording areas in the same radial positions on said first recording

‘surf ace; said linear recording density alteration nmeans changes the
| i near Plecelditpgodefidirtsy aeeordiing tsQrifigesecadinng 34 iAGe sel ected by
sai d recordi ng-surface sel ection neans; and sal d control neans

‘change3s€hgnmenssdivhd lend uceesedweilyg vhirgaugn e Ohosaitd oheqar ¢iag and
reproduci ng neans according to the |linear recording density changed by the
|iffeaFa?égére%ﬁgcaéﬁ§htynéla@sagmsndaeanseamdr@hanTUbSSEHEEIvél-,S L" EENL
REPLACED .%1 recording area in which recording and reproducing are
per f or RREL CHeNSi AP 1ERCTREIdRdK ddrresion dhasmi@3sevhadeiracordibere are a
pluralé&yfgé saig firat recording surfaces: there are one or nore of said
second’ recorarng-sBf f4eLermined 1atpgvadser §hagvandatépnodnci ng means

perfor di pg.and_reprodycing.in the recordi ng areas of each said.
recor |n%{§ﬁ€§a%§ Fﬁedﬁ?ggﬁgcgﬁﬁFgﬁlﬁﬂiPngH apppedseetni hbdtl enghh (data

sectorgls e dLsk_dtive has an, address conversi en neans for
obtainingat%%c%%%g %g%tg?gIEB?geéﬂoﬁﬂ?agf%BsEaFGceﬁﬁﬁﬁﬁdédréddeesses in

each sai dc1&6R P8 N9 #h€33:180R%rive of claim 10, wherein

sa;d 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 recorxding surface:

said linear Tecording 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

t - .
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when assigning data sectors to said addresses, thetaddreszﬁgnxgé?%%n_neans

' lally in the sane position-i .
assigns data sectors sequentiall a Crfaces thon hosions data
~di ion in said plurality of first recording s ces, t _ ( :
gggfgﬁs:sequentialﬁy in the sane position in the radial dLreptlontLEezgld
second recording surfaces. [Aaim15] In a d!sk gLLyg'faigngicording
two recording surfaces. a disk drlvgjcongrls!?g.in a'cé?iaza L

ing a first linear recording density il (

ot e e a second recording surface having a second |i near

-szloﬁl i néo%ﬁ.ﬂ%qt%eﬁi % e‘t’%h‘t’hfi%ms@imgfamatréj:ﬁ@@xﬁc%{%%%ﬁé ng density, in
;ﬁaidtﬁgffgfhé@dial position. I THI'S SHEET HAS rEi J LACED
. [Claim 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 perform% recording
and reproducing in the recording areas of each said.
recording surface in data recording units of a predetermined
length (éata 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

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.

[Claim 15) 1In a disk drive having at least two recording

surfaces. a disk drive comprising:

a2 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.




