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;e3e>DM: z6T>I T  METHOD AND APPARATUS FOR DECODI NG SYNC MARKS I N A DI SK
BACKGROUND OF THE | NVENTI ON The present invention relates to

t hat perforns perpendicul ar magnetic recording. Mre partlcudm “mmmwmmnmm
invention relates a technique of witing sync marks in the data segtors of
a disk. In nost disk drives, a representative exanple of mhlch IS a ard

di sk drive, user data supplied from 10 a hpst-system (e.
conmputer) are divided into 4096-bit (512-byte) data bIocks TammﬂMWWImmwmms
are recorded in the recording region of a disk-shaped recording ngdj,

(hereinafter called "disk"). Tth@ggobgq@gErng@@Tquthe disk is nanaged in
units of 15 so-called data sectors. Each data block (i.e., part of the user

data) is recordedrhODOARDAAPAASACUSI FOROOEEhOI NG Blrnot Rerkdat®. AEachkdat a
block is stored in one data sector, in a specific format. That is, the data

bl ock consists 20 of a preamBACKGRGYNT ORI'KHE usevENBLI@ and ECC (error
correction code) data. The preanble is a signal of a prescribed frequency.
The preanbl e is usedThe ackisené AGEechaubo gailmateenttoola) diek ddjiwsti ng t he
anplitude of a signal reproduced fromthe data sector by the 25 magnetic
head (her®i naf t hateperfednsopaspehdady)agr magnatéonpeicolddngek

synchroni zation for decoding data. The sync mark is a bit pattern that is
used to detect Mofe parpicpharh¥adéheofinVretioar rgaphesTRe teEBBARYLrend i n

the art is to d|V|de the sync mark_into two sync marks. Thus, the user data
i s divided |ntoOFmBr&EéP9d§V8C|F3H§S ?Hetﬁﬁrgﬁt&séﬁc&SFé §flﬁeﬁﬁéﬁnt

l ength: X bits) is re corde% n.the first and s%ﬁg nd sync rks and
t he second user - dat.a-ft 8o PWeS4O§6r?pﬁ%§§n W& VI, %(9QCwmng

t he second sync See r &Xx u. Pat ent 4 96, and
Jpn. Pat. AppIHWHEEﬁAFg har8 d? %ng §Ve, %se ta %U%pil%d Tro%

10 a host system (e.g., a personal computer) are divided
into 4096-bit (512-byte) data blocks. The data blocks
are recorded in the recording region of a disk-shaped
recording medium (hereinafter called “disk”). The
recording region of the disk is managed in-units of

15 so-called data sectors. Each data block (i.e., part
of the user data) is recorded in one data sector,
together with other data.

Each data block is stored in one data sector, in
a specific format. That is, the data block consists

20 of a preamble, a sync mark, user data, and ECC (error
correction code) data. The preamble is a signal of a
prescribed frequency. The preamble is used to achieve
AGC (auto gain control) for adjusting the amplitude
of a signal reproduced from the data sector by the

25 magnetic head (hereinafter referred to as “head”) or
to accomplish clock synchronization for decoding data.

The sync mark is a bit pattern that is used to detect
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10 Publication 2001-143406.) The first sync mark is used to detect the
header of the first user-data itemthat follows it. It is, for exanple, a
random pattern having a bit length of, for exanple, about 10 to 50 bits. In
the disk drive, 15 a decoder decodes the reproduced signal, generating a
series of bits. The series of bits is conpared wwth a reference bit pattern
for the first sync mark. Nanely, pattern nmatching is perforned, thereby to
detect the first sync mark. 20 More precisely, the first sync nmark is.
detected when its bit pattern is found identical to the reference bit

pattern. Once the fidsteSYHE ML kussrdgiested, the bit that follows the
| ast bit of the first sync mark is recognized as the first bit of 25 the

user-data itemthat tekl pueechbettenat ifyaBemaek. idheodacoduagtat shac
user-data itemis then started. In practice, the first sync mark is

considered to hayek idte Bwobepncdeteksed, Teuen thei tiseal Habat $s but two,
are identical to the bits of the reference bit pattern. The first sync mark
may not be det edieidedieinrbot treot heematiabspereny. ( TAhet Aatshasseesditead
mainly 5 fromthe characteristics of the GVR elenent that is used as the
head. (Fo¥ detaitemofbiia leegtipnX Pats) Abpl neckoRAl Pabrieeat tba 10- 49806.)
If the first sync mark is not detected, an attenpt will be nade to detect
the second syncfiesk.and $ecehe $Vﬁ§tméyhérnﬂﬁﬁngéené?CPBGnéséﬁddﬁﬁé second
sync mark is detected, . the first data-user item (bit length: X bits) is
consi dered errohe®fis (bt al8RIERF efBdCaht BI LT elFiF§F°H§F§1u§8}lPWéH9is

correctly decoded, whenever necess hrough_correction 15 process that
9 Hﬁ K % en%

uses the FOC datd® PECBBFnE¥R olet Lgbége?he QEcHAG By Re r&-used when
the first sync §§ﬁ295?0t19§6de%ggtggnﬁg?ég[yAgﬁgﬁgsgogkIthernal asperity

(TA). In view of’ he~secbnd syn sho have such a bit 20

pattern f@at itngyéggtggﬁegbgg_ghagbghgprobabiIity in spite of the thermal

asperity. The second sync mark used in the conventional'qisk drive that
perforns |ongitudi nakbyaBgRetiC shaeORARRY i8S ualkly thasied itl Hrl tyaudhat is

a series
of the first user-data item that follows it. It is,
for example, a random pattern having a bit length of,
for example, about 10 to 50 bits. In the disk drive,

15 a decoder decodes the reproduced signal, generating
a series of bits. The series of bits is compared
with a reference bit pattern for the first sync mark.
Namely, pattern matching is performéd, thereby to
detect the first sync mark.

20 More precisely, the first sync mark is.detected
when its bit pattern is found identical to the
reference bit pattern. Once the first sync mark is
detected, the bit that follows the last bit of the
first sync mark is recognized as the first bit of

25 the user-data item that follows the first sync mark.

The decoding of the user-data item is then started.

In practice, the first sync mark is considered to have
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25 of "Gs" and "1s".arranged in accordance with the NRZ (non-return to
zero) rule. In the longitudinal magnetic recording, any signal to be

repr oduced, - 4 which corresponds to such a bit pattern, has constant
anplitude and can hardly be "DC-erased."” Wen thermal asperity (TA)

devel ops, the base line for signals reproduced shifts, as is confirned in 5
the art. As a result, any signal reproduceyl changes in anplitude, very
likely to cause an error in the detection of data. The second sync mark is
nore liable to detection error than the first sync mark, due to the
shifting of thepbagseqbtBeted) AP¥nSignatsrgpioduesd Byt bRodi gkedrive that
perforns perpendi cul ar magnetic recording has a | ow frequency conponent
that contains ai®éneosponest thdhystsapy shenakreepheduped padeegaes a
base-line shift that is called "l ow band cutoff strain” when 15 the read
channel has such a trapsfersthayact enrkt nayt hat bk detecaktl Bow ftoequency
conponents. To the read channel having | ow band cutoff characteristic, the
second sync markhéstheobbénatpealfybéCAlusehatshbit rpatfierd msinlgeri es of
"Cs" and "1s" 20 that are in accordance with the NRZ (non-return to zero)
rul e. Thedbase-frae bheseharantenichécread thanf¥R etrmbhtsthat ihe second
sync mark that has fixed anplitude, is alnost maximal at the end part of

t he second syncuﬁﬁﬁkﬁslﬁéﬁrBQBﬁy, tRerpaséafilfecfs T4 f s6€ geRsi §BS-for some
time in the user d?ta, whi ch_follows the_second syn and which is a

k
random bi t pat tAPRID- KORBT PHOLAGAE10RN4 0540806 o aFf SBE CAREE SBYC he

second sync mark r.so tine

i f di dri h f
per pendi cul ar ﬁﬁﬁgg{?%S%égoaaFﬁﬁggebnggqﬁgﬁggéF #ﬁildﬁéﬁ%abﬁsgoﬁg; ?;?F to

e second sync RBFRC BRPERCGONRRRYCEMFE | WENTI ON I acoor dance wi th an

embodi meqy of the presenhdl Beat indt haik 1S RLAVisledaa diskpdrive that 10

i ncl udes neans for recording sync marks that can be detected at hig

probability andsdessdngintnaheasest het8etay,r ahe il rkepuaduciuag it heeuser
data that follows the sync marks. The disk drive conprises: a disk-shaped

recording 15 nedbut haxiybl:dat Bisegt 06Sceashdbavidngrachebsk symemairk
region, a second sync-nmark region and a data region; a nagnetic head which
wites data in eatbtddt dasect ofhef filketddsakashapediteaoidi ng rreditum
sync-mark generating neans for generating a bit pattern of 20 a first sync
mar k for detectdagodeieadhehevwarhndacasseyt othandga biorrpattienn of a second
sync mark, which is different fromthe bit pattern of the first sync nmark

t he secohd syncPrefrRsSRatha§ Hsbst tpat E€Endafel-uding a series of bits

representing positive 25 polarity and a series of bits representing
negative polarity, the BEARESIP WS @OOVRNI the $8CoRGe s ¥rafaHe 16t her,

having a bit 'eGEEQ & g% %gea%ikg%sgygg~mggk cannot be detected,

mainly because of thermal asperity (TA). In view of
this, the second sync mark should have such a bit

20 pattern that it may be detected at high probability in
spite of the thermal asperity.

The second sync mark used in the conventional
disk drive that performs longitudinal magnetic
recording usually has a bit pattern that is a series

25 of “0s” and “1s” arranged in accordance with the NRZ
(non-return to zero) rule. In the longitudinal

magnetic recording, any signal to be reproduced,
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- 6 the total bit length of the second sync mark, not exceeding an upper
limt set in accordance with a tolerant rate of error in reproducing data
fromthe data region; and witing neans for supplying a data 5 signal to
the magnetic head, the data signal including the first sync mark and second
sync mark whi ch have been generated by the sync-mark generating neans.

BRI EF DESCRI PTI ON OF THE SEVERAL VI EWS .OF gJTHE- DRAW NG The accompanyi ng
drawi ngs, which are incorporated 10 in and constitute a part of the
specification, illustrate enbodi nents of the invention, and together wth

the general desgriphi@5r E¥EBnAROVE 3AEnt Aepdet ghled HesaBLPELARLEhtT he
enbodi nents given below, serve to explain the principles of the invention.

15 FIG 1 is a bherkediiagaam shawhagdl hepanjoc-eeapeaents of a disk drive
according to a first enmbodinent of this invention; FIGS. 2A and 2B are a

diagramillustrati ngvhba datambhor eBpekatyt Heajatiavedeober,s tepbaged i n the
first 20 enbodinent; FIGS. 3A to 3F are a diagramrepresenting the bit
pattern of the kiEcenflosysatgnaik rbprodscededhifitsheaki ist cenfiddingentin FI G
4 is a graph explaining a bit pattern 25 desirable for the second sync mark
that is uUsed i nthéeaftrstAenbodemaht; EnESsispaandepBodreed dhapoem
depicting a first _.~ _nodification of the bit pattern for the second
sync mark; Fl GSineanahdteBear Beaydlaljpah SRofRrR§cacBesR8  nodi F1€ati on of
the bit pattern for the second sync 5 mark; FIGS. 7A and 7B are a di agram
depi cting a thi8tRBEIPRcaAti ORtBF t RBeHPECPREt 8¥RC BATENh SsBEERd sync nark;

FIG 8 i bl k di ing th | 10 t f disk d
G e 2ok gl aotam shonng. he, 1 o 40, componct s gf sk drive
G agram " eprognli 0 LE DL eBRLLCREScLarntle sefend syne mark LAl |

other bi{,patterns fghxi?gﬁ?ggfggp%%@ﬁcggréyg%%% 5 sesed i theg ot her

enbodi mrent of the inve i's a di agram of the pre-coder

used in the othet,regbadi pEPbeRfiERL8ri A¥EALESR: rakErddnk! Easld howa bl ock
di agram of the pre-coder used in the othér enbodi nent of the present

invention: DETAFLER.OESGREERHbSNLE ThEt! MYENILON Enbodicoripbsedft .t hi s
invention will be descri bed,

Thus, any signal reproduced undergoes a base-line
shift that is called “low-band cutoff strain” when -

15 the read channel has such a transfer characteristic
that it cuts off low-frequency components.

To the read channel having low-band cutoff
characteristic, the second sync mark is problematical,
because its bit pattern is a series of “0s” and “1s”

20 that are in accordance with the NRZ (non-return ta
zero) rule. The base-line offset, which the read
channel exhibits for the second sync mark that has
fixed amplitude, is almost maximal at the end part of
the second sync mark. Inevitably, the base-line

25 offset persists for some time in the user data, which
follows the second sync mark and which is a random bit

pattern.



 Wth reference to the acconpanying drawings. 25 FIG 1 is a bl ock diagram
showi ng the maj or conponents of a disk drive according to a first
enbodi ment of the invention. - g _ (Configuration of the Disk Drive) The
di sk drive according to the enbodi nent is a perpendi cul ar nagnetic
recording device. As FIG 1 shows, it conprises a disk 1, a spindle notor
(SPM 5 12, a head 10, a drive nechani sim mnd-a control/ signal-processing
circuit system The disk 1 exhibits nagnetic anisotropy perpendicular to
its surfaces. The SPM 12 rotates the disk 1. The head 10 includes a wite

head and a read headr,Thgoweit enbeadseanih@ perkarmoperpendicwhar magnetic
recordi ng. The read head conprises a giant magnetoresistive (GW) el enent.

The actuator _hobééoflbes?ﬁ@dmégka@drﬁmgeé tbe bead tOmeven bhg disk 1 in a
radial direction thereof. The actuator conprises an arm 1l and a voi ce coi

15 notor (VCM d4dBivdhehatnpiifbehdsptbhpehdadul@randgnetivdescarsiisgensi on.
The VCM 13 generates a drive force. The actuator noves the head 10 to a
target positionCoueeqtbetdivskthe(tdhak bsiveomayt drgét tor dekeotr the di sk 1),
as it is servo-controlled by a 20 m croprocessor (CPU) 43. The

control / shgnal - pioeessergraeilr buts sfstbm nasradnsad amplchf iamegiipsgilty 20, a
read/ wite (RF'W channel 30, a hard-disk controller (HDC) 41, the CPU 43, a
menory 44, and ac#beur tHei vecond. sYRe matkr 25 driver 14 supplies a drive

current to the VCM 13 and the SPM 12. The HDC 41 serves as interface
between the disk 1 i - 9 B&lEFe SHNYPRh&Et T8I PN a personal

conputer or a digital _apparatus). It can transfer the ta read framthe
disk 1 (hereinafter rofé&FFEFEHCEs ™ a&ndff“g’o)d'lgﬁ(ﬁlr{t ﬁ?&g}ea REYé witten

I Che di sk 1 ShDERPLOAT Snorel oLy BYotaaRh LiLe daLa) allie HOC 41

i ncorporates an~error=cofrecting Ci can therefore

et o T nfonet ol 8e5eidEl Scpubabed o my eyt ke chemtel 30 has
detected at high probability and does not increase the
error rate in reproducing the user data that follows
the sync marks.
The disk drive comprises: a disk-shaped recording

15 medium having data sectors each having a first sync-
mark region, a second sync-mark region and a data
region; a magnetic head which writes data in each data
sector of the disk-shaped recording medium; sync-mark
generating means for generating a bit pattern of

20 a first sync mark for detecting a head of each data
sector and a bit pattern of a second sync mark, which
is different from the bit pattern of the first sync
mark, the second sync mark having a bit pattern
including a series of bits representing positive

25 polarity and a series of bits representing negative
polarity, the series of bits, which is longer than

the other, having a bit length that is at least 50% of
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10 read data. The CPU 43 is the main control conponent of the disk drive.
In other words, the nmain el enent of the servo system servo-controls the
actuator, ultimately noving the head 10 to a target track. The CPU 43 15
controls the seek operation and tracking of the head 10 in accordance with
the servo data generated by the servo denodulating circuit 40 that is
provided in the read/ wite channel 30. Mg specifically, the CPU 43
controls the control voltage applied to the VCMdriver 20 14B that is
incorporated in the notor driver 14. Having its input voltage so

control I ed, thet¥EMdehyepitdhodriyes randeCcaBbbabs sibhe MEMI3nek the
actuator. The nenory 44 includes’a RAM a ROM and a fl ash EEPROM It stores

prograns for coakeekhing bheupBbrd3iRbtagdtvani aesoeaahcel wddhaal tems. The
notor driver 14 has an SPMdriver 14A in addition to the VCMdriver 14B.

The SPM driver td4AcdahvesatbeocfPbridr in- ré@rodeihegadaanmplfirbmethei rcuit 20
has a wite anplifier 21 and a read anplifier 22. The wite anplifier 21
converts wite data ragdoa;rendrdirngicgr means Woirckupeelwippl eedatta t he
wite head. 5 The read anplifier 22 anplifies any signal that the read head
has read $ron1tﬁégdaéktm.thﬁemgggﬁéﬁcfgggdanﬁhﬁfﬁ@@ai§i§@@élﬁ@@lvdiﬂﬁe
read/ wite channel 30. The signal the read head has read corresponds to the
data (i.e., synEhfafksshngvoseragit andr eesraed sivect Rerko waiisk Lapg t he
wite head that_perforns perpendi cul ar nmagnetic recording. The read/wite
channel 30 has PGE"sHBRERERREN &Y Fhe sypeadackadsderatd i ME& Shannel . The

dat L}SE‘C}FQEQ “E@hﬁ@?tyﬂﬁfigéﬁfffﬂaﬁ?@e{xﬁéﬁﬁgfﬁgﬁﬂaﬁoﬂﬁ#g? ?Es”@ﬁﬁ'cww? "
hodul &t ng! demodal at T8 SCrRurerSe Eh PRt S Faerneziiﬁiﬁah;mreaqt “hL)
Q, N. (That is,

encodi ng{ gecodi ng_Bracess 20 takea pradet eimiced wadiing datiy
0 t

i
the circurt 39 encodes M it user data into N-bi ata that 1's to be
recorded.) As “ﬁhhu@%rg%écéhB%@ih%h%%1o&h%h%YH%v%%&Ko&Qn%ﬁﬁing%&h&&ﬂerates

two bit patterns (colums of 25 bits) that accords with the data format of
every with the general description given above and the

detailed description of the embodiments given below,

serve to explain the principles of the invention.

15 FIG. 1 is a block diagram showing the major
components of a disk drive according to a first
embodiment of this invention;

FIGS. 2A and 2B are a diagram illustrating the
data format for the data sectors employed in the first

20 . embodiment;

FIGS. 3A to 3F are a diagram representing the bit
pattern of the second sync mark that is used in the
first embodiment;

FIG. 4 is a graph explaining a bit pattern

25 desirable for the second sync mark that is used in

the first embodiment:

FIGS. 5A and 5B are a diagram depicting a first
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sector provided on the disk 1. The bit patterns correspond to a first sync
mark and a second sync - 11 mark. Thesa bit patterns will be added to
the user data that is to be witten after nodul ated by the

dat a- nodul ati ng/ denodul ating circuit 39 (see FIG 2). The read channel

i ncludes a high-pass filter 5 (HPF) 31, an auto gain-control (AGQ
anplifier 32, a lowpass filter (LPF) 33, 7an-anal og-to-digital (A/ D
converter 34, a digital finite inpulse-response (FIR) filter 35, a viterb
detector 36, a sync mark detector 37, and the servo denodulating circuit
40. 10 The HPF gqshi&d€soh her Akc apptipheted? apd the Eeadnamsihtier 22
(provided in the head anplifier circuit 20) froma DC bias, thus achieving
AC coupling. Thea¥C anplifier 32 is an anplifier that controls itself to
anplify any signal reproduced from15 the disk 1 to a desired constant
anpl i tude. The LPF 3BIGS.a6hi bhdr 6Bhater endiegremi seowsfingny Beegoency

hi gher than those within a prescribed band. The A/D converter 34 converts
an anal og si gnahodipiosiuted 6fobhehkitli shtiernofardihet akcongnavnc20 The
digital FIRfilter 35 perfornms equalization on the digital signal,
impartingto thrarkignal a waveform of perpartial response (PR type, so
that the signal may becone_fit for_perpendi cul ar magneti ¢ recorghn of , for
exanpl e, PR3 scheme. F38SThéAvRPer BB 8&Eeft Br 29628 fEPLS RS Peldridld bit s,

using a viterbi_algorithmthat |s so.described to decode the digital signal
havi ng t he desim%ﬁggkfaplinﬁ% #ﬁ@egbgnPFﬁ%Srﬁ %PﬁngﬁetﬁﬁFoﬁgss Pfraxi mum
i kel i hood. The s¥gg mar k detector 37 perforns bit-pattern matching,

t her eby detecti%% he first sync mark fromthe bits detected by the viterb

detector 36. 5 The s¥?ﬁéggrgsdgtgggg& 3t 4 ém?%%g%ghgc%h%ﬂgfﬁkﬁst sync marKk

within a preset tine i S 1onger than in-whic I'rst sync mark

shoul d bg, det eCE@%péHQn@QOBEeEL thar Hhevti %chd\ﬂ/ﬂbcfaot heocseegnd sync mark
ed.

shoul d be det ect In this case, the sync mark 10 detector 37 detects the

second sync markpnbydpeehor sEngnt Beibkbn@abahi ng. The servo denodul ati ng
circuit 40 denodul ates the signal reproduced fromthe servo-sector region 2

of the disk 1, thus gegerabhngoadsenvre siigralamsThepzrersentimeitdralbits servo
data has been recorded in the servo sector region 2. (The servo data
conpri ses a cylpateernsdéoantha servodbsyst meghkalthpt is used in the

other embodiment;

15 FIGS. 10A to 10C are diagrams depicting other bit
patterns for the second sync mark that is used in the
other embodiment of the invention;

FIG. 11 is a block diagram of the pre-coder used
in the other embodiment of this invention; and

20 FIG. 12 is a block diagram of the pre-coder used
in the other embodiment of the present invention.:

DETAILED DESCRIPTION OF THE INVENTION
Eﬁbodiments of this invention will be described,
with reference to the accompanying drawings.

25 FIG. 1 is a block diagram showing the major

components of a disk drive according to a first

embodiment of the invention.



i

(Data Format) As FIG 2A shows, the disk 1 has a nunber of data 20 tracks 3
on either surface. The data tracks 3 are concentric to one another. As seen
from 2A, each data track 3 consists of a plurality of data sectors 4. In
the disk drive, the data transferred fromthe host systemis divided into
data bl ocks, which are recorded 25 in the data sectors 4 of the disk 1. The
dat a- nodul ati ng/ denodul ating circuit 39 noglul-ates the user data at a

pr edet er mi ned codi ng - 13 ratio MN, generating Y-bit data. The Y-bit
data is recorded in a data sector 3. As FIG 2B depicts, the Y-bit data
consists of a preanbligoh@Qquakiibst o3yRBMBikklbPiva)first user data item
120, a second sync 5 nark %30, a second user data item 140, ECC data 150,
and a postanbl e 160, Twhi gh s&r gri®it aereddingt ke ehdererbbeyr@ne reproduced.
The first user data item 120 is nodul ated data that consists of X bits. The
second user data ptepeihdficundul abgaedataretoadinkgi devicrsi shs FIGof 1( X-Y)
bits. The ECC data is nodul ated, too. The preanble 100 is ACT that adjusts
the anplitude ofhawyg, sugnabmphaseshe Hésd 10 meapdnflenmmpierddSEMsector, to
a predeterm ne value, or is a signal of a predeterm ned frequency, mhlch IS
used 15 t® achi é2e albeadsﬁﬁ@hﬁodﬁzaﬁl@ﬁchﬁnﬂﬁ@rpﬁ®€e§sC@Pt&@éddlng dat a.
The first user data item 120 i s nodul ated data havin b|t en t% whi ch
is Ntimes as gFéapaispPrREeEsiNte f3ER Lo YSEE8d wWitds! Fﬁeée@ﬁ%& & Sync

Mar k and Dat a VVItlng 20 How sync narksgﬁé itten.in thefpresent

enbodi nent wi | | MBENE ﬁFa?ﬁé&Ot\ﬁOﬁPH PEFEFBNEE SrFF@Slt?Astu& 3E%5d FIG 4,
as well as FIG and_ Fl A and .t mAII ri W sync
marks are detec?é& gg ﬂggfﬁ aficsk & éﬁ'yé ki&e ead gf%kcggg§$§o
control (i.e., the_posi in o the data
track 3 that is® A&t gré a% a%dif'g?gﬁgglo the #F% ?ﬁggh%ggilo r eads

S e e A PR gn hoinse lCE
sector 4 contai pgsdh@omprises a giant magnetoresistive (GMR) element.
The actuator holds the head 10 and moves the head 10
over the disk 1 in a radial direction thereof.
The actuator comprises an arm 11 and a voice coil
15 motor (VCM) 13. The arm 11 holds the head 10 and
includes a suspension. The VCM 13 generates a drive
force. The actuator moves the head 10 to a target
position over the disk 1 (that is, to a target track
on the disk 1), as it is servo-controlled by a
20 microprocessor (CPU) 43.
The control/signal-processing circuit system
has a head amplifier circuit 20, a read/write (R/W)
channel 30, a hard-disk controller (HDC) 41, the CPU
43, a memory 44, and a motor driver 14. The motor
25 driver 14 supplies a drive current to the VCM 13 and
the SPM 12.

The HDC 41 serves as interface between the disk
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5 first sync mark 110 and the second sync mark 130, as well as the user
data itens 120 and 140. In the data-readi ng operation, the

dat anodul ati ng/ denmodul ating circuit 39 denodul ates (or decodes) the first
user data item 120 when 10 the sync mark detector 37 detects the first sync
mark 110. When the detector 37 detects the second sync mark 130, the

dat a- nodul ati ng/ denodul ating circuit 39 deyodul ates (or decodes) the second
user data item 140. The sync mark detector 37 then carries out 15 pattern
mat ching on the series of bits output fromthe viterbi detector 36, which

has decoded theydigitahgrepiogucedssé@nad, gandaapeefengnceopptit@atbern of a
sync mark. \Wen the series of bits is found to be identical to the

reference bit patdesisal hepsyrsti®r k 20t dedect pansfepuUthyt Satherdatia
showi ng the result of the pattern matching, to the

dat a- modul at i ngf glenochie adigg Ti (KeréiBQftErometereasubt asf “rhadpattern

mat chi ng, the data-nodul ati ng/ denodul ating circuit 39 determ nes 25 that
the bits that fadtaW tdved|dls¢ dataotothbe synttemr kncbhst diekelt he user data
t hat has been nodul ated. Then, the circuit 39 perforns denodul ates the -
15 nodul@ated Nlpéreimpfoducedfenradi hooat bvriteedatiat' a; i The, HPRe4dl
original data. The sync mark detector 37 determ nes that the sync mark has
been detected, BYePrPerafes prRsebFOrheosrechindsGhECHhEk (EbFm 42paPfern
that is not identical to_the reference bjt atteén. For, i.nstance mhgn
(S-1) bits or (%@@)t}%ﬁﬂf%f%?etﬂ%t%ﬂBiL{lesvhetgrﬁFkt PoTPASNEPEAl SEBPLAS
corresponding bpts of the rg;eregce it g$t§8r t he_detector 37 determ nes
that the sync 18- Mark hakeheerrt 4EEeGhaE Th 55ﬁ8 fraFR T dePéct'8r 37 first

detects the first sYOC LRIKGHQ: nhE LDRLLL! SERSYRBCTRE K HO0CLg Suagesstul Ty

detected, bits are obtained by extracfing the bi corresponding to
the sec sync 130, fromthe series of bits output fromthe
viterbiqggtectOFé%%hE% 2se bits are supplied to the

dat a- nodul ati ng/ denpgylLatbg48i KeUIthe3Raihl cbh@ reYnecmph et @at ahe37 fails
to detect the first sync mark 110, it the second sync mark. 20 The tine in

which the firstgsypcapavk. mynbetHeteqbedsaf tee hhenstaehmenft bEpthduci ng
the data fromthe data sector can be predicted. So can be the tinme in which
t he second syncseavk saytbe detectednthHehsethiet acsudéber, muléedmadeley

i npossible to detect the first sync 25 mark 110, if a tine |onger than the
predi cted tine megingetheohdetletd theaf trzygesytcamkrk The SHGr & than the
predicted tine required to detect the second - 16 sync mark has passed
wi thout Yetectiagnthelsi tbe sgak prekation whe Syackintk odeftde Heasy may
fail to detect the first sync mark 110 and may detect the second sync 5
mark 130 in sucktBsin PECPRA&NFS VAEDCAYE, SERYCISRE 2nTIEICIE YRS Py ating

cLicu 39 demdul elen ths, Seeond user datag tem e chat, ol aue dhe |
2 1 o, o bRl MoThgydape Mcaduating dompilal w6
pel ng 10, whi CHAGOLLESPRAES bAckRE bt des Bppialdh IdePRX Vi Rridér the
20 14B that is incorporated in the motor driver 14.
Having its input voltage so controlled, the VCM driver
14A drives and controls the VCM 13 of the actuator.
The memory 44 includes a RAM, a ROM and a flash
EEPROM. It stores programs for controlling the CPU 43
25 and various control data items. The motor driver 14

has an SPM driver 14A, in addition to the VCM driver

14B. The SPM driver 14A drives the SPM 12.
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dat,a. The conbi nation of this data itemand the 15 denodul ated data is
output to the HDC 41. In the HDC 41, the ECC 42 uses the ECC data 150
contained in the denodul ated data 150 output fromthe

dat a- nodul ati ng/ denodul ating circuit 39. Thus, the ECC 42 perforns error
correction on the data having 20 bit length (X X N)/Mand corresponding to
the first user data item thereby decodingpothe first user data item (bit

| ength: X). The ECC data 150 to be added to the user data is, for exanple,
a RS (Reed- Sol onon) code. The ECC data 25 150 may be an RS code consisting

of GF (210) bits andrgentiahni Bgo8ReECE pedundantodata af w#@taymbol s (400

bits). In this case, at nost 20 synbol (200 bits) can be
corrected. Hencgy ihﬁlgﬁczﬂZaﬁ@nar@éa@biampsd@ﬁ@de bhe firnstwusee data item
110 even if the d%ta item 110, i.e., denpdul ated data having a bit |ength

of (XX N/M ismeliohepusli dohterentwrety, datpr dutded thabrfXnX N)/Mis
equal to or less than 400 ( (X X N /M<_ 400) . (Witing of the Second
Sync Mark) As pointedtpuvheanl iersupbgiédrsd shacwmatk h&é8dmmy not be
detected while the data is being read from 10 the disk 1, due to the
base- i ned of f seTheansad &mpihéierpraddavepdisighabpnpysibaathé&énasl thsperity
(TA). Cenerally, TA takes place when the head 10 contacts the tiny

proj ections (de?@@@s@eéﬁ hpe gpaR fromnkhet dbFY Aeki ABcasSBEEell thaSof f set

of the reproduced 15 signal. The_base-line offset is a s hange of
t he base |ine. ??pb%gﬂﬁ | L5 EBEP%&%QStoaFBﬁgrﬁaéﬁwyét?e5%@§Qﬁ§e&%generaIIy
by an exponenti functlgn unt i ne ,of the re rod gh i gna

becomes 20 a no Syahad. TS Fﬁ@dbggag ﬁﬁé GF3PhEOST §RRPT gﬁa % he
anpl i tude of t2§§§' ?ECChangﬁé magﬁ¥'5ﬁ§|%5e?r58E§ OEegﬁE%FgFHEF%%QP wi Il

| i kely occur. €t 7 onYerr Ors “Rod occur pa ticu int

;:ﬁgéﬁfh%? Cha”a§5k32 pyhtfel §r2P bﬁgéas%Pé@epEEE%Em§y?%r@%h@i%%Qaﬂas a
pattern that the user ata wou not have n view of th it
is desired thatyLhge8€60Pdcording.
The read/write channel 30 has two sub-channels,
i.e., read channel and write channel. The write
channel has a sync mark generator 38 and a data
15 modulator. The data modulator constitutes a data-
modulating/demodulating circuit 39, jointly with
a data demcdulator (later described). The data-
modulating/demodulating circuit 39 carries out a
run-length limited (RLL) encoding/decoding process
20 at a predetermined coding ratio M/N. (That is, the
circuit 39 encodes M-bit user data into N-bit data
that is to be recorded.)
As will be described later, the sync mark
generator 38 generates two bit patterns (columns of
25 bits) that accords with the data format of every

sector provided on the disk 1. The bit patterns

correspond to a first sync mark and a second sync
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- 18 sync mark 130 should have such a bit pattern that the second sync
mark 130 nay be detected with high probability (that is, at mall risk of
detection errors), even if the base |line of the reproducing 5 signal
changes. To be nore specific, the second sync mark 130 shoul d have a
pattern with a long DC-erase region in which only "Gs" or "1s" foll ow one
after another, so that the reproduced signal stays at the sane anplitude 10
for along tine. In other words, the second sync mark 130 shoul d better
have a bit pattern in which bits corresponding to those parts of the disk 1

that are positiyely orrRegatihyel ¥.rrepgLi vedl dbeadhsk €bi ¥vrReaggerding to
this enbodinent is 15 one that perforns perpendi cul ar magnetic recording,

however: Theref@iea enbases! tpepeffiritteanyreesuhbingateancyAches al nost
maxi mal at the end of the region of the second sync mark 130 that is a

si gnal havi ng adgbashentl abphyy ddrodGbaseqyentbynia Basésken®Iaff8et 20 is
present, also in the starting part of. the second user data itemthat
follows the second sYhe maek tB&nnEheisedoddsusehidataaistemil4@ri s one t hat
has an al nost random bit pattern. Hence, it cannot be reliably detected if
the second sync(WBFk 330 amsasbehgabnacbhtrpat AFR)t BAPLlikpairt $2a | ong
DC-erase region to the second sync mark _130. Consequently, errors_nay be
made in detectiaglevreass fligerTNPBFﬂs3@ecéﬁsénﬁﬁ@gréadﬂﬁﬂﬂFélcHéﬁﬁgl 50

for perpendi cul ar magnetic recordi ng has.a, | owband frequency c f
characteri sti c. CThEPEFBFe3%a BagégFgélogﬁgéFeo&QBP SeRT ﬁgogééogEQEan mar k

130 that 5 has a,contipguous sequence .of "Os" qr. "1s." This _baselin ffset
is strain-of Iogﬁggﬁﬁ ?Beqaeﬁégeégﬁoéﬁgﬁﬁggfsg6fh@rgygfepaggpaggﬁgﬁpgThe

di sk drive accordin 0.1 he_prese i t i e second sync
pattern 130 in %qlogaétgﬁgeé gggoggpﬁgﬁgggggg ggfkg%tkg'wwiting of data.
The seco. sync patt I thter h el i abl t ed even
ifoit unggrgoes a ba?gglﬁﬁg gﬁfggggéﬁg &%%%%kﬁggﬁgﬁﬁg?%%B%%r¥¥ﬁ§tgﬁ%Iity of
detecting the secopd e rdat-azbt Er-L4Q debat nf @hlows 245 2@ i¥8eend sync
mark 130. A bit pattern that is desirable for the second sync mark 130 w ||
be described bekoweuktGo04 iEgoa @r aphbhiepRr,esentsi aghtikeringsalct of an
experiment conducted to denonstrate how the second 20 sync mark 130 may

i nfluence the abbliplyngl d#hechingatpédiféeand2uder atatapltidmel4Ghadcor ded
in the region follow ng the region where the second sync mark i s recorded.
In FIG 4, the rattoole) itkeillfie toonspddtfivventy tss gofalt repsaveiaesl drony

(i.e., "Cs" or "1s") to all 25 bits constituting the second sync nark 130
is plottkd on thbexdagksl Aadat Hesbiredecoss tegte amod Utogier t dfderved in
reproduci ng the second user data item140 - 20 is plotted on the y-axis.

The experiment w&dsi€aprifddtoat toAtt FEMRYSHPALGT CHatthd ISPIREHY t ol er abl e
bit-error rate |s -6. evident fromFIG 4, it is sirable for the
second 5 sync llﬁh?ﬁo%?‘é‘nh&glé’sg B’llt%hﬁé’t @epﬁ%%%eéﬁ% ratio of the
consecutive bits of e olarity (4,e€ . .g"_ or "1s" o) its is
at | east 50% but | estsrtp’tehz‘?r%%mﬁeﬁto%/ eslr4 \/\(/:t)drn se,cpct%eénse%gan%oiysn%é#aafr)k 130
shoul d not have [ tern i ¥e e rnafi feikQ it heg secutive bits
of the same pol grgfgﬁhﬁg.@g. %r%d &*wéﬂéﬁlg") t?{) agld%gnll ts is 80%or nore.
Assume that therBist JRRlkenn fafk (e RACHH UG Y ke difl has: cansacuiiye "0
bits (each representing negative polarity) that define a bit length Tm and
15 consecutive glyiRiahis s(@a@h " epRsantiNa Pagiid i gl ard tyavd tedm def i ne a
bit length Tp. The two bit patterns witten in the disk 1 and constituting
t he second syncpeapsri3@lmaesiared heraneydge t dengidt thatsigndp maim
Nanmely, half (50% 20 the. nunber of bits constituting the second sync mark
130 represent poeicomee fidl ddnt yne mrechdim rammagmgt hal fedd034ng hetf nunber of
bits represent negative polarity. This type of a bit pattern is called

"DC bal anced patficer Xample, PR3 scheme.

25 The viterbi detector 36 detects the recorded
bits, using a viterbi algorithm that is so described

to decode the digital signal having the desired PR
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25 Alternatively, the second sync mark 130 may have at |east two bit
patterns having bit lengths Tp and Tm where ~Tp - Tm~ S 10 bits . - 21
Generally, the second sync nmark 130 has a total bit length of 20 bits or
nore. Assune that the second sync mark 130 has a total bit [ength of 20
bits and two bit patterns having bit lengths Tp and Tm where 5 ~Tp - Tm~ =
1 < 10 bits. Then, Tp = 15 and Tm = 5- Thps, -the ratio of the | ongest bit
| ength defined by bits of the sanme polarity to all bits constituting the
second sync mark 130 is 0.75 (= 15/20). This ratio neets the

above- ment i onedy4 Rt FR Bt o thati bhe1remse A8soafnbRenGanseruliMechilts of
the sane polarity to all bits should be at | east 50% but |ess than 85~. It
is desired that the Beeo8gnsynerraskt430osholl dee@bkasnbh@-bat tpaht er ns of
NRZ-recording rule, which are very likely to cause a detection error of 15
the mark 130 i mat@RMgsyshemeby | detbet NRZ- tkeeofidiray syhe, mafk bits and "1"
bits are alternately recorded in the disk 1, each "0" bit representing the
negative pol arifyomntheadehts 1debéctedebyethat vhgerhé gesectoe gélarity.)
More specifically, the second sync pattern 20 130 should not contain a bit
pattern of "101The "gync manlhigdetechap137 mapgipet detegtotbe" fitrsts al so
desired that the second sync mark 130 should contain no bit patterns
cont ai ni ng recof Ve BRr¥E YhERiRepresenttutéredibatol sebengsratrstuitited

with RLL 25 codes. An exanmpl e_of the bit pattern ai the _second sync nmark
150" each sar siiie ThBhEver NERE: SHEd MELkoShORlPeREREC et Aite
described with reference to FIGS, .3A to | GS, 3A represent the
bit pattern con?%?%%%riﬁh?%e %ﬁnglﬁﬁrknlgg?cghgﬁgi e6§8ge§§n Qgggists of
two regions Sl A h ' S1cLS [ by, .Q" <bit.s presenting
negative poIari?@?ugﬁd?%agegggFgafené?htﬁﬁg #ﬁgefegP%nsg%Eiggggfined by "1"
bits (repsesentjngdePEsttsyeqpelarkt ¥healdcBaa ayhkt mheRgbly E@rf@%&&n@hat
the bit Tengths Tmand Tp 10 are equal (Tm = pr. As FI G "3A shows, the
first region A egfcthersesesdigync mark 130, which has a bit length L of 1,

is a region which does not forma bit pattern such as "101" or "010." If
the last bit K of theghti Eskvuseemdaudatanigt eirt?@ti 90" Hemooivd atE's Mitte i S
recorded in the first region A This is because a pattern of "201" wll be

formed if a "0"shybalsreproddeddi irbhether servegsentAr Ikgtiba RRastt bit K of
the first user data item 120 20 is "1," on.e "0" bit nay be recorded in the
first region A Bleidiakttatedubngphera8bngThi seryopedqgned. The servo

15 signal is servo data has been recorded in the servo-
sector region 2. (The servo data comprises a cylinder
code and a servo-burst signal.)

(Data Format)
As FIG. 2A shows, the disk 1 has a number of data

20 tracks 3 on either surface. The data tracks 3 are
concentric to one another. As seen from 2A, each data
track 3 consists of a plurality of data sectors 4.

In the disk drive, the data transferred from the host
system 1s divided into data blocks, which are recorded

25 in thé data sectors 4 of the disk 1.

The data-modulating/demodulating circuit 39

modulates the user data at a predetermined coding



a pattern of "010" will be fornmed if a "1" bit is recorded in the first
region A. Thus, the bit pattern of the second sync mark 25 130 changes as
shown in FIG 3A and FIG 3D, depending on the value of the last bit K of
the first user data item 120. Nonetheless, the bit in the first - 23
region A of the second sync mark 130 is not used in the bit-pattern

mat ching perforned in the sync mark detectig@r 37. The user data and the ECC
data are nodulated 5 with RLL codes. The maximumrun length in the

NRZI -recording rule is 10 bits. That is, the nunber of consecutive bits

representing th@a@ﬁ@ﬁﬂﬂ@)a%éﬁéré@?#debﬁiﬁonEales@he'?fﬁhﬁ Qhtapattern of
the second sync mark 130, 10 the regions S1 and S2 consist of 11 bits each.

The bit patternr@fotded seeoaddsyacs8atkr130 cagtrios PRI d8eictBe bhe
pattern of the user data nor the bit pattern of the ECC data. Note that the
user data and ECD datdatbaveobheest sodfl at pdesmbhe RLOOcodesfirdbd EVGS. 5A and
5B depict a first nodification of the bit pattern for the second sync nark.
FI GS. 6A and 6Buzshlowsl @, secHhhdshodsércdatanioémt heOpi & patordnsYREGS. 7A
and 7B depicts a third nodification of the bit pattern. 20 The two bit
patterns Df Fl @asa hdd, 58 aeeondffeeendatpohfehoselof EFFGlaBA 4RA/3D in
that the region 51 is defined by "1" bits and the region S2 is defined by
"0" bits. HowevaRd @h@O%t@mbéﬁg¥ﬁ0prb+CPher¢imgﬂt%@gﬁénlslthg e§d8F to the
bit length Tmof 25 the region S2. That is, "1" bits are recor i.n the
regi on Si, eacht?%%r%E%n??ﬁﬁogﬂﬁeﬁosi?P@e%bBFErPﬁﬁF ﬁﬁﬁa"égeﬁiggg 18 24

2L o0 Bed, Lyl iE\EROT, B7, ERENCERLETEL e Lhe O e IRAr 1Y,
regions Sl user data item 140 modulates data, too, which consists
10 of (X-Y) bits. The ECC data is modulated, too.

The preamble 100 is ACT that adjusts the
amplitude of any signal that the head 10 reads from
the data sector, to a predetermine value, or is
a signal of a predetermined frequency, which is used

15 to achieve clock synchronization in the process of
decoding data. The first user data item 120 is
modulated data having a bit length X, which is N times
as great as the bit length N of coded words.

(Detection of Sync Mark and Data Writing)

20 How sync marks are written in the present
embodiment will be explained, with reference to
FIGS. 3A to 3F and FIG. 4, as well as FIG. 1 and
FIGS. 2A and 2B. It will first be described how sync
marks are detected.

25 In the disk drive, the CPU 43 performs a servo
control (i.e., the positioning of the head), moving

the head 10 to the data track 3 that is the target
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and S2. 5 The bit pattern of FIG 5A has one "1" bit in the first region A
because the last bit Kof the first user data item 120 is "1." By contrast,
the bit pattern of FIG 5B has one "0" bit in the first region A because
the last bit K of the first user data item 10 120 is "0." The bit patterns
of FIGS. 6A and 6B are characterized in that the regions S1 and S2 differ
in ternms of bit length. More precisely, the region S1 defined by "0" bits
has a bit length Tmshorter than 15 the bit length Tp of the region R2.
That is, Tm< Tp. Note that ~Tp - Tm- = 1 <_ 10 bits . Thus, "0" bits

(representing negati vigr palarity) are fecorded 1M thgas e&toﬁr%es“@h‘é&
therefore has a bit length Tm And "1" bits (representing positive 20

polarity) are rgcoidegrdm the d@ﬁaogeéeorwm!QﬂCL@@é@fpﬁetHQSdata!t | engt h
Tp. Hence, the second sync mark 130 has a bit pattern that contains these

regi ons Sl and $ZacKH®. biTthpaddes nredid Fifomb6bhbadabaesédtobi t on the 25
first region A because the last bit K of the first user data item 120 is
"1." By contrasdagtd heo bh¢ yatteem of Eh& dé&Bahascbor 40&obtéina the first
regi on - 25 A Dbecause the last bit K of the first user data item 120 is
"0." The Dit pafiesthssyic @Sk VIO amud 78heonscsndosynegions A3051asS2, S3
and S4 each. The region A has 5 a bit length L. The regions S1 and S3~are
defined by "0" w#lk ahdthavesertdeengt hemTmil2@nandnP40r espectivel y. The
regions S2 and $4 are deflned by "1" bits and have b|t Iengths Tpl and Tp2,
respectively. Note thatt quat?ﬁFeadingTﬁE§éaFé@Pon§ ¢0dALas1, S2, S3 and
S5 constitute the e second syn The b|t pattern
of FIG 7 has Brtlastis{ Sinodus Wgt%a%ﬁ G BEBATLeaERS | ast bt K of

the first user mJ20.js 24,2 he he nd,, ~t it 15 pattern
of FIG 7B has gne %ﬁo ? th%h |rs %Egd%% Aﬁt %cgageaﬁﬁg Iast bit K of

the firsfuser ﬁ%%@@%@ﬁ b§raftor| 87SHITBLYS PRORALORT ¥ randampat tern

is WW|tten as firs ync mark and brt pattern that nee

requirement showyin jh& dhbSquebitsp 8% é@E@EgsS)éH@ g@&lﬁnéi’*@yn\ﬁ’ﬂen dat a
is witten in the sector format shown in FIG 2B. The second sync mark | 30

contains a bit patterson faéfq488% 0eh14hisl/bendehilnednby ceersgeusiove 0"
bits 25 that represent the negative polarity, and remaining half (50% of

which is defi negettydebasesutor¥ededddbst sthbaketondensst theapaset ve
polarity. 140. The sync mark detector 37 then carries out
15 pattern matching on the series of bits output from the
viterbi detector 36, which has decoded the digital
reproduced signal, and a reference bit pattern of
a sync mark. When the series of bits is found to be
identical to the reference bit pattern, the sync mark
20 detector 37 outputs the data showing the result of the
pattern matching, to the data-modulating/demodulating
circuit 39.
From the result of the pattern matching, the
data-modulating/demodulating circuit 39 determines
25 that the bits that follow the last bit of the sync

mark constitute the user data that has been modulated.

Then, the circuit 39 performs demodulates the
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- 26 The bit defining the region A i.e., the first region of the second
sync mark 130, is "0" or "1" in accordance with the value of the last bit
of the first user data | 20. Thus, the second sync mark 130 does 5 not
contain a bit pattern of "101," "010," "1010," "0101," "10101" or "01010,"
which is very likely to cause a detection error of the mark 130. In the

di sk drive according to the present enbodiment, which perforns

per pendi cul ar magnetic 10 recording, the second sync nark 130 can be
detected at high probability even if the second sync pattern 130 under goes
a base-line of fgghy,carsgdyby; TAwBLLautbe data kscheing;teadelr omrhe di sk
1. This reduces the bit-error rate in reproducing the second user data 15
item 140. (Anot hege, Fnbpdi senginkl Gia8a .FIGS. 9A to 9C, FIGS. 10A to 10C,
FIGS. 11 and FIG 12 illustrates another enbodi ments of the present
invention. 20 FIG 8The ayhtoakrdi dgramtskoBingetthemimjesr tpatents of a
di sk drive according to the other enbodi nent of the invention. As FIG 8
shows, this di skydci merhabaa peencddercidédandvanpast addderd tE2ofThée
pre-coder 71 and the post-coder 72 are 25 incorporated in the wite channel
and the read ch8@nhét, syespeerkvébym Fhpstdesk drite iissnodendiesdlicad t he
disk drive of FIG 1, in _any other respects. - 27 The conponents
identical to thésetbf rRécgpBRedPiVePah6®HN-n EPG 1nsipacesigedt ed at the
sane reference nuneral s, and will not be described. As FIG 11 depicts, the
pre-coder 71 had$Sah! 5PekE| 0&i ve~OR Baté ?fotardSrRdt1synC Heirdy di%enment s
711 and 712. The rg1cogeg 71 is a circuit  that -has th tra%%fer
characteristic RQEP $Efite Ob%hFrﬁﬂ§F8?pBBFﬁﬁg ditSopfifpe. rgFergRag g 12
shows, the post-c¢oder, 72 has, two 1.-bit 10.delay elenents,720.and 721 and an
excl usive OR ga?g97§§tz?ﬁg’pBéF-gSESF%? Pg e%FF@ﬁPFSt g@' ggm%ﬁ%”¥}ansfer

characteypstic pg kegggtggegydéﬁgg§gg( polynomal of 1 - D2. In the
[ 7 , -

readIMW|te channe ( shown Fli t he 15 user data is wwipten_in t he
disk 1 as follows. FTh%tsthemQ%kad%Q@@ﬁ®H'ﬂW(¥¥P§¥“dgﬂéHt§”HHé“t 39

nodul ates the user data and the ECC data added to the data, with RLL codes

that have a codingseakifc(MaNk. 1hNext, rehéhe first sync mark 100 is
successfully detected, bits that are obtained by‘
extracting the bits corresponding to the second sync

15 mark 130, from the series of bits output from the

- viterbi detector 36. These bits are supplied to the
data-modulating/demodulating circuit 39.
If the sync mark detector 37 fails to detect
the first sync mark 110, it the second sync mark.

20 The time in which the first sync mérk may be detected
after the start of reproducing the data from the data
sector can be predicted. So can be the time in which
the second sync mark may be detected. Hence, it is
determined to be impossible to detect the first sync

25 mark 110, if a time longer than the predicted time
required to detect the first sync mark and shorter

than the predicted time required to detect the second



pre-coder 71 nodul ates the user data and the ECC data. 20 Then, the head 10
records the data output from in the disk 1. To read data fromthe disk 1
the viterbi detector 36 detects the series of data bits. The post-coder 72
denodul ates the series of bits, which is 25 sent to the

dat a- nodul ati ng/ denodul ating circuit 39. The circuit 39 denodul ates the
series of bits. In the other enbodi nent, tilge second sync mark - 28 130
has a bit pattern designed to be nodul ated by the pre-coder 71. That is,
the bit pattern of the second sync mark 130 is identical to the bit pattern

derodul ated by thecpRstxengsdghsééd witRolileqatberiggbedemeatsct @9nct he
second sync mark 130 has a bit pattern that can be réliably detected even

if the second synaekmai&.130 undergoes a base-line offset caused by TA This
bit pattern would not |ower the ability of detecting the second user 10
data item 140 that fOhkowgnthaas&cdedesyne 3ar kal3Faibre pleeictelthe t he
rati o of the consecutive bits of the sane polarity (positive or negative)
to all bits is 5096tosgs8 markhidObatdpanyedrteEur ther sethedseyord sync
mark 130 contains at |east one bit pattern 15 that consists of a region
having a bit | engrk IpOahd aecraed.byléofbasuisvéhelcabetsthepdesenting the
positive polarity and a region having a bit |length Tm and defi ned by
consecuti ve "0"m%ﬁ?éaFéBGégéﬁPﬁHéaFh@gnéééﬁpéé 38I§PWPQPl@ﬁéﬁetb$p - Tme =

1 10 bi 20 Mo d 0 bit

pa?terns BESNRZS?€8%$8¥%érrGF I ggh13%2%9%$y§Pii8W§OEgatgé§g%§ éé@ébtlon
f th k 3 RML di | "0"

oo of the e Fin ayba sislem, (il ieg s dng e, 0
t th | " t

o ive porari TotR9PhakonRE! ALY BAERCHS AV %??%re LT

g ety gl 6 o el
recorded bits rgayeagnh bhg wsgptHab, 0k cECexdabaenodul at ed) yrf haRLL codes.
bits being “0,” which corresponds to the first user
data item (X bits), to the head of the demodulated
data. The combination of this data item and the
15 demodulated data is output to the HDC 41.

In the HDC 41, the ECC 42 uses the ECC data 150
contained in the demodulated data 150 output from the
data-modulating/demodulating circuit 39. Thus, the
ECC 42 performs error correction on the data having

20 bit length (X X N)/M and corresponding to the first
user data item, thereby decoding the first user data
item (bit length: X).

The ECC data 150 to be added to the user data is,

for example, a RS (Reed-Solomon) code. The ECC data
25 150 may be an RS code consisting of GF (210) bits

and containing an ECC redundant data of 40 symbols

(400 bits). In this case, at most 20 symbols



5 FIGS. 9A to 9C are diagramrepresenting bit patterns for the second sync
mark 130 that is used in the other enbodinment. FIG 9A shows the bit
pattern that the second sync nmark 130 has if the last bit of the first user
10 data 120 recorded between the first sync mark 110 and the second sync
mark 130 is "1." The bit pattern contains a pattern that consists of two
regions S1 and S2. The region Sl is definedg by consecutive "0" bits
(representing negative polarity). The region S2 is 15 defined by
consecutive "1" bits (representing positive polarity). The regions S1 and

S2 have bit |engpbg Eptgrdclm pEeEReELEYRLY. HBR-RBIt thengkhs43p.and Tm are
equal (i.e., Tp = Tnm. FIG 9B shows the bit pattern that the second 20

sync mark 130 hasiiéplpedbastebtheofitbe fikkst qHsar idaha1130ckegonded
between the first sync mark 110 and the second sync mark 130 is "0." This
bit pattern is theetseatdtelelbd) patter desbowlaktadFbi&ta9haviVagelky biitt
contains a pattern that consists of two regions S1 25 and S2. The region Sl
is defined by cbesgthtofe(X1X WitAI( represemengs pusi ttveepbiaeiyy). The
region S2 is defined by consecutive "0" bits (representing - 30 negative
polarity)? As desevi@ed bbatve (Kn>cohjMicis$ oemquathteherfless thbodifent, the
first region A of the second sync mark 130, which has a bit length L of 1,
is a region whi €RX57%dd0s' Mot 4Ht)m a bit pattern such as "101" or "010." |If
the last bit K of the first user data item120 is "1," one "1" bit is
recorded in the firstWré§iBA AL FhesSpsopecayde ¥agdltern of "101" will be

formed if a "0" bit (s reco%dgg in theltirsttéggion A 10 If the last bit K
of the first user daf'fi PPEREEI0CRs eGrtigGhe L6 il sits SYECorEEE i he

first region A _This s, ke pattern.of "0L0Q0" .will .be forned. if a "1"
bit is recordedm?g Sﬁe ??r§?%§§5?8n%§} ?theiga%ﬁylg 64ngifeﬁg %ggg}ded in

the firsioregiOehé'dééklﬂ,tah%i@HbeHEUBQEe—H@%eS%%%S r%a%%%@@%ﬁ? 37

performs the bit-pattern matching, using the series of bits output fromthe
post-coder 72. JRhe Ebﬁ§éd9béd'Qibﬂglfb&skhéeﬂh%@méloﬁsb@%i%%CQ@ijSynC mar k

130 changes when it is output fromthe post-coder 72, in 20 accordance with

the bit that theeneterbi, deheebRes3p1has dekactad head tilhe cbintsictéser data
item 120. In other words, the first bit in the region Ais changeable (X

Hence, the firsthbitihp phejeegionsA(dafaetsysed ithet desh - pattern

mat ching carried out to 25 detect the second sync mark 130. FIGS. 10A to
10C are a di agranediepeblyngabktihgr abbtspafiieensfifeett b sbeomdrsyamiawt k 130
that is used - 31 in the other enbodinent of the invention. In these bit
patternslSthe regpoas-S1 and S2 have bit lengths L1 and L2, where ~L1-L2~ =

1.
The base-line offset is a stepwise change of the

base line. It gradually decreases, along a curve
represented generally by an exponential function,
until the base line of the reproduced signal becomes

20 a normal value. As the base line of the signal
changes, the amplitude of the signal changes.
Inevitably, errors of data detection will likely
occur. Data-detection errors would occur,
particularly in the read/write channel 30. This is

25 because the first sync mark 110 has a random bit
pattern that the user data would not have.

In view of this, it 1s desired that the second



Both enbodi nents descri bed above are disk 5 drives that perform

per pendi cul ar magnetic recording. They can reduce the adverse influence on
t he decoding of the data that imediately foll ows the second sync mark,
thus achieving a low error rate in the data decoding. 10 In addition, the
second sync mark can be reliably and correctly detected in both

enbodi nents. This decreases the nunber -of 1dat a- decoding retrials, which can
hel ps to enhance the data throughput. In sumary, the present invention can
provide 15 a disk drive that can detect sync marks at high probability and
does not increasgnth@agkr 0807 3h8uld hEPEOLUEhNE bhe Haetedat aphpat fol l ows
the sync marks. Additional advantages and nodifications wll readily occur
to those skillethénsébenarsyndhgaekoreo A8yt e HB¥YeRtkanwifni hgghr oader
aspects is not limted to. the specific details and representative

enbodi nent s shopnolaadidesgr i(bedthései at Aator divgl y£f dateausonodi fications
may be made without departing fromthe spirit or scope of the general

i nventive conceptrass?p deénnef bhet hesappéndedfckhensepnddtubénty

equi val ent s. - 32 WAT IS CLAIMED IS: 1. A disk drive conprising: a

di sk- shaped recdtdgnay aeangAfhavi ng data sectors each having a first
sync-mark region, a second 5 sync-mark region and a data region; a magnetic
head which wites datfq PR BER gResiSé€r orhef serendi sknshaged A8for di ng
medi um sync- mar k erating neaps for generating a bit pattern of a first
sync mark for d%?%gfgnéagehgaaaggeiﬁ Eégﬁ Bat A"gebtoFrang &BiPpaftern of
a second sync rk,,.which (s diffegent, tr the bit pattern _of the first
sync mark, theng%%ggdog ¥e gﬁrkoﬁav'ﬁg EOEE%WpBPFe?E FhcPOAERGTa S8ries of

b_ . . . . H f H ; 1
negati ve pol ari PorCrEhb KEpRONBLLLY s 0HAE, SEELESAS| cRE' BRREPRABTILLAN 1°
having a ®it |e@&%hatbéﬁgiﬁﬁﬁé.le?ﬁtoéggro&oEag,tﬁhglSQEBnBegghg Akrihe

second sync nmark, not exceeding an upper limt Set I'n accordance wth a

tolerant rate ofzergmeuid reptedushdg dabacf pamthe 20 datanregian; and
witing nmeans for supplying a data signal to the magnetic head, the data

signal includingothesponaingyne thokeapdrsecemdtiynaigrrk whAkghakave been
generated by the sync-mark generating neans. 25 2. The di sk drive according
to claiml1, whepeshtihelgeoresegbhtbiredy mhpnhtigedonger than the ot her, has
a bit length that is at |east 500 but |ess than - 33 850 of the total

bit length of the se€baddégkcdmavk. a8coThéndi sk dhiive eabodidieng tie cl ai m 1,
wherein the bit length of the Ionger series of bits is at |east 50% and
the uppekd1inm to¢ EhetbPerferyshrsrrpefdéctilps aponestcabegpr8d0gef t he
upper limt set _in accordance with the tolerant rate of error. 4. The disk
drive accordi ng®?¥e¥fEr m 1hehREPERN BhB2BRTLLBRgPATof 1EnBNYORgSR L§dNdes of

DLLS | 20 hoaskrafacnds! IEHRPeL ALY oF e LG Lenath 10.Lhereds 1o
of error. the second sync mark 130 that is a signal having a
constant amplitude. Consequently, a base-line offset
.20 is present, also in the starting part of .the second
user data item that follows the second sync mark 130.
The second user data item 140 is one that has
an almost random bit pattern. Hence, it cannot be
reliably detected if the second sync mark 130 has such
25 a bit pattern that imparts a long DC-erase region to

the second sync mark 130. Consequently, errors may be

made in detecting bits.



5. The disk drive according to claim1, wherein the data region includes a
first data region and a second data region, and the second sync mark
follows 15 the first data region and precedes the second data region, the
first data region preceding the first sync mark. 6. The disk drive
according to claim1l, wherein the bit pattern of the second sync mark
includes at 20 | east one pattern which_copsists of a first series of bits,
having a bit length Tp, and a second series of bits, having a bit length
Tm the bits of the first series represent the positive polarity, the bits

of the second serieschepresept-Lhgenedat L¥gapRlarkt ¥nanfd1280t ke di fference
in nunber of bits between the first series and the second series is at npbst

ten (10). 7. TheeebskdtehVver aaeehet 18 +6c6LaiNylha¥hgr €bR-band34 the bit
pattern of the second sync mark is not included in a bit pattern of user

data which is recegaetcynctbertflatlharegtenisBicTheTdeskrdreyeaapasedi ng to
claiml, wherein 5 the bit pattern of the second sync mark includes
patterns other lhas sfis¢ypescofs"101the" 8&60Hd" 4046, hatR1020" tha@10l " and
"01010." 9. The disk drive according to claim1, wherein the data region

i ncl udes & firshaslat acorgionocandsaquénsecofd"dat acreljion; t fibiki bstedat a
region precedes the first sync-mark region, the second sync-nmark region
follows the firkingaehfseli bp ahtabreeédeswrhendeébnduanacd FB§PEA, 28Ad t he
bit pattern of the second sync mark contains the last bit ("0" or "1")
recorded in 15 the Freseiehta #efFoRL&Md i ncl udes patterns other than six
types of "101," "010," "1.010," "0101," "éOlOl" anﬂﬁ"OlOlO." 10. A net hod
for use in a disk stgpﬁgglﬁgngéVﬁsaﬁﬁPE 1n9e£0athaghEESE M ead to perform

perpendi cul ar 20 (RINGLLE LELLLY PP 0DcB0Hh 5K RNAREH L LEEOE Jong, MEdI UM
10 data sector of the disk 1 during the writing of data.
The second sync pattern 130 is a pattern that can be
reliably detected even if it undergoes a base-line
offset and which would not lower the ability of
detecting the second user data item 140 that follows
15 the second sync mark 130. A bit pattern that is
desirable for the second sync mark 130 will be
described below.
FIG. 4 is a graph representing the result of
an experiment conducted to demonstrate how the second
20 sync mark 130 may influence the ability of detecting
the second user data item 140 recorded in the region
following the region where the second sync mark is
recorded. In FIG. 4, the ratio (%) of the consecutive
bits of the same polarity (i.e., “0s” or “1s”) to all
25 bits constituting the second sync mark 130 is plotted
on the x~-axis. And the bit-error rate (in logarithm)

observed in reproducing the second user data item 140



havi ng data sectors each including a first sync-mark regi on, a second
sync-mark region and a data region, the nethod conprising: witing a first
sync mark for detecting a head of 25 each sector, in the first sync-mark
region, before witing data in the data region of the sector; and witing a
second sync mark in the second - 35 sync-mark region, the second sync
mark being different in bit pattern frambhe fLirst sync mark, the bit
pattern of the second sync mark including a series of bits representing
positive polarity and a series of 5 bits representing negative polarity,
the series of bikspiwhieh bs kABIgL Lhan the other, having a bit length
that is at |east 50% of the total "bit length of the second sync mark, not
exceedi ng an upper | TRkt ek riReatCahdarae r'iieh ottt eherdrt Jsatgpfigy ror |
10 reproducing data fromthe data region. 11. The nmethod according to clai
10, wherein thetseti eaeohibhtst vwblekabsel bngeertbanrtiie akher, has a bit
|l ength that is at | east 50% but | ess than 85% of the total bit |ength of

t he second synchAsmekidaébtlZromheIGet Apdiacder desdriblel dom the weeoeidn t he
bit length of the |onger series of bits is at |east 500, and the upper
limit of Phe bi syhengehkt héPebb hsvat anbét mboter80%nofvhtilcd tppeeraltiici t set
in accordance with the tolerant rate of error. 20 13. The net hod according
to claim10, whefefhet Renpreutbéigt hiss phethengemesepilesisy Hiit€-irs at

| east 500, and the, upper limt of the,bit,len%th thereof is Iess than 100%
of the upper |inP8 sef | hSatcbPdanéePhtenienatt drasintOfabetotlessror. 25

14. Th t hod I t | aj 10, i the bit tt f th d
aync ek mor BB 5By o P o b Bk P Han el ShtePa: SYBF Herk da%her oo of
bits, - 36 hayi Lt | th,_Tp,  havi i.t | th T
thesbits of rep?éégggaPﬁg BS???FVElgonggFgPSgﬁgagég xh%%egﬁ gor rgse_ntm
the negajpve 5 ghETSBﬁQEEBF?v@ gﬁ%% gl @h%ssgﬁkwggﬂaQEgy{Rﬁ.%ecoﬂg Series

is at nost ten series o S, e first series bits o € ‘pol'arity, and

the the first sepies,(10) 5¢)1p, Ihe pethodsageqr dingst@ claim 10, wherein
the bit pattern of the second sync mark is not included in a bit pattern of

user data which is raeengedthatt keelBidtaia the@dnonr e HdmRL Reghaccordi ng
to claim 10, wherein the bit pattern of the second sync mark includes
patterns ot her mhak $BR hypesonkethBliye “0¥0bits10:Ach 'tePEsenti®dtOl"” and
"01010." 15 17. The nethod according to claim 10, wherein the ‘

negative polarity) that define a bit length Tm and

n
m

15 consecutive “1” bits (each representing positive

polarity) that define a bit length Tp.
The two bit patterns written in the disk 1 and

constituting the second sync mark 130 may have the
same bit length, that is Tp = Tm. Namely, half (50%)

20 the number of bits constituting the second sync mark
130 represent positive polarity, and the remaining
half (50%) the number of bits represent negative
polarity. This type of a bit pattern is called
“DC-balanced pattern.”

25 Alternatively, the second sync mark 130 may have
at least two bit patterns having bit lengths Tp and

Tm, where |Tp - Tm| < 10 bits.



+ data region includes a first data region and a second data region, the

first data region precedes the first sync-mark region, the second sync-nmark

region follows the first data regi on and precedes the second data 20

region, and the bit pattern of the second sync mark contains the last bit

("0" or "1") recorded in the first data region and includes patterns other

than six types of "101," "010," "1010,<* "@hyO1-" "10101" and "01010."
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20 130 should not contain a bit pattern of “101,” ™“010,"
“1010,” “0101,” “10101” or “01010.” It is also
desired that the second sync mark 130 should contain
no bit patterns containing recorded bits that
represent user data or ECC data modulated with RLL
25 codes.
An example of the bit pattern that the second

sync mark 130, each satisfies the above-mentioned
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requirement, will be described with reference to
FIGS. 3A to 3F.
FIGS. 3A and 3D represent the bit pattern
contained in the sync mark 130. The bit pattern
5 consists of two regions S1 and 32. The region S1 is
defined by “0” bits (representing negative polarity)
and has a bit length Tm. The region S2 is defined
by “1” bits (representing positive polarity) and has
a bit length Tp. Note that the bit lengths Tm and Tp
10 are equal (Tm = Tp).
As FIG. 3A shows, the first region A of the
second sync mark 130, which has a bit length L of 1,
is a region which does not form a bit pattern such as
“101” or “010.” 1If the last bit K of the first user
15 data item 120 is “1,” one “1” bit is recorded in the
first region A. This is because a pattern of “101”
will be formed if a “0” bit is recorded in the first
region A.
If the last bit K of the first user data item 120
20 is “1,” one “0” bit may be recorded in the first
region A as illustrated in FIG. 3D. This is because
a pattern of “010” will be formed if a “1” bit is
recorded in the first region A.
Thus, the bit pattern of the second sync mark
25 130 changes as shown in FIG. 3A and FIG. 3D, depending
on the value of the last bit K of the first user

data item 120. Nonetheless, the bit in the first



@L0%& ()-!'s @109% ()-F @OY%& ()-3  109%E& ()- 10%E& () - &UHvaBnbC s6! 10!
YA0%ES ()-!L! 10%EE& ()-F 310%E& ()-LS 10%E& ()-F s10%E& ()-3

109€& () - vHgdEMbC s6! 10! Y 2109E& ()-F OnLOYE& ()-Y . 109E& ()-L-"109%E& ()- 3
@ 109%E& ()-F ' 109&& ()-1 xnbC s6! 10! 109%& ()- 10E 10E 10EF 3: &L0Y%E& () -
S8f 109&8&’ () - Ls6! 109E8& ()-Y 4z109&E& () - QVk[ 9an‘ s6! 91 10%ZeZ& () - X3
f109%& ()-9 109%b& ()-f!9

10% & ()-f!V 1 10%b& ()-f!s’ |100/<§[&'() fl\/F| sz3<c s6! 10nn

10nn! L. "109%n& ()-& L."109[n[ & ()- &L ' m'10%& ()- 'L ' m'109%NV& ()- 19 110%

sS& () -XhrP. Ol Ly d@¥BR&a(bt! thelQ¥odd d&nt) mhrk! 18%&:6) nbtXxukd@%&n() - F
“109X& () - 109%& () -

10nnhMIV}[ 9. C! LtBe"BOY-Bh¥&elh- nh8chlBW pbréothed #n16MXT&vOE- lark
PT#"10%Q& ()-F F 1109%%& ()-!'L"10% i & ()-uv4alls 1109k ()- x !'109% () -
T109X& () - 109X84érestor 37.
The user data and the ECC data are modulated
5 with RLL codes. The maximum run length in the
NRZI-recording rule is 10 bits. That is, the number
of consecutive bits representing the same polarity
should be 10 or less.
In the bit pattern of the second sync mark 130,

10 the regions S1 and S2 consist of 11 bits each.

The bit pattern of the second sync mark 130 contains
neither the bit pattern of the user data nor the bit
pattern of the ECC data. Note that the user data and
ECC data have been modulated with RLL codes.

15 FIGS. 5A and 5B depict a first modification of
the bit pattern for the second sync mark. FIGS. 6A
and 6B shows a second modification of the bit pattern.
FIGS. 7A and 7B depicts a third modification of the
bit pattern. |

20 The two bit patterns of FIG. 5A and 5B are
different from those of FIG. 3A and 3D in that the
region S1 is defined by “1” bits and the region S2 is
defined by “0” bits. However, the bit length Tp of
the first region S1 is equal to the bit length Tm of

25 the region S2.

That is, “1” bits are recorded in the region S1,

each representing the positive polarity, and “0” bits
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10%&f()'!XlO%&:ﬁféFfeQQ%@%&)in the region 352, each representing the

negative polarity. Namely, the second sync mark 130
contains a bit pattern consisting of these regions Sl
and S2.

5 The bit pattern of FIG. 5A has one “1” bit in the
first region A, because the last bit K of the first
user data item 120 is “1.” By contrast, the bit
pattern of FIG. 5B has one “0” bit in the first region
A, because the last bit K of the first user data item

10 120 is “0.”

The bit patterns of FIGS. 6A and 6B are
characterized in that the regions S1 and S2 differ in
terms of bit length. More precisely, the region Sl
defined by “0” bits has a bit length Tm shorter than

15 the bit length Tp of the region R2. That is, Tm < Tp.
Note that |Tp - Tm| = 1 £ 10 bits.

Thus, “0” bits (representing negative polarity)
are recorded in the region S1, which therefore has
a bit length Tm. And “1” bits (representing positive

20 polarity) are recorded in the region $2, which
therefore has a bit length Tp. Hence, the second sync
mark 130 has a bit pattern that contains these regions
S1 and S2.

The bit pattern of FIG. 6A has one “1” bit in the

25 first region A, because the last bit K of the first
user data item 120 is “1.” By contrast, the bit

pattern of FIG. 6B has one “0” bit in the first region
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A, because the last bit K of the first user data item
120 is “0.”
The bit patterns of FIGS. 7A and 7B consist of
regions A, S1, S2, S3 and S4 each. The region A has
5 a bit length L. The regions S1 and S3-are defined
by “0” bits and have bit lengths Tml and Tm2,
respectively. The regions S2 and S4 are defined
by “1” bits and have bit lengths Tpl and Tp2,
respectively. Note that |Tp - Tm| = 1. These regions
10 A, S1, S2, S3 and S5 constitute the bit pattern of the
second sync mark 130.

The bit pattern of FIG. 7A has one “1” bit in the
first region A, because the last bit K of the first
user data item 120 is “1.” On the other hand, the bit

15 pattern of FIG. 7B has one “0” bit in the first region
A, because the last bit K of the first user data item
120 is “0.”

In summary, an ordinary random pattern is written

as first sync mark 110 and a bit pattern that meets

20 the requirement shown in FIG. 4 is written as second
sync mark 130, when data is written in the sector
format shown in FIG. 2B.

The second sync mark 130 contains a bit pattern a
half (50%) of which is defined by consecutive “0” bits

25 that represent the negative polarity, and remaining
half (50%) of which is defined by consecutive “1” bits

that represent the positive polarity.
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region of the second sync mark 130, is “0” or “1” in
accordance with the value of the last bit of the first
user data 120. Thus, the second sync mark 130 does

5 not contain a bit pattern of “101,” “010,” “1010,”
“0101,” “10101l” or “01010,” which is very likely to
cause a detection error of the mark 130.

In the disk drive according to the present

embodiment, which performs perpendicular magnetic

10 recording, the second sync mark 130 can be detected at
high probability even if the second sync pattern 130
undergoes a base-line offset caused by TA while the
data is being read from the disk 1. This reduces the
bit-error rate in reproducing the second user data

15 item 140.

(Another Embodiment)

FIG. 8, FIGS. 9A to 9C, FIGS. 10A to 10C,
FIGS. 11 and FIG. 12 illustrates another embodiments
of the present invention.

20 FIG. 8 is a block diagram showing the major
components of a disk drive according to the other
embodiment of the invention. As FIG. 8 shows, this
disk drive has a pre-coder 71 and a post-coder 72.
The pre-coder 71 and the post-coder 72 are

25 incorporated in the write channel and the read
channel, respectively. This disk drive is identical

to the disk drive of FIG. 1, in any other respects.
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shown in FIG. 1 are designated at the same reference
numerals and will not be described.

As FIG. 11 depicts, the pre-coder 71 has an

5 exclusive OR gate 710 and two l-bit delay elements
711 and 712. The pre-coder 71 is a circuit that has
the transfer characteristic represented by transfer
polynomial of 1/1 - D2,

As FIG. 12 shows, the post-coder 72 has two 1-bit

10 delay elements 720 and 721 and an exclusive OR gate
722. The post-coder 72 is a circuit that has the
transfer characteristic represented by transfer
polynomial of 1 - D2,

In the read/write channel 70 shown FIG. 8, the

15 user data i1s written in the disk 1 as follows. First,
the data-modulating/demodulating circuit 39 modulates
the user data and the ECC data addéd to the data, with
RLL codes that have a coding ratio (M/N). Next, the
pre~coder 71 modulates the user data and the ECC data.

20 Then, the head 10 records the data output from, in the
disk 1.

To read data from the disk 1, the viterbi
detector 36 detects the series of data bits. The
post-coder 72 demodulates‘the series of bits, which is

25 sent to the data-modulating/demodulating circuit 39.
The circuit 39 demodulates the series of bits.

In the other embodiment, the second sync mark
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demodulated by the post-encoder 72.
5 In the other embodiment, too, the second sync
mark 130 has a bit pattern that can be reliably
detected even if the second sync mark 130 undergoes a
base-line offset caused by TA. This bit pattern would
not lower the ability of detecting the second user

10 data item 140 that follows the second sync mark 130.
More precisely, the ratio of the consecutive bits of
the same polarity (positive or negative) to all bits
is 50% to 85% in this bit pattern. Further, the
second sync mark 130 contains at least one bit pattern

15 that consists of a region having a bit length Tp and
defined by consecutive “1” bits representing the
positive polarity and a region having a bit length Tm
and defined by consecutive “0” bits representing the
negative polarity, where |[Tp - Tm| = 1 < 10 bits.

20 Moreover, the second sync mark 130 contains no
bit patterns of NRZ-recording rule, which are very
likely to cause a detection error of the mark 130 in
a PRML system. (In the NRZ-recording rule, “0” bits
and “1” bits are alternately recorded in the disk 1,

25 each “0” bit representing the negative polarity and
each “1” bits representing the positive polarity.)

In other words, the second sync pattern 130 does not
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ing user data or ECC data modulated with RLL codes.

5 FIGS. 9A to 9C are diagram representing bit
patterns for the second sync mark 130 that is used in
the other embodiment.

- FIG. 9A shows the bit pattern that the second
sync mark 130 has if the last bit of the first user
10 data 120 recorded between the first sync mark 110 and
the second sync mark 130 is “1.” The bit battern
contains a pattern that consists of two regions S1 and
S2. The region S1 is defined by consecutive “0” bits
(representing negative polarity). The region S2 is
15 defined by consecutive “1” bits (representing positive
polarity). The regions S1 and S2 have bit lengths Tp
and Tm, respectively. The bit lengths Tp and Tm are
equal (i.e., Tp = Tm).
FIG. 9B shows the bit pattern that the second
20 sync mark 130 has if the last bit of the first user
data 120 recorded between the first sync mark 110 and
the second sync mark 130 is “0.” This bit pattern is
inverse to the bit pattern shown in FIG. 9A. Namely,
it contains a pattern that consists of two regions Sl
25 and S2. The region S1 is defined by consecutive “1”
bits (representing positive polarity). The region S2

is defined by consecutive “0” bits (representing
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As described above in conjunction with the first
embodiment, the first region A of the second sync mark
130, which has a bit length L of 1, is a region which
5 does not form a bit pattern such as “101” or “010.”
If the last bit K of the first user data item 120 is
“1,” one “1” bit is recorded in the first region A.
This is because a pattern of “101” will be formed if
a “0” bit is recorded in the first region A.
10 If the last bit K of the first user data item 120
is “0,” one “0” bit is recorded in the first region A.
This is because a pattern of “010” will be formed if
a “1” bit is recorded in the first ;egion A. This is
why a “0” bit is recorded in the first region A..
15 In this embodiment, the sync mark detector 37
performs the bit-pattern matching, using the series
of bits output from the post-coder 72. The first bit
in the first region A of the second sync mark 130
changes when it is output from the post-coder 72, in
20 accordance with the bit that the viterbi detector 36
has detected from the first user data item 120.
In other words, the first bit in the region A is
changeable (X. Hence, the first bit in the region A
is not used in the bit-pattern matching carried out to
25 detect the second sync mark 130.
FIGS. 10A to 10C are a diagram depicting other

bit patterns for the second sync mark 130 that is used
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bit patterns, the regions S1 and S2 have bit lengths
L1 and L2, where |L1-1L2| = 1.
Both embodiments described above are disk

5 drives that perform perpendicular magnetic recording.
They can reduce the adverse influence on the decoding
of the data that immediately follows the second sync
mark, thus achieving a low error rate in the data
decoding.

10 In addition, the second sync mark can be reliably
and correctly detected in both embodiments. This
decreases the number of data-decoding retrials, which
can helps to enhance the data throughput.

In summary, the present invention can provide

15 a disk drive that can detect sync marks at high
probability and does not increase the error rate in
reproducing the user data that follows the syncbmarks.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

20 the invention in its broader aspects is not limited to.
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

25 defined by the appended claims and their equivalents.
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1. A disk drive comprising:
a disk-shaped recording medium having data
sectors each having a first sync-mark region, a second
5 sync-mark region and a data region;
a magnetic head which writes data in each data
sector of the disk-shaped recording medium;
sync-mark generating means for generating a bit
pattern of a first sync mark for detecting a head of
10 each data sector and a bit pattern of a second sync
mark, which is different from the bit pattern of the
first sync mark, the second sync mark having a bit
pattern including a series of bits representing
positive polarity and a series of bits representing
15 negative polarity, the series of bits, which is longer
than the other, having a bit length that is at least
50% of the total bit length of the second sync mark,
not exceeding an upper limit set in accordance with
a tolerant rate of error in reproducing data from the
20 data region; and
writing means for supplying a data signal to the
magnetic head, the data signal including the first
sync mark and second sync mark which have been
generated by the sync-mark generating means.
25 2. The disk drive according to claim 1, wherein
the series of bits, which is longer than the other,

has a bit length that is at least 50% but less than
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3. The disk drive according to claim 1, wherein
the bit length of the longer series of bits is at
least 50%, and the upper limit of the bit length

5 thereof is at most about 80% of the upper limit set in
accordance with the tolerant rate of error.

4. The disk drive according to claim 1, wherein
the bit length of the longer series of bits is at
least 50%, and the upper limit of the bit length

10 thereof is less than 100% of the upper limit set in
accordance with the tolerant rate of error.

5. The disk drive according to claim 1, wherein
the data region includes a first data region and
a second data region, and the second sync mark follows

15 the first data region and precedes the second data
region, the first data region preceding the first sync
mark.

6. The disk drive according to claim 1, wherein
the bit pattern of the second sync mark includes at

20 least one pattern which consists of a first series of
bits, having a bit length Tp, and a second series of
'bits, having a bit length Tm, the bits of the first
series represent the positive polarity, the bits of
the second series represent the negative polarity, and

25 the difference in number of bits between the first
series and the second series is at most ten (10).

7. The disk drive according to claim 1, wherein
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8. The disk drive according to claim 1, wherein
5 the bit pattern of the second sync mark includes
patterns other than six types of “101,” “010,” “1010,”
“0101,” “10101” and “01010.”
9. The disk drive according to claim 1, wherein
the data region includes a first data region and a
10 second data region, the first data region precedes the
first sync-mark region, the second sync-mark region
follows the first data region and precedes the second
data region, and the bit pattern of the second sync
mark contains the last bit (“0” or “1”) recorded in
15 the first data region and includes patterns other
than six types of “101,” “010,” “1010,” “0101,”
“10101” and “01010.”
10. A method for use in a disk storage apparatus
which uses a magnetic head to perform perpendicular
20 magnetic recording on a disk-shaped recording medium
having data sectors each including a first sync-mark
region, a second sync-mark region and a data region,
the method comprising:
writing a first sync mark for detecting a head of
25 each sector, in the first sync-mark region, before
writing data in the data region of the sector; and

writing a second sync mark in the second
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sync-mark region, the second sync mark being different
in bit pattern from the first sync mark, the bit
pattern of the second sync mark including a series of
bits representing positive polarity and a series of

5 bits representing negative polarity, the series of
bits, which is longer than the other, having a bit
length that is at least 50% of the total bit length
of the second sync mark, not exceeding an upper limit
set in accordance with a tolerant rate of error in

10 reproducing data from the data region.

11.. The method according to claim 10, wherein the

series of bits, which is longer than the other, has
a bit length that is at least 50% but less than 85% of
the total bit length of the second sync mark.

15 12. The method according to claim 10, wherein the
bit length of the longer series of bits is at least
50%, and the upper limit of the bit length thereof is
at most about 80% of the upper limit set in accordance
with the tolerant rate of error.

20 13. The method according to claim 10, wherein the
bit length of the longer series of bits is at least
50%, and the upper limit of the bit length thereof is
less than 100% of the upper limit set in accordance
with the tolerant rate of error.

25 14, The method according to claim 10, wherein the
bit pattern of the second sync mark includes at least

one pattern which consists of a first series of bits,
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and the second series is at most ten (10}.

15. The method according to claim 10, wherein the

bit pattern of the second sync mark is not included in

a bit pattern of user data which is recorded in the

10 . data region.

16. The method according to claim 10, wherein the
bit pattern of the second sync mark includes patterns
other than six types of “101,” “010,” “1010,” “0101,”
“*10101” and “01010.”

15 17. The method according to claim 10, wherein the
data region includes a first data region and a second
data region, the first data region precedes the first
sync-mark region, the second sync-mark region follows
the firat data region and precedes the second data

20 region, and the bit pattern of the second sync mark
contains the last bit (“0” or “1”) recorded in the
first data region and includes patterns other than

six types of “101,” “010,” “1010,” “0101,” “10101”
and “01010.”



