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-1- TITLE OF THE | NVENTI ON ; Magneti c di sk appar at us
BACKGROUND OF THE I NVENTION The present invention relates to a
magnetic di sk apparatus of enbedded servo system wherein thessapg disk
surface carries both servo information and user data, and partpculgrly to
a magnetic di sk apparatus which is capable of efficiently recqrding and
reproduci ng data in such applications that data is recorded and reproduced
ina large unit as video data. “*7 Magnetic di sk apparatuses which
utilize magnetic disks articularly hard di sk apparatuses (HDD) have -

recently beé%F%H%éﬁ%i%%ﬁa N%EN%£9§ing rate toward higher speed and | arger

storage capacity. As a result, etic disk apparatuses having storage
capacities of 10 GB pewagBﬁchhgggﬂbegﬁaﬁgﬁﬂﬁrciaIized and utilized for

recording and reproducing AV data as well, in nonlinear video editing
systemor the |ike. Wien using AV data, HDD has been required to have, in

addi tion to gadtRERRING LOF o8 £RPEQTEYN | nproved random access capability
and securing proper recording and reproducing speed to prevent edited

video data from bei ng TRéeprepbAd. invention relBeeBatd di mkgappacalgdskof
the prior art nentioned above w il be described bel ow by using reference
to the acconpspyragusirefv enmisedded servo system, wherein the same disk
surface carries both servo information and user data, and
particularly to a magnetic disk apparatus which is capable
of efficiently recording and reproducing data in such
applications that data is recorded and reproduced in a
large unit as video data.

Magnetic disk apparatuses which utilize magnetic
disks, particularly hard disk apparatuses (HDD) have
recently been advancing at an amazing rate'toward higher
speed and larger storage capaqity; As a result, magnetic
disk apparatuses having storage capaCities of 10 GB per
unit have been commercialized and utilized for recording
and reproducing AV data as well, in nonlinear video
editing system or the like. When using AV data, HDD has
been required to have, in addition to a larger storage

. capacity, improved random access capability and securing
proper recording and reproducing speed to prevent edited
video data from being interrupted.

The hard disk apparatus of the prior art

mentioned above will be described below by using reference

to the accompanying drawings.



- 2- FIG 6 shows the recording systemenployed in the hard disk
6f the prior art as a recording nedium The hard disk shownin FIG 6 is
the recording mediumwherein data is recorded by a system call ed enbedded
servo system In FIG 6, recording zones 41 are fornmed by dividing the
disk surface in the radial direction into a plurality of annular regions
so that a larger anobunt of data can be rgcorded in a zone having | onger

ci rcunference. Each of the recording zonés 41 conprlses a plurality of

tracks, and t di 41 h t
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head in locating tracks. One o design parameters of tracking ‘contro

system for | @aatd BariFRee HaCkhd Ta@Rldl Q&N TR MM igf set in
a range from about 400Hz to 600Hz in many cases of hard di sk apparatus.
O f-track i nbanhibirotregiohe! et athali a2 1sgds @nount of data can be
recorded in a zone having longer circumference. Each of
the recording zones 41 comprises a plurality of tracks,
and every track in one recording zone 41 has the same
storage capacity for recorded data. Such recording system
is the embedded servo recording system.

In FIG. 6, a servo region 42 holds information
recorded therein to position a magnetic head (not shown in
the drawing) on a track in the prior art. The hard disk
is divided in the rotating direction inté a plurality of
recording segments 40 having substantially the same
angles. One of the recording segments 40 is further
divided into the servo region 42 and a data region 43.
Number of the divisions is determined according to the
tracking control performance of the magnetic head in
locating tracks. One of design parameters of tracking
control system for locating the tracks is gain-crossover
frequency which is set in a range from about 400Hz to

600Hz in many cases of hard disk apparatus.

Off-track information is detected at a sampling



-3- frequency determ ned by the rotating speed of the disk and the nunber
6f divisions of the recording segnment 40. The sanpling frequency is set to
about ten tines the gain- crossover frequency. For exanple, when the

gai n-crossover frequency is 500Hz and the disk rotating speed is 5400r pm
(i.e.90Hz), the nunber of dividing of recording segnent 40  is about 56
(=500/90) sections. On the condition that the recording segnent 40 is
divided into 56 sections, the sanpling fréquency s set at 90x56=5040( Hz),
which is about ten tines the gain-crossover frequency FIG 7
is a drawi ng tiresmsingyn datemsumast agitde HFZtth}g\eSH%dj of skheyspeFatard
(HDD) of the prior art. The servo region 42 includes a synchronlzatlon
region 45 | oddieedumbeth @iy iHansH Ot fighe FREPUHIHE SaFte-40 ¢ r ESrent
necessary to reproduce data. The synchronlzatlon regi on 45 holds recor ded
pattern for (f@(“@cltlﬂgg Irsavefo riftionh R ke rb &° it rQﬂ’)n' PLL

(phase | ock Io i.dentifier i on 46
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recordi ng and ‘reprodu Hg, epen I Ng on
' is about 56 (=500/90) sections. On the condition that the
recording segment 40 is divided into 56 sections, the
sampling frequency is set at 90x56=5040(Hz), which is
about ten times the gain-crossover frequency.

FIG. 7 is é'drawing to explain the servo region
42 in.the hard disk apparatus_(HDD) of the prior art. The
servo region 42 includes a synchronization region 45
located at the head therecf, for the purpose of pre-
treatment necessary to reproduce data. The
synchronization region 45 holds recorded pattern for
detecting such information as AGC (auto gain control), PLL
(phase lock loop) and the servo region.

An identifier region 46 holds a track
identifying code, which is required for carrying out seek
control, recorded therein. Recently the number of hard
disk aﬁparatuses (HDD) provided with MR head
(magnetoresistive head) has been increasing. Position of
an MR head must be a little different between times when
recording and reproducing, depending on the track. Fbr

this reason, such a unique identifier code has been



this reason, such a unique identifier code has been

#4- recorded in the data region 43 that indicates the position in each
sector which'is the unit of recording and reproduction. In the case of the
MR head, however, because the nagnetic head nust be shifted a little
during recording, the identifier code becones off-track, thus meking it

| npossi ble to reproduce. Therefore, increasing HDDs provided with the MR
head enpl oy non-1D system wherein a code4which is unique over the disk
surface is recorded in the identifier region 46 and is used as the

i dentifier ragcomded in the dagabmegionediSorthat ilndiles tesy he aypsoitism
holds a pattern recorded therein which is capable of detecting the
excur si on of inheaghgReciterh@hdchy dm pFbs Undit Wift regomddng sassitivity.

In FIG 6 nmentioned previously, the arc-shaped data region 43 is usually
di vi ded intor&PEPGPQFFPy-ofIns&@?oF§S$4°§bﬂPﬁaPmU§@@dda%@Wﬁ¥?ﬂbe recor ded
and reproduced in the unit of 512B bﬁéF 8 is. a draw ng

to explain t RESPHYEUERE: MeRBetIE: s&thh§h$£F§dr€ghg#t$?(9“?#%9puior
L bl T CrgRophas 2R WIS, SRt 0 S0 g 200 1
zone in the daia eghoBndds it Id W repidihe.? thilerd, 200G dad 0"
HDDs provided with the MR head employ non-ID system
wherein a code which is unigue over the disk surface is
recorded in the identifier region 46 and is used as the
identifier region.

A burst region 47 in the servo region 42 holds a
pattern recorded therein which is capable of detecting the
excursion of the magnetic head from position with a high
sensitivity. |

In FIG. 6 mentioned previously, the arc-shaped
data region 43 is usually divided into a plurality of
sectors 44 so that user data can be recorded and
reproduced in the unit of 512B (byté).

FIG. 8 is a drawing to explain the layout of the
sectors 44 in the data region 43 of the prior art. 1In
FIG. 8, (A) shows the layout of the sectors in an outer
zone in the data region 43 and (B) shows the layout of the
sectors in an inner zone in the data region 43. As shown
in FIG. 8, the outer zone is longer than the inner zone

and therefore holds larger amount of data recorded

therein. In the case of this example, data of three



and therefore holds | arger amount of data recorded therein. In the case of
this exanple, data of three _ - 5-
sectors plus is recorded in the data region 43 in the outer zone, while
data of two sectors plus is recorded in the inner region. Total recording
capacity of the data region 43 is determ ned by the recording/reproducing
characteristics of the nmagnetic disk as the recording nediumand of the
magnetic head, and is set so that the reco®ding efficiency is maxini zed.
It is preferable to set the recording density of the data region 43 so

t hat an int egeseatoberrbissigtvegogdedaie tthel dasa regipe 48t anr &§eon 43,
in that no sector is divided into fractions. However, as shown in FIG 8,
recordi ng ef fienEREyZPRe; nphdleddalachfl §YPngestersaprlugydst rgsosdpe in
sectors 44 |lie over adjacent servo regions 42. Wiile each zone includes a
plurality of tFRRKEINNeXcEe@ienay Tpkal, FEAGESLNE epRrFifynetsithel dpt¢ by

takin the specified servo_.region 4 s the start _point. . Now a
procegure of ﬁﬁ?gh%na €e§§ dgt ﬁ%lgﬁgt Y tgﬁ FﬁCPFQQBQZGEHFPSHSFnQpparatus

ill be d i db A . I he. h .di sk - f th i
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recording efficiency is maximized.
It‘is preferable to set the recording density of
the data region 43 so that an integer number of sectors 44
are included in the data region 43, in that no sector is
divided into fractions. However, as shown in FIG. 8,
recording efficiency is improved by employing such a
layout as some sectors 44 lie over adjacent servo regions
42. While each zone includes a plurality of tracks,
sectors 44 are arranged in every zone similarly by taking
the specified servo region 42 as the start point.
Now a procedure of making access to the sector
44 in the conventional apparatus will be described below.
In the hard disk apparatus of the prior art,
information indicating how many sectors per track are
formed in each zone can be recognized by a CPU
incorporafed in the apparatus by using such means as
recording in ROM. 'Because the identifier 46 of the servo
region 42 shown in FIG. 7 includes a code which is unique
over the disk surface, the hard disk apparatus is capable

of making access to any desired one of the servo regions



region 42 shown in FIG 7 includes.a code which is unique over the disk
surface, the hard disk apparatus is capable of making access to any
desired one of the servo regions - 6-
42. The hard di sk apparatus al so has the layout information of the sectors
44 in each of the data regions 43 in the formof a table stored in the
ROM Thus the hard disk apparatus is capable of making access to any
desired one of the sectors 44 by using the-®nformati on described above.
Because the layout information of the sectors 44 is the sanme for different
data regi ons 442in Ehezbasd diskudpperetus plsei desathgbllaybut each zone.
FIG 9 shows the detailed structure of the sectors 44 forned in the data
region 43 of thefprpatiantof the sectorshddfiipseashs ¢ thgi datazrpgions
followed by a pattern which is required by an AGC circuit and is recorded
in an AGC reglég ip thmefapme efreuitebils gtogpfcdnt thRaROMai nTRUSs thie
anplitude of data_reproduction signal constant after being anplified.
Because an of ff ar@r%ﬁﬁke?PB?rFEUEe%@cFé&aﬁ}euQﬁn&akﬁégaﬁﬁFF§§d§°oPn¥he

o0i on 42, t heIREEER, 2P o R EbeyE gl‘s'?’gﬁpéé(gé’ patbe e HBTREEEPeg: on
47. Therefpre % A%Iﬁr g on 48 |c ngce%g afgr tg%fggag E%%Ig % me of
the “AGC circuft-FhreR%i 3 ?EEU|re8 PYSPeprSdudECdLt A’ T
region 48 is fQéEQ&Fg EX #s the same for different data regions 43 in a
zone, it suffices to provide a table for each zone.
FIG. 9 shows the detailed structure of the
sectors.44 formed in the data region 43 of the prior art.
The first servo region 42 is followed by a
pattern which is required by an AGC circuit and is
recorded in an AGC region 48. The AGC circuit is a
circuit that maintains the amplitude of data reproduction-
signal constant after being amplified. Because an off-
track error is detected by using the aﬁplitude of the
reproduction signal of the burst region 47 (FIG. 7)
included in the servo region 42, the AGC circuit must be
stopped at least in the burst region 47. Therefore the
AGC region 48 is necessary for the restoration time of the
AGC circuit which is required to reproduce data.
The AGC region 48 is followed by a
synchronizafion region 49. The synchronization region 49
is a region required for clock synchronization of recorded
data. In the case of a hard disk apparatus which employs

the PRML (partial response maximum likelihood) recording



synchroni zation region 49. The synchroni zation region 49 is a region
required for clock synchroni zation of recorded data. In the case of a hard
di sk apparatus which enploys the PRML (partial response maxi mum

| i kel'i hood) recording -7- system
whi ch has recently been put in comrercial use, reproduction waveformis
equal i zed by using a filter for ~circuit thereby to inprove the reproduced
data. In some hard di sk apparatuses, the-dqualization parameter is

determ ned by |earning fromthe reproduction waveform In such a hard disk
appar at us, a pEHstem wheigh rikas frecenly |keemi Pyt | 50 reewneeeiah e,
synchroni zati on regi on 49. Next to the synchronizatjon region
49, a DAM (d@mepmefthesioniravyefegh oks stval zed | edusime AL LT ofPT 50

i ndicates the start point of user data. The data is recorded in next data
recordi ng regi I Wi FILIRRY S&P | LIPTIR nhe FRPTPRUseDrdjtRed HRALSOTS
processed in the unit of byte which usually consists of eight bjts.
Therefore, thd@Thd5eiRP ?%S?%OFQ%rﬁq"g?Js’ozi‘Ho%o?l%?Tgﬁﬁrb+? dat a

into byte. . T d dj ' 51 | he hard disk

;Bpgr a%/ug of tq’r:’et%?‘?lcﬂe‘greqy ﬁ];%érg%ﬁé aé’t[:]%h;ﬁg%?’g??%‘?\é'ggél%ét‘gé‘f%gg?%gbrd%la in
the fixed it_of 512B. ded i ECC ' [
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data recorded ddy{fig; BL L&A QA% n U MEhEGE: £LE05n  Sedlbon 49.

Next to the synchronization region 49, a DAM
(data address mark) region 50 is provided. The DAM region
50 indicates the start point of user data. The data is
recorded in next data recording region 51 with bit serial
format and the reproduced data is processed in the unit of
byte which usually consists of eight bits. Therefore, the
DAM region 50 is important also for converting bit data
into byte..

The data recording region 51 in the hard disk
apparatus, of the prior art has such a configuration as
data is recorded in the fixed unit of 512B. Recorded in
an ECC (error correcting code) region 52 is a code capable
of detecting and correcting errors by using parity data
recorded in the ECC region 52, even when the error is in
the data recording region 51. A GAP region 53 is a region
provided for preventing the head of the second sector
indicated with numeral 83 from being destroyed by over-
writing in the head of the second sector 83 due to

variation in the rotation of a motor or the like when



the data recording region 51. A GAP region 53 is a region provided for
preventing the head of the second sector indicated with nuneral 83 from
bei ng destroyed by over- witing in the head of the second sector 83 due
to variation in the rotation of a notor or the |ike when

recording in the first sector indicated with nuneral 82. The first sector
82 conprises fromthe synchronization region 49 through the GAP region 53
as shown in the draw ng, and the next sec®1d sector 83 has the same
configuration. The third sector 84 has a configuration which is different
from those of naserding igedths Brahdeetrr stedirptrd twitisnweerase8? he
data region 51 lies over adjacent servo regions 42. In the data region 51
of the thirdThetfdrsdq segdior &2 PomPTLses iERR the cyprigarbsatied two
fractions, with the data_.in the first _fraction being witten before the
servo regi on #2HLTHAFRGANGMERE fhThgEedtor M3 35 oYt BrdE*et o prevent

Fegi on 55 halRr SR SR QU al BHORD THERL(ES (RS G5 (2% 53
Fegi on. The ol LAATIRE 11 08 SGs e 41t BV 1 e s v b o,
ot SRR Ay A 080 1B dbe U st
recorded, becayze dRnd sector 83 because the data region 51 lies over
adjacent servo regions 42. In the data region 51 of the
third seétor 84, data of 512B is divided into
predetermined two fractions, with the data in the first
fraction being written before the servo region 42 as shown
in the drawing. At this time, in order to prevent the
servo region 42 from being destroyed by recording of data,
the GAP region 53, having a function equivalent to that of
the GAP region 53 provided at the end of the second sector
83, is provided before the servo region. The other
divided fraction is placed after the servo region 42,
although data is recorded first in the AGC region 48, the
synchronization region 49 and the DAM region 50, and
thereafter the rest of the data is recorded, because the
regions for the AGC process, clock synchronization and
byte synchronization are necessary.
FIG. 10 is a drawing to explain a method of
generating error correction code in the hard disk
apparatus of the prior art. 1In FIG. 10, (A) shows the

method of generating error correction code by using the



regions for the AGC process, clock.synchronization and byte

synchroni zation are necessary. . FIG 10 is a drawing to explain a
nmet hod of generating error correction code in the hard disk apparatus of
the prior art. In FIG 10, (A shows the nethod of generating error

correction code by using the -9-
conventional reed-sol onon code, and (B) shows the |ayout of recorded data
in the hard disk. As shown iT®tA) of FIG 10, recorded data of

512 bytes fromD err] through Derr] are arranged successively in the
unit of fourcoprestianahereatesbdampngcdideeceindn (Bidshaws dihei degouft o f our
frames. Then for the user data of 128 bytes in the frame direction of each
frame, parit9f rtedesdefledplrapiar the. harpg disk-for error correction of four
bytes are generated and arranged as shown in 8@% of FIG 10. In case the

A-byte error correcti oRScERE¥Tal® dénetdt &dGas 1 ted@aBEehIRE A Bds can
be corrected, even when the 128 bytes in the franme direction _and the 4
bytes of errBYte8ofFeBt Pon tOFRMINT B 4yyt BES| ATTRRGPD FHEPERELURIEr+Br of 2
BYLES, ot acobnintbohe ko eytsr 18t a0 Shg B2 LR Vet o0 11
Do) oot b o B8 SheoEBer SERERRY, L IoblR A8 ZAbCEoBR Bhetoph=d,
Plerr], 128 bytes in the frame direction of each'frame, parity

codes.Po P,,...,P,5 for error correction of four bytes

are generated and arranged as shown in (A) of FIG. 10. In

case the 4-byte error correction codes are generated as

described above, errors can be corrected even when the 128

bytes in the frame direction and the 4 bytes of error

correction code, 132 bytes in total, include an error of 2

bytes.

(B) of FIG. 10 shows the layout of data recorded

on the disk surface. The data layout recorded on the disk

surface is such that Do, D,,..., Dg,, are recorded in the

data region 51 followed by the error correction codes

recorded in the ECC region 52 in the order of P,

Py,..-,Pis.

Recently, as the storage capacities of hard

disks increase, hard disks are increasingly used to store

video data of nonlinear video editing system, video camera

or the like. In such uses, for example, in case of motion

picture data of JPEG format, it is desirable to control

the recording and reproduction in the unit of frame.



Plerr],...., Plerr]. Recently, as the storage capacities of hard
di sks increase, hard disks are jncreasingly used to store video data of
nonl i near video editing system video canera or the like. In such uses,
for exanple, in case of notion picture data of JPEG format, it is
desirable to control the recording and reproduction in the unit of frane.
-10- However, since the unit of recording and reproducing data in the
conventional hard disk is fixed to 512B,~}8-has been necessary to control
the recording length for one frame in the unit of 512B in the application
system For Hewewsite, simae tihgeonddt @ hfresardingnand repnqiucing a0
segnents in the horizontal direction and into 480 segnents in the vertical

di recti on whiiffe thgcisonygndionad hagg sk df fixatke 1158 30r idadieof red
(R, green (Q and blue (B) color information, 640x480x3=921600 bytes of

data is reqiiSEd EERSERRY 4 SR8 tTRe Fe CAATH i e EBuMOT SN/lata in a
echni que SUCHSTE idY (7 U (e STEGAAWRIF GERBHe T U « o R0,
o7, CXamPLe b Ao oo el 3 SR R0 BRI Wy TS
POl SRR, e g A e AT R JOL T Tidanel 1

in the vertical direction while each segment is

represented by one byte for each of red (R), green (G) and

blue (B) color information, 640x480x3=921600 bytes of data

is required for every frame. When recording this amount

of data in a disk, it is common to reduce the amount of

data by using a compression technique such as motion

picture JPEG. When data is compressed to 1/10, for

example, the amount of wvideo data becomes 92160 bytes per-

frame. Thus data recorded in the conventional hard disk |

is controlled in the unit of 92160/512=180 sectors.

Recently, as the reco:ding density of the hard

disk increases, pit cells of recorded data has been

becbming smal;er. As a result, effects of unevenness and

missing magnetic material on the magnetic disk are

becoming conspicuous. Consequently, data errors have been

increasing and S/N ratio has been decreasing due to

smaller bit cells of fecorded data, resulting in lower

data quality. Also such a problem has been increasingly

experienced as the speed of recording or reproducing data

decreases due to the retry process, namely the operation



becom ng smaller. As a result, effects of unevenness and m ssing nmagnetic
material on the magnetic disk are becom ng conspi cuous. Consequently, data
errors have been increasing and S/N ratio has been decreasing due to

smal ler bit cells of recorded data, resulting in |ower data quality. Al so
such a probl em has been increasingly experienced as the speed of recording
or reproducing data decreases due to the retry process, nanely the
operation of reading over &ttoneous data. In order to overcone
such problens, error correction procedure is inproved in nmany

appar at uses. 0@3#¢Qﬂ¥ﬂﬂaﬁ?ﬁre¢¥t@n%@¢$e@§F@n cah Eédern§909§§r§9mﬁr§éé§5|ng
data in a larger unit. The hard disk apparatus of the prior art has a
limtation |?F°Q%9W$Mn?EFQ%f¢Q¥%@@tE@$oPr€6?¢EE?|bﬁ bFEE@§§dbéEaH§§Ythe
sector size is fixed to 512B. The magnetic di sk apparatus of_ the present

i nvention | SSRRPEDIESRT- coﬁ?%&?+%@c%r?5r§rr%FfFEFggFF§°BvEﬁnfB? a large
sector size such as_video data, eby. i % n the.reliapil t¥ of dat a,
and is furt*ﬁFrQﬁﬁﬁﬂF¥eQFO%%§§+?gp %E%sé?ng g@f? FsUBfCvart Slg Rengt h.

S
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magnetic digle, ARPAIG &P [QYVNE Sct&EOLSLPELEEREOPHSLAYsSYaL lbe the

sector size is fixed to 512B. The magnetic disk apparatus:
of the present invention is capable of correcting errors
efficiently even for a large sector size such as wvideo
data, thereby improving the reliability of data, and is
further capable of easily processing sectors of variable

length.

BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to solve
the problems described above and to provide a magnetic
disk apparatus having a recording/reproducing system
suitable for recording and reproducing data such as wvideo
data in the unit of large amount of data, which records
and reproduces data satisfactorily even when the recording
medium has defects, and is cépable of suppressing the
decrease in recording and reproducing speed.

In order to achieve the object described above,
the magnetic disk apparatus of the present invention
comprises:

a disk medium having a data region for



suitable for recordi ng and reproduci ng data such as video data in the unit
of large anount of data, which records and reproduces data satisfactorily
even when the recording nediumhas defects, and is capable of suppressing

the decrease in recording and reproduci ng speed. - In order to
achi eve the object described above, the magnetic disk apparatus of the
present invention conprises: a di sk nmedi um having a data region
for -12-_.12- magnetically recording and

reproduci ng user data and a servo region for positioning a magnetic head
whi ch recor dsagneticablydoeecsrdhnguged dapzpdundngouferedatasandi ag
provided on the sane plane;, and = sector processing neans having
an error CcOPeEY®| brotedcigenepai bionknghagenghatés Bepdrwhaehetererdscodes
based on a product code and records or reproduces data for_ each sector

si ze whi ch |34 HeeRFPiuges Eber dFRg daka. r apfobatRngegheraskpingt a.

The magnetic di sk_apparatus of the_ present _ invention is provided with

sect or proce%E?“ﬁdﬁga%% Eﬂ?cﬁam?e8$$a§’o?n?eproduces data for each sector
that is the wunit of recordingFand regroducing data with respect to an

external device, and tRECSBE: BFOFF§ELETi RG2REaRE VLY FPo®rE8d with an error
cor rection code, gepetat Obadhygher SERE" #hE8n5LRE-SRELOELLOD §0des baggd on
product code:

codes based on a product code and records or reproduces

data for each sector size which is the unit of recording

and reproducing the user data.

The magnetic disk apparatus of the present
invention is provided with sector processing means which
records or reproduces data for each sector that is the
unit of recording and reproducing data with respect to an
external device, and the sector processing means is
provided with an error correction code generator which
generatés error correcfion codes based on product code.

The magnetic disk apparatus of the present
invention is capable of correcting errors efficiently even
for a large sector size such as video data, thereby
improving the reliability of data, and is further capable
of easily processing sectors of variable length.

The present invention provides a magnetic disk
apparatus having a recording and reproduction system
capable of setting the video frame length to one sector.
Since the video frame length varies depending on the

compression system and resolution in this recording and



The magnetic di sk apparatus of the present invention is capable of
correcting errors efficiently even for a large sector size such as video
data, thereby inproving the reliability of data, and is further capable
of easily processing sectors of variable |ength. The present

I nvention provides a nmagnetic di sk apparatus having a recordi ng and
reproducti on system capable of setting the video franme length to one
sector. Since the video frane | ength valid3s depending on the conpression
system and resolution in this recordi ng and

-13- reprodueprodusfipangyistems ddsisafesirabde dop®e €aprblgc@Fmodati ng
variable video frane |ength. According to the present invention, a
magneti ¢ di sRegppacdald ngavardablee Vi rrgead@ngddr o d AECPSR18Es t€m
capabl e of accommodating variable sector | ength can be provided.,

Al so, accor dithg PESERBt: 8FERtAG and MPEPRSIGCOisK SPPRERATYS DRYIPGesent

I nvention, the problem, of c | i cated control of acce to the hard disk
due to the FPRedeEOL 6P95P?§ FpgféchﬁOPhéyﬁﬁﬁW%ﬁ?@@%@ﬁ Rérd disk

b lved. F le, | f hard .di sk havi
Corage capaBFEy BPUTSeRs NARREP Bt CoShbrorebitomae b8 PRPgtRE:

0GB 2SSO0, A" i R W BRI d a0 | 2 e

uni t of 180 §E§Egﬁ§ctkgntg§§t%ﬁsgf %%%hp¥5g%%td§5§ention, the problem
of complicated control of access to the hard disk due to
the fixed sector size of 512B in the conventional hard
disk apparatus can be solved. For example, in the case of
a hard disk having storage capacity of 10GB, number of |
sectors becomes as large as 10GB/512B=19531250. When
processing video data in such a large unit as the video
data described above, data can be recorded and reproduced
in the unit of 180 sectors. In this case, such video data
can'be recorded and reproduced by controlling 10GB/
(512x180)=108507 blocks of data. As a result, according
to the present invention, number of sectors to be
controlled can be reduced by two orders of magnitude.

While the novel features of the invention are

set forth particularly in the appended claims, the
invention, both as to organization and content, will be
better understood and appreciated, along with other

objects and features thereof, from the following detailed

description taken in conjunction with the drawings.



can be recorded and reproduced by controlling 10GB/ (512x180)=108507

bl ocks of data. As a result, according to the present invention, nunber of
sectors to be controlled can be reduced by two orders of nagnitude.

Whil e the novel features of the invention are set forth particularly in

t he appended clains, the invention, both as to organization and content,
wll be better understood and appreciated, along with other objects and
features thereof, fromthe foll ow ng detdfred description taken in
conjunction with the draw ngs. -14-
BRI EF DESCRIBRTEN RESGREP RAF TAEVBEVERALEVDRASY NG THE DRAWING FIG 1 is
a schematic illustration for _explaining recording data generating nethod
of a magnetic disk apBéPat&slﬁcéoﬁﬁpﬁ@aFécfPﬂéPs FBddomedorof the present
i nvention; g schenatlc il lustration for explaining
recordi ng séﬁﬂ%ﬁ?ﬁniﬁgFf%foﬁ ing data geneF?E%nS pethodcREngt pagnetic

Lo the 11 ot e URHEe FaiSEiLeanfol RLERE Shpbdinth GEPEhaT 25 °PL "

schematic il | xpl ai ni ng recordlng format on the disk nedium
of the r##ggééﬁsqgg%%%%£$Us according to the second enbodi nent of the

present I nVention:  pzg. 2 1E1G oinbiaRi°IETALLEkLLASEE! ON 0T

explaining recording segments of FIG. 1;

FIG. 3 is a schematic illustration for
explaining recording format on the disk medium according
to the first embodiment of the present invention;

FIG. 4 is a schematic_illustration for
explaining recording format on the disk medium of the
-magnetic disk apparatus according to the second embodiment
of the present invention:

FIG. 5 is a schematic illustration for
explaining a method of generating data of the recording
segments of FIG. 4;

FIG. 6 is the schematic illustration for
explaining the method of recording in a magnetic disk
apparatus of the prior art;

FIG. 7 is the schematic illustration for
explaining a servo region of the magnetic disk apparatus
of the prior art:;

FIG. 8 is the schematic illustration for
explaining sectors of the magnetic disk apparatus of the

prior art;



expl ai ning a nethod of generating data of the recording segments of FIG

; FIG 6 is the schematic illustration for explaining the

met hod of recording in a magnetic disk apparatus of the prior art;

FIG 7 is the schematic illustration for explaining a servo region of the
magneti c di sk apparatus of the prior art; FIG 8 is the
schematic illustration for explaining sectors of the magnetic disk
apparatus of the prior art; -15- - 15-
FIG 9 is the schematic illustration for explaining recording format of
t he magnetic di sk appar BL@s Yofist fheppschemaitic dddustration foF| G 10 is
the schematic illustration for explaining error correction code generating
met hod of t heeXPhgheing BESRTAPRGr BeTmabf Of hEhpr pagngeic disk apparatusy | |
be recogni zed that sone or all of the Figures are schematic
representati ofs Fof BEIPHs@ECofand| | ustrati on and do not necessarily depi ct
the actual relative si Oi Iocathons f the eLﬁgents shown. DETAI LED
DESCRI PTI ON OF THE | NVERFPeNEQ 1S the scRgRatif, dddpsEgagifBaifhREnt of the

magnet i c di sk, aPDAKALYS, O Lhe RIESERL, | DYSOt on Will, be; descri bed, bel ow
magnetic disk apparatus of the prior art.
It will be recognized that some or all of the
Figures are schematic representations for purposes of
illustration and do not necessarily depict the actual

relative sizes or locations of the elements shown.

DETAILED DESCRIPTION OF THE INVENTION

Now a preferred embodiment of the magnetic disk
apparatus of the present invention will be described below
by taking reference to the accompanying drawings.

<<Embodiment 1>>

A hard disk apparatus of the first embodiment of
‘the magnetic disk apparatus of the present invention will
be described below. FIG. 1 explains the error correétion
method and recording method in the hard disk apparatus of
the first embodiment.

(A) of FIG. 1 shows a method of dividing data
into blocks in order to apply error correction to user
data blocks. (B) of FIG. 1 shows a method of generating
error correction codes. (C) of FIG. 1 shows the unit of

recording.



by taking reference to the acconpanying draw ngs. ' <<Enbodi nent
1>> A hard di sk apparatus of the first enbodi nent of the
magneti ¢ di sk apparatus of the present invention will be described bel ow.
FIG 1 explains the error correction method and recording nmethod in the
hard. di sk apparatus of the first enbodi nent. (A of FIG 1
shows a nethod of dividing data into blocks in order to apply error
correction to user data blocks. (B) of & 1 shows a nethod of generating
error correction codes. (C) of FIG 1 shows the unit of recording.

- 16- | n t hel®atke otagat af sdehaasuabt fenmptionr pictiresjsit
convenient to record and reproduce data_in the unit_of, for exanple,

pi cture framets I$PHYRIIRRE YD TenPEhand (pepreduce tdata abr kel ekt @fe

anount of datfa of one icture frame is 15040B(byte). Wien the sector size
is variable, 3% W%é'c&i‘tqwqeecﬁﬁi“Qhe Y desepbrEEensthay provi ding

means for se':jtti t he sector si zed'n' advance ?{'t‘)%u nmeans of an external
[

apparat us an £ ot P AW (Hheat Rheed rdte Pacrdf the
o 3 o 3, OWALALIL S B AR ke B eI DB, S0
?gﬁgz Eevmaingﬁr{%aszq{%%aédﬁiitcg Oéf%{he b% Céo%&gfﬂ? iA Stt}eS%é)r% J:{]s% eafé)préaraél?sct or
by providing means for setting the sector size in advance
by means of an external apparatus and means for recording
the data in a specified place of the disk or a nonvolatile
memory such as flash ROM. Sector length which is the unit
of recording and reproduction of the conventional hard
disk is 512B, and the amount of data of one picture frame
is 15040B. Therefore, sector length which is the unit of
recording and reproducing with an external apparatus is
set to 15040B. When data of 15040B is transferred from
the external apparatus to the hard disk apparatus of the
first embodiment, the hard disk apparatus first divides
the data into segments.

In the hard disk apparatus of the first
embodiment, such a case will be described below that the
segment size is 64B in the horizontal direction and 64B in
the vertical direction, namely 64Bx64B=4096B.

When the sector length is 15040B, the sector is
first divided into a segment 1 and a segment 2, both

having fixed length of 4096B, and a segment 3 having a

size of 15040B -~ 4096x2=6848B, as shown in (A) of FIG. 1.



recordi ng and reproducing with an external apparatus is set to 15040B.
Wen data of 15040B is transferred from the external apparatus to the hard
di sk apparatus of the first enbodinent, the hard di sk apparatus first
divides the data into segnents. In the hard di sk apparat us of
the first enbodinent, such a case wll| be described bel ow that the

segnent size is 64B in the horizontal direction and 64B in the vertical
direction, nanely 64Bx64B=4096B. ~17men the sector l ength is
15040B, the sector is first divided into a segnent 1 and a segnent 2, both
having fixed | ength of N%Bd%ﬁdhé‘%éaﬁerﬁe%t%mﬂbeaﬂ%ﬁ’z%fﬁeqmﬁ%
4096x2=6848B, as shown in (A)_of FILG 1.

-17- is FRén te Pryend ited é&ﬂﬂﬁh Fthd QAR st Hegndhs 13 set to

have fi xed Ien%gh of 4Q96B so t hat the Ia segnent Si ze |s no sd[;ral | er
t han one segm§ mente SigG 1SnBA SMn&T Oc’%e an prevent

he d d f .th
for the orror SBBIAEE FBRRGHAn r°%g§%”e?s‘4a%2 ﬁm mtd *#gredas' Bre
error correcti nr%gggsﬁgcyglo\fegphs A | nr&%fn%%{ at% (ﬁ%e%; fon 4-byte data

fromDierr] rou e ofr I'n a segnent 1

actoranot" (@1 %Fagkﬁﬁgth ?2%6“% processeéJ I'n %lq}qp&% q_g.zctrﬂéjegs%bove

sectors of varia n e unit B. Since the
size of the of the first embodiment, 4-byte error correction code is

given as an inner parity code for 64-byte data from Dg
through Dg 5 in the order of data input of data segment 1
as shown in (B) of FIG. 1. When the segment is divided as
described above, sectors of variable length can be
processed in the unit of 64B. Since the size of the
segment 3 is 6848B when the sector length shown in (A) of
FIG. 1 is 15040B as described above; the segment 3
includes 107 sets of 64B data. When the sector has a size
less than twice the segment size, the sector is handled as
one segment without dividing, and it is made poésible to
accommodate small sector size. When data is divided into
segments, error correction code of the product code is
generated and applied. As for the error correction code
in the case of the first embodiment, 4-byte error
correction code is given as an inner parity code for 64-
byte data from D, through Dgs in the order of data input
of data segment 1 as shown in (B) of FIG. 1.

When the inner parity code is generated, 4-byte

error correction code is generated as an outer parity code



segnent 3 is 6848B when the sector length shown in (A) of FIG 1 is 15040B
as descri bed above, the segnent 3 includes 107 sets of 64B data. Wen the
sector has a size less than twi ce the segnent size, the sector is handled
as one segnment without dividing, and it is nmade possible to accomodate
smal | sector size. Wen data is divided into segnents, error correction
code of the product code is generated and applied. As for the error
correction code in the case of the firstt&mbodi ment, 4-byte error
correction code is given as an inner parity code for 64- byte data from
D err] throudemy e dte drddiheofvegdiif g nplikresiiomt a Siamfehel as
shown in (B) of FIG 1. ) When the inner parity code is generated,
4-byte ' erroPYW T SALIGY G iiF gansensad 4 Mo HTtina) dirgsteon,

-18- for 64-byte data in the vertical directigon. Since the outer parity
code i s proc&ssed§ PRt vEPt TR CHFPBCEPERECTEPB FPIP SIPRBTEEPH f‘H&terror

for the segm# I'S si Iear enerat et a seghent havi ng
o e LecHBRBRIBRAL o LILBAAE SN, Al {1 4B LSS L
correction cBRARRH bde Br the segment 2 is similarly generated,
so that data segment having error correction code applied
thereto is formed as shown in (B) of FIG. 1.
When the sector is divided into segments as in
the first embodiment, error correction can be applied to a
long sector thereby making it possible to restrict the
variation in the error correction capability within a
specified value. Therefore, in the hard disk apparatus of
the first embodiment, recording density can be set higher
dompared to cases where segment division is not carried
out.
Also since the product code having internal and
outer parity codes is used in the first embodiment, it is
- made possible to carry out duplex error correction unlike
the case of using the reed-solomon code of the prior art
shown in (A) of FIG. 10. Therefore, the hard disk
apparatus of the first embodiment has high error
correcting capability.
When error correction code ECC (P,, P,,...) is

applied as shown in (B) of FIG. 1, data is divided into a



| ong sector thereby nmaking it possible to restrict the wvariation in the
error correction capability within a specified value. Therefore, in the
hard di sk apparatus of the first enbodi nent, recording density can be set
hi gher conpared to cases where segnent division is not carried out.

Al so since the product code having internal and outer parity codes is used
in the first enbodinent, it is nade p055|ble to carry out duplex error
correction unlike the case of using the€ 19sed- sol onon code of the prior art
shown in (A) of FIG 10. Therefore, the hard disk apparatus of the first
enbodi ment h&%“ﬁ?éhtErPSrreﬁeFﬁééglﬁggéﬁﬁﬁﬁlPSt?hOWﬂ in (C) ofnERGer dor

correction code ECC (P[err], Plerr],... ﬁplled as shown in (B) of
FIG 1, dataThe H?GPH@HnQnFSQEentS are set tI tr &PitEy 187 thecopditngfsegnent s

h FI.G 1. di t t M set th
init o 66- BYtBPER 4°EBnGPPEF A5 0. RYrBYR: JSERoRROFR iB) (8D PECFIGE wiih'
4- byt de ECC added_theret h
the dr avi LST 1HHbE s ﬁ?g%?eﬁﬁorcasas%m%[ Eofls, Fhe, Eﬂsmﬁtﬁnsam ;
resynchronlzkﬂglt§£gga %di LOLRLe Qﬁlﬂgasgr?ﬁ'f% occurrlng when

changing from by%e 0 burs erro uP?ng dat a
reproductiongapapility isDBhRchsr’ SRBEAGEaPARLAL! ¥e59n5n908&&1%g0f data

signal is added to prevent phase shift from occurring when
changing from bits to bytes due to burst error or the like
during data reproduction.

Data is recorded basically in the order of data
input as shown in the drawing. When the value of N in (C)
of FIG. 1 is set to 8, number M of the last recording
segments in the vertical direction becomes 7. 1In this
case, temporary data may be recorded in the recording
segment M.

Inner configuration of one recording segment
when the value of N in (C) of FIG. 1 is set to 8 is shown
in FIG. 2. In FIG. 2, total size of the recording segment
is 69x8=552 bytes, provided that AM which is the
resynchronizing signal is assumed to be one byte. When -
the size of the recording segment is set to a value near
the conventional data sector length of 512 bytes, the
recording/reproduction circuit of the prior art can be
used. Data is recorded successively in the unit of the
inner parity code frame 5 of FIG. 2.

FIG. 3 shows the state of data recorded in the



I nput as shown in the drawi ng. Wen the value of Nin (C of FIG 1 is set
to 8, nunber Mof the last recording segnents in the vertical direction
beconmes 7. In this case, tenporary data may be recorded in the recording
segnment M | nner configuration of one recordi ng segnent when
the value of Nin (C) of FIG 1 is set to 8 is shown in FIG 2. In FIG 2,
total size of the recording segnent s 69x8=552 bytes, provided that AM
which is the resynchronizing signal is ad8unmed to be one byte. Wien the
size of the recording segnent is set to a value near the conventional data
sect or | engt thayfd 3iiskwhich tig thecechrdinepnedieni bn thecfirstf the
prior art can be used. Data is recorded successivelX in the unit of the

i nner parity ewRpdinene 5 B & 3. the AGC reginpm 48 iponsovhéedtate of

data recorded in the i -20- hard di sk
which is the fRaving thaliSprve xe@lonrdd- hDobreeMC FRIFP®E 48, 2he AGC

region 48 is provided following the servo region 42, In the AGC region 48,
a pattern n&EIERY GRFCITREA %i*Fl't%i}fg%f?ﬁgc‘b’ags?ﬁ&e¥h%as§%?90t}§ ctor is
)

ded. Th h | zat] ' 49 _i .whjch i f
the synchr oniSERTOIFSGTh 1hE HHAEDS  dPSI SEFTEORHFREToN dEPFRG 20 ©

reproduction ; of the recaorded data. In the data address mark. (D regi on
50, a code i ndi caat]%]ar%lq ew% A TR T A f%r £ Synchronléa‘é\]%n

with the clock of an electric circuit during reproduction
of the recorded data. In the data address mark (DAM)
region 50, a code indicating the start of the data is
recorded which is used as synchronization signal for
demodulating the data which is written in bit unit into
byte data. In the case of the first embodiment,
demodulation is possible even if the DAM region 50 is
omitted because the resynchronizing signal is applied.

A recording segment region 1 is provided next to
the DAM region 50. Size of the recording segment 1 is set
to correspond to the size of thé recording segment shown
in FIG. 2. In the case of the first embodiment, data
recorded in the actual recording segment 1 is eight inner
parity code frames 5 in the combination of the
resynchronizing signal (AM2), 64B data (DATA3) and 4-byte
error correction code (ECC4). In case the recording
segment 1 lies on both sides of the servo region 42, it
may be divided-by the specified number of bytes similarly
to the case of the prior art described with reference to

FIG. 9. Reproduction can be processed similarly to the



recorded which is used as synchronization signal for denodulating the data
which is witten in bit unit into byte data. In the case of the first
enbodi ment, denodul ation is possible even if the DAMregion 50 is onmtted
because the resynchroni zing signal is applied. A recording
segnent region 1 is provided next to the DAM region 50. Size of the
recording segnent 1 is set to correspond to the size of the recording
segnent showmn in FIG 2. In the case of 2lfe first enbodi ment, data
recorded in the actual recording segnent 1 is eight inner parlty code
frames 5 i n BPREOEo®Enati on of the resynchron|2|ng signal (AM2), 64B data
(DATA3) .and 4-byte error correction code (E In_case _the recording
segment 1 lies on bot hTBRJdEECcEFALRE §8FWétr§5PUﬁ 4D FIf- RaflBe 8PFi ded by

t he specified nunber of bytes sim to the case of .the_prior art
oscr | bod wi SHOY of cremturs othet dands 'memaﬁﬁtmn%eanuaétp?sca%g@ant
simlarly to,th prior art.

The recordlriff%ﬁﬁ%fb%%ohﬂ M3 BeEloRake Eﬁ%hpﬁl?ﬁa?ﬁFe t hat random
access in the unit of ﬁ gtfﬁg%apgaBPglﬁeP@ gfskgglggegEthd to the pri or
irs

art. In the resen nventi on,

descri bed aQB¥$en#ﬂ§%eS§§t P{Q%%'¥$Q§prf eg S&GLELE Sa QddE?fdégror

correction code o pro ers a fo each segnen
means for dimighNgegments and the error correction code of the product

code is applied to each segment, while means for dividing
the data assigned with the error correction code into
recording segments as the unit of recording and
reproduction is provided. As a result, the hard disk
apparatus of the first embodiment is capable of
efficiently applying error correction code of high
correcting capability even for long sectors such as video
data, and is further capable of making access for |
recording and reproduction with the same method as that of
the prior art.

Although the error correction code is divided to
data segments of 4096 bytes in the first embodiment,
similar effect can be obtained even when the segment size
is arbitrary.

Although the inner parity code is assumed to be
the 4-byte error correction code for 64-byte data in the
first embodiment, the humber of data and the number of
error correction codes can be freely set according to the

desired data correction capability. At this time, higher



the data assigned with the error correction code into recording segnents
as the unit of recording and reproduction is provided. As a result, the
hard di sk apparatus of the first enbodinent is capable of efficiently
applying error correction code of high correcting capability even for |ong
sectors such as video data, and is further capable of nmaking access for
recordi ng and reproduction with the sane gethod as that of the prior art.
Al t hough the error correction code is dir¢éded to data segnents of 4096
bytes in the first enbodinment, simlar effect can be obtained even when
the segnment SF%@T Foraepriear§apability canppehgh§hingd. i afethpanumperode

is assunmed to_be the 4-byte error correction code for_ 64-byte data in the
first enbodiﬂgn?Fr?ﬁecﬂﬁﬁ%%FlBP 9288S ahBCT RBSRENbeP IBE 128 LY or 1&0PFEES On

codes can be freely set_according to the  desired data correction,
capabi lity. gyétﬁ?ss?ynggaﬁigﬂ%rgame can be salg og tge outer parity
-22- error 8§ééection capability can be obtained, as the nunber of error
correction codes’ increases. Simlarly, it needs not to say that the sane

can be said of the outer 4t (o] <<Enbodi nent 2>>
Now a magnetic di sk apgéFggé§E§88§r ?ﬁg to the second enbodi nent of the

present invention wllygg 5 magnetic disk apparatus according to the
second embodiment of the present invention will be
described below by taking reference to the accompanying
drawings. In the drawings, components having the same
configuration and functions as those of the first
embodiment will be referred to by the same numerals and
description thereof will be omitted.

The magnetic disk apparatus of the second
embodiment employs a method capable of recording data
further efficiently than the recofding format shown in
FIG. 3 of the first embodiment. In the magnetic disk
apparatus of the second embodiment, the GAP region 53 and
the synchronization region 49 located between the
recording segments 1 in FIG. 3 are omitted. Even when
made in such a configuration, the magnetic disk apparatus
of the second embodiment can record data reliably and make
access at a high speed.

FIG. 4 shows the recording format.in the hard
disk apparatus of the second embodiment.

As shown in FIG. 4, the data region 43 includes

the AGC region 48, the synchronization region 49, the data



descri bed bel ow by taking reference to the acconpanying drawi ngs. In the
drawi ngs, conponents having the sane configuration and functions as those
of the first enbodinment will be referred to by the sane nuneral s and
description thereof will be omtted. The magnetic di sk apparat us
of the second enbodi nent enpl oys a nethod capable of recording data
further efficiently than the recording format showmn in FIG 3 of the first
enbodi ment. In the magnetic disk apparaI%%‘of t he second enbodi nent, the
GAP region 53 and the synchronization region 49 | ocated between the
recordi ng sedfsdHiess nari| (BAM) Feginn t3Q@ENE/Ehe PR regdeni p3suanda
configuration, the magnetic di sk apparatus. of the second enbodi nent can
record data rél9sShITPEHRPIHREE REantially e spreg. as the FIG 4

shows the recording format in the hard disk apparatus of the second

enbodi ment. contiguration 46 £1Gy, Fidesoribed pEeRleedtBn 43 includes the
AGC region 48, the synchropizatiop_region, 49, the datg.

-23-  address mark (Ewiﬁh?€g+%néﬁgf%ﬁgn?hénCiﬁer§6F§n8§§? aRparpfuseot
regions are syhst i a | he. sane as t canfiguration of FI.G .9

descri bed previ ou{%gyc‘;.naH éﬁéo;lr?gn?/\h%ouf rs}'EI off T%r%ﬁt{?‘?ﬁ fjh S{:la?rﬁb%‘?‘qsrﬁent

TERT AN Shad MRS WO UamIa LB R? plalde {115tprsbAe 1
between two servo regions 42.

Operation of the hard disk apparatus of the
second embodiment configured as described above will be
described below.

In the hard disk apparatus of the second
embodiment, data capacity of the recording segment 1 is
generally set so that maximum efficiency can be obtained
based on the characteristics of the magnetic head and the
hard disk. In the first embodiment, data capacity of the
recording segment 1 is set to an integer times the inner
parity code frame length. Therefore, when recording by
the method described with respect to the
recording/reproducing method of the first embodiment in
the recording format of the second embodiment shown in
FIG. 1, there is such a limitation that the size of the
recording segment 1 can be set only in the unit of the
inner parity code frame length. For this reason, hard
disk apparatus of the second embodiment has a problem that
the recording efficiency decreases when recording by such

a method.



bet ween two servo regions 42. Operation of the hard disk
apparatus of the second enbodi nent configured as descri bed above wll be
descri bed bel ow. In the hard di sk apparatus of the second

enbodi ment, data capacity of the recording segnent 1 is generally set so
t hat maxi num effici ency can be obtained based on the characteristics of
the magnetic head and the hard disk. In _the first enbodi nent, data
capacity of the recording segnent 1 is~€4r to an i nteger times the inner
parity code frame |ength. Therefore, when recording by the nethod
described with respect Inporfer itecsedivieg/thdsr Fredile. mihigogesiondhe fir st
enbodiment in the recording format of the second enbodi nent shown in FIG
1, there is eneadimenti Lt Fepfigurednhgosithatotthehamouptopdi AgtaeyhdrP 1 can
be set only in the unit of the inner parity code frane Ien%th. For this

reason, har d°2Bi BR BppaAFdedsiBf thReTSELEAINENFEIMARNt Lh§8 aPBr obl em t hat

the recording efficiency decreases when recqrdin such, .a .net hod.
24 BeSoghtaSheby: SGH! Desnh 8prooReH CERACSBEORASaNE0ACHENt | s
configured s tﬁa&.g%e anngg% of data which can be recorded in the
recordi ng seﬁﬁﬁ t 158aRPBa 3 -880gni zed by such neans as an ROMtabl e

provided in the hard qggkmggﬂgﬁabgsgenerating the data to be recorded

in the recording segment 1 in the second embodiment will
be described below.

FIG. 5 shows the method of generating the data
to be recorded in the recording segment 1. The method of
generating thé error correction code (ECC) is the same as
that of first embodiment as shown in (A) and (B) of FIG.
5.

As shown in (C) of FIG. 5, a resynchronization -
pattern 9 (AM) is assigned to the error correction code
and the data and synchronization pattern 8 is applied to
the data for PLL restoration. Also a GAP pattern 10 which
is a tolerable range for fotation jitter of a motor is
added to the end. |

Then as shown in (D) of FIG. 5, the data block
generated in (C) of FIG. 5 is divided into a plurality of
recording segmént 1 for each recording segment 1ength_6
having the capacity to record in the recording segment 1
successively from the head. Since the recording segment
length 6 is determined according to the characteristics of

the magnetic head and the hard disk as described above,



The net hod of generating the data to be recorded in the recording segnent
T in the second enbodi nent will be described bel ow. FIG 5
shows the nethod of generating the data to be recorded in the recording
segnent 1. The nethod of generating the error correction code (ECC) is the
same as that of first enbodi nent as showmn in (A) and (B) of FIG 5.
As shown in (C of FIG 5, a resynchronization pattern 9 (AM is assigned
to the error correction code and the dat®™d and synchroni zation pattern 8 is
applied to the data for PLL restoration. Also a GAP pattern 10 which is a
tol erabl e rahg§&ti SPIPERE: Pénthet FEFOSALRINSLIMeNE ladees rett kecere.
Then as shown_in datﬁ bl ock enerated in (O of FIG 5
g

D .of FIG 5, th
i s divided i iP8 ﬁgﬁéb?éFPt§eSFen%ei8PgF sePneRt-S1CPSR e 2 hPEEYr EPfy
t | th | th ity t d in_the, di t 1
b RS ST AP RSt PRI
geterm ned 2g6800hifq! @eEDE; SHRLAGLELLALLES Otn bRRLIPY°H:EARRYANE LNe

| ast segnentFﬁéb?gﬁ rgﬁogggngegﬁgﬁﬁggﬁéggggﬁtnogngeggggtéépgo§pecified

segnent | eng n fhi's case, rést of may be

recorded i n gospeaihiedrPahbeifst LEEALHENGaR! bhchEREYnIREHERY Rl N OF der

to prevent this
following equation (1) from the recording segment length 6

because capacities of the sector data, the error
correction code, the resynchronization signal 9 (AM), the
synchronization pattern 8 and the GAP pattern 10 are
known:
" K=(D+E+A+S+G) MOD W (1)

(MOD is an operator indicating residue.)

D: Sector data capacity

E: Total capacity of error correction code

A: Total capacity of resynchronization signal

S: Total capacity of synchronization pattern

G: Total capacity of GAP pattern

W: Recording segment length

K: Recording length of last segment

Therefore, when recording the next segment, it

suffices to divide into segments by setting only the first
recording segment to W-K as shown in (E) of FIG. 5. Since
the start positioh of recording in the next recording
segment 1 on the hard disk is determined from the value of

K which is determined by the equation (1), recording can



problem in the second enbodi nent, end position of recording of the |ast
segnent can be determned by the follow ng equation (1) fromthe recording
segnent |length 6 because capacities of the sector data, the error
correction code, the resynchronization signal 9 (AM, the synchronization
pattern 8 and the GAP pattern 10 are known: K=(D+tE+A+S+G MDD W

(1) (MODis an operator indicating resiq%f.) D Sector data capacity E:
Total capacity of error correction code ~“A~ Total capacity of

resynchroni zation signal, S: Total capacity of synchronization pattern G
Total capaci Bf Serreapifdaient lywwithriTFRape D 1 BRfiTRcK veRaRFHRMNg

| ength of last s Theref ore, when recordi ng the next

segment, it ‘Suf 'nz%*%%Fqﬁqﬂ(ﬁ?qqﬂﬂfzéegnents by setting only the first
posi i onof recordi ng MM G VRO SaghenTaTE Pt HESHRPRER ok i s
determ ned L% tR%etHindlte, < AR drie R UGN i WG GBI L)
recordi ng can ~76-" e done
o111V el S0 OREE Y S0 By 0 RN
i ndet er m nat @ocyrAdfigl RegMARY 991 +He W) GV ellihratus of the
second embodiment, destruction of data can be prevented
even when the subsequent data is recorded. In the hard
disk apparatus of the second embodiment, disturbance of
the reproduction clock in the PLL circuit due to the
border is ceases by receiving the synchronization pattern
recorded at the start of data, and therefore data can be
reproduced with satisfactory clock.
Start position of any sector can be determined
by the following equations (2) and (3) assuﬁing the sector
number to be reproduced L.
J=Lx(D+E+A+S+G) /W (2)
M=(Lx(D+E+A+S+G)) MOD W (3)
J: Servo region 42 position with respect to start position
M: Number of bytes of recording segment 1
In the second embodiment, as described above,
start position of a sector can be known by a simple
arithmetic operation and the sector length is known, and
therefore any sector can be accessed.

Even when the recording segment length 6 is

different between the inner circumference and the outer



rotation jitter of a notor is added to the end of the recording segnent 1
I'n the hard di sk apparatus of the second enbodi nent, destruction of data
can be prevented even when the subsequent data is recorded. In the hard
di sk apparatus of the second enbodi nent, disturbance of the reproduction
clock in the PLL circuit -due to the border is ceases by receiving the
synchroni zati on pattern recorded at the stfft of data, and therefore data
can be reproduced with satisfactory cl ock?~ Start position of
any sector can_be determined by the follow ng equations (2) and (3)
‘assumi ng the SEECYPECRBREE, PERBEI: S¥chddc SO Iouration:eealthes) / W

(2) Nt(Lx(D-E+§+S+G ), MOD W . (3) _J. Servo region 42
position wi t h*PESPBRLELIPE d8aPPtaderE frome Rbhdebde Br eXher meamsdi ng
segnent 1 ..In the second enbodi.nent,, as descri bed above, start
position of amglé?tso%tcgﬂsﬁébiﬁo%ﬁ By teT8iRs &€ é:?’ir A& idhedi%n and the
sector Iengthobarggggg, and therefore any sector can be accessed.

Even when the fecordrng segnent length 6 is different between the inner

circunference and the outery . . , =27~
ci rcunference, meking such & con |e§1ura§()|Vc?ﬁ a4 Fecond, IRadinsrt d%5pt ai ned

;;?Fhﬁef$¥4ta@h§a9§e05@95e58§8§ng Hg%gsek&iegﬁﬁkg§eb&oeﬁSH%QqEBesh%htgrOUQh
configuration as one recording segment is placed in each
data region énd by diving the recorded data into segment
with this segment length.

While the error correction code is divided to
data segments of 4096 bytes in the first embodiment,
similar effect can be achieved even if the segment size is
arbitrary.

While the inner parity code is assumed to be 4-
byte error correction code for 64-byte data in the first
embodiment, the number of data and the number of error
correction codés can be freely set according to the data
-correction capability. At this time, higher error
correction capability can be obtained as the number of
error correction codes increases. Similarly, it needs not
to say that the same can be said of the outer parity code.

Also, recording segment division is carried éut
by adding the AM pattern 9 in (C) of FIG. 5 in the second
embodiment, although efficient recording can be achieved

without the AM pattern.

According to the invention, as described above,



operation. As descri bed above, the second enbodi nent is
capabl e of recording data efficiently by enploying such a configuration as
one recordi ng segnent is placed in each data region and by diving the
recorded data into segnent wth this segnment |ength. Wil e the
error correction code is divided to data segnents of 4096 bytes in the
first enbodinment, simlar effect can be_achieved even if the segnent size
is arbitrary. Wil e the inngf parity code is assuned to be 4-
byte error correction code for 64-byte data in the first enbodinent, the
nunber of da$@CRANERIRE ATRDRFOGIARM T 2BPIEERT oRNROBEECEAROBECFEEENY set
according to the data, correction capability. At this tine, higher error

correction cEPE®iPYtdiviting SREEPRedRER 1RECNBREBENEF 2B SPTERPFecti on
codes increq;

colmlarly, it ds, h he. b id
of the outer %g}?%églﬁaé.gatétlggfu l&&éﬁ?é?%§%¥ﬁ}ﬁ§£§éﬁﬁéﬁgn§P§gg?8ﬁofgl
i ed t b di th t 9 i C F 5in.t d
erbodi ment . SPYREUHRS CTIPEPERE. § BRSD T rEC B e CaerPE YR 0o NP1 HBG: SERB - AM
PaTer T i iSRRI L e et e

dividing sec{r Haldeh Pt O SEIPEIMN Si80ahdb18€6f correcting errors

efficiently even for a large sector size such as video
data, thereby improving the reliability of data, and is
further capable of easily processing sectors of variable.
length.

Although the present invention has been
described in terms of the presently preferred embodiments,
it is to be understood that such disclosure is not to be
interpreted as limiting. Various alterations and
modifications will no doubt become apparent to those
skilled in the art to which the present invention
pertains, after having read the above disclosure.
Accordingly, it is intended that the appended claims be
interpreted as covering all alterations and modifications

as fall within the true spirit and scope of the invention.



diViding the data including the ey | ode into recording
segments, then recording the dat a”lﬂ!ﬁ @m"ﬁg ui /th this configuration,
t he magnetic di sk apparatus of the i on is_capable of

correcting errors efficiently even for a |large sector $iTES SHEET BaS\HEERO
data, thereby inproving the reliability of data, and is| furtirrLACBpabl e pf

easily processing sectors of variable ggth ' Al Though the

pr esent invention has been described in“ferns of the presently preferred
enbodi nent s, s to be understood that such disclosure is not to be

I nterpreted %Eﬁ?”%ntl ng. Various alterations and nodifications wll no
doubt becone apparent # hose n_the whi.ch t he present

i nvention pertains, aftef W39PH l?egaskh898859gu§|§8W8§&Féng'Accord|ngly,

it is intended that th aaggﬁggg§§&%ghﬁv1gghlha%%rpggée Sa§°%over|ng al

.alterations and nodifi pirit and scope of

the inventi . 29 -
CLAI M5 (thnetlﬁ?lagrﬁf?gi?%p%ls?dapp %?ﬁgl%%n%??gldata and 2

a
di sk medi um wgr@gp@ﬁafafgéggl{%n ngtmsgﬁuléeﬁasé'wﬁleﬂdréﬁemguc' ng

user data and a servo reglon p05| ni ng magneti ¢ head records

and reproducgsg S@é&é&%egaé@ma;@eﬁoaataegaﬁaswehngegisﬁgdsélﬁa the sane
plane and sector - processi ng neans haV|ng an error correction

code gener atmfoviddd GENEHal SSnEPEnEOr &gt i on codes based on a product
code and records or reproduces data for each sector size which is the unit

of recording and reprosectog paocdesseéngdmeansahdving an error the said
sector processing nmeans has a recording/reproduction segnent dividing
section whi ctpxifeciiemn darde | gethenhtyr twizichrgeneovatest eonorodergentianed by
said error codes based on a product code and records or reproduces

data for each sector size which is the unit of recording

and reproducing said user data.

2. The magnetic disk apparatus in accordance
with claim 1, wherein said sector processing means has
means for specifying the sector size by means of an
external apparatus.

3. The magnetic disk apparatus in accordance
with claim 1, wherein said sector processing means has
dividing means for dividing data of sector size into a
plurality-of segments and error correction code generating
means for generating error corfecfion code for each of the
segment.

4. The magnetic disk apparatus in accordénce
with claim 1, wherein said error correction code

generating means has an inner parity code generator which

generates M-byte error correction code for every
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correction code generator and data of fhe Sector size into a plurallty of
recordi ng/ reproduction segment r eprioaBEFFEF-9e I ch
records and reproduces data onammummmﬁﬂﬂu@n t e%ﬁﬁw }M?eBbEN
recordi ng/ reproduction segnment. * G LACH

apparatus in accordance wth claim11, wherein sald sect or proce55|ng means
has neans for specifying the sector sizedgé nmeans of an external

appar at us. 3. The magnetic drsk apparatus in accordance with
claim1l1, wherein said sector processing neans has_ dividin g neans for

di vi di ng dat a RFeIRFQIL GG N iRt R OHi TR | 15P D IREYnBHESSIFHRLY of TOm

correction code generatu}g nmeans for enerating error correcti n code for
sa aﬂ?@yh(g

each of the S@Y¥neart id usery MRR | S KPP oF
rans has an' AEER ApA SR Sa&%%%ﬁ*&%oé%i%?%’g&ﬁ’fb ene‘ﬁ?ol?

correction code for every -
predeterninedqf %ﬂeﬁ?%) %ﬁﬁﬁiqﬁﬁﬁ %Eﬁ%?l%%ce ?rusert?%F%tart of

said user data and an ouéerTgérhéépﬁggge?gggféﬁégga%ﬁgcgﬂﬁggggg&gﬁcg byt e

error correction code by using s I ppI Ng ytes of “user
dat a. wittp-clHiG TRONHA Sl SUn@RARIEL Usg 1l Agcpdance with claim
4, wherein the value of N'is The magnetic di sk apparat us

in accordance with C|a'®14Th&hﬁ£§ﬁéti@ed¥§kngﬁéré%h§ #n accordance /- The
magneti c di sk apparatus in accordance
with claim 4, wherein the value of M is 4.

7. The magnetic disk apparatus in accordance
with claim 4, wherein the value of K is 4.

8. The magnetic disk apparatgs in accordance
with c{aim 4, wherein'said outer parity code generator -
generates error correction code for l-byte data.

9. The magnetic disk apparatus in accordance
with claim 8, wherein the value of I is not less than 16
and the value of N is 64.

10. The magnetic disk apparatus in accordance
with claim 3, wherein said dividing means has segment
division information of predetermined H bytes and sets
data of sector size in one segment when the sector size is
less than twice the value of H, and divides data into at
least one H-byte segment and one segment which is not less
than H bytes and less than twice the wvalue of H when the
sector size is not less than twice the value of H.

11. The mégnetic disk apparatus in accordance

with claim 10, wherein H is 4096 bytes.

- —
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with claim4, wherein the value of Kis 4. 8. The nagnetic disk

apparatus in accordance with d outer parity code
generator generates error correalmmmmmm““ml)yte ET HA BEEN :
The magnetic disk apparatus in accordante ®*with tlaim Hﬁh%ﬂé&@g %e va e
of I is not less than 16 and the value of Nis 64. Fhe
magneti ¢ di sk apparatus in accordance with claim3, wherein sald di vi di ng
nmeans has segnent division infornation‘@ﬂ‘predeternined H byt es and when
the sector size is less than twice the value of H the said dividing
means will set data of lZhe The MRgnetie Giskh @PRasgialt immeagrdende sect or
size is nore than {w ce_the value of H the said dividing neans wl|
di vi de the d¥t&P Fﬁ?bmaﬁ I@Q@FebﬁeSﬂ;GyF§c§8§nEﬁPc&§§lBHem§é@ﬁe Swhi ch is
nore than H b tes .but éhan Wi ce the vg 11. The
magnetic disk 8853%396§epﬁ° BESEBENEEImRPEN &V&FﬁPﬂoseﬁﬁéPQIWhHCPs 4096
byt es. .
magnetic dis 13%%%?a?ﬁ§aiﬁnﬁéuﬁaﬁﬁcghemﬁfﬁ°£|SPﬁFeftlﬂﬁeFBPﬁ g&p&ra-gg
medi umis diyjded.in I f nts_t ave,sub t tially
Bl dgdibnkroft UbBLELY: 8 48K8 SEANRLLS, gagté 853,08, e

the sane angfes In ero I'ng arre&tton each €has a

servo regl oneantod daka 186D HINEARHehNokNEechohabDge gsﬁg%QBn whi | e

the length of recor reprodtcti on eng recor ded

in the data segh€Ats and a record3ngfbepPBafietibndbektaBRALALUR I N
accor dance

records and reproduces data onto a disk medium in the unit
of the recording/reproduction segment.

13. The magnetic disk apparatus in accordance
with claim 12, wherein said disk medium is divided into a
plurality of data segments to have substantially the same
angles.in the rotating direction, and each data segment
has a servo region and a data region divided in the
rotating direction, while the length of
recording/reproduction sector is the data length recorded
in the data region.

'14. The magnetic disk apparatus in accordance
with claim 12, wherein the data divided by the
recording/reproduction segment dividing section includes a
resynchronization signal;

15. The magnetic disk apparatus in accordance
with claim 12, wherein said disk medium is.divided into a
plurality of data segments to have substantially the same
angles‘in the rotating direction, and each data segment |

has a servo region and a data region divided in the

- This Sheet Has Been Replaced
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vvitH claim1l1, wherein the data divided by the Tecordi ng/ reproduction

segmeRt di vi di ng ZGCLI on incl udesi "H ieat i on signal .

14. The magnetic di sk apparatus m mm‘mmﬂﬂmzh claima,

disk mediumis divided into a plurakity o egnent s 5 H{g\%l—]%iaéﬁp% BEEN
substantially the same angles in the rotating direction, dn'd—eaeir—-da-tL__
segnent has a servo region and a data region divided in the rotating
direction, while being further divided intd™a plurality of zone regions in
the radial direction, so that |arger amount of data is recorded in the

data region i Fotakangudéregsaenanyhife PeAgoh fyrthed, rddlvﬁgi/erdeﬁ-rfﬁ'dhtﬁl on
segnent is the_sane over the entire disk nediu

magnetic di skpéﬁﬁéiéFMsoifnZSE‘@OF&SFIE’ES Y H'rh@I &‘aﬁ]llflordlf?c"vﬁ?é"'r elsr? ttrlﬂ?fdat a
e, gt SRS T AR, Ul L

Th ti | sk t h | 15

nfor mat o' r 651 PERCFORONE: 0P KG% HERGIEAY B 057 oo S A OGS at

least clock gypahneni gat},an hLoLyal SR A0 i 7 O

16. The magnetic disk apparatus in accordance

with claim 12 or 13, wherein the data divided by the
recording/reproduction segment dividing section includes
information required for dividing a plurality of sectors.
17. The magnetic disk apparatus in accordance
with claim 16, wherein the information required for
dividing the plurality of sectors includes at least clock

synchronization information and recording gap information.
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