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. ADDRESS MARK | N GROUND OF THE | NVENTI ON 5 The present

i nvention reIatQWMﬁ”ﬁmmmm drive that utilizes a conposite head to execute
a self servo wite Qﬁ@&gss to arrange plural sets of servo data in a
circunferential direction of a disk, each set containing plural types of
servo data each containing 10 a unique type of servo address mark. In
particul ar, t jpvention relates to a disk drive suitable for
detecting a t%@@@M@@@mﬁw@m servo data in the disk as well as a nethod of
detecting a s mark in_the disk. 15 Magnetic di sk drives that
use a di sk (disk &AM as a reEOFHEnGE nEBF UM EERTHENI known. Magnetic

di sk drives, not BlLl -S| ef i ' LLV, o] di sk
havi ng servo dat SHOHE NP AR ¥ PERECr i Slys AEBRks 18R8, oo
data is recordedIﬁITﬁﬁ Lntervals in a circunfer ential direction of the
disk and radially in"a tadial direction of the disk. The servo data

contains a servo address narkﬂh dﬂﬁﬁ dﬁ;fhéx¥#%%¥¥?bﬁC)deternine t he
servo data. 25 The use of an exclusivé witer provided wth a push pinis

Known as & method of ’Y"I’ié%f‘%séﬁf}’?n@'@ﬁ@i&ﬂ %@faf@&of i59d§$1|&féffv8f the

di sk. The servo witer - using the push pin nechanically feeds a head
(magnetic head) .tHdwISut BBi 46 ACK SRS S Yt d NEELRSES, ek dQUBET ¥ Os M F L £LrHST NY
the push pin is desired to have a very high nmechani cal accuracy in order to
feed the head 5 witite Mrecessut@termigheslutal thets dhessevyodarat er
normally wites servo data when the disk is not enclosed in a housing of

t he magneti c di skn driakerdumiererstiahetivedcporoviraocdishe aaclk sktve is
open). Thus, a facility such as a clean roomis required to 10 allow the
servo witer to epntainmydbamal TyRes ¢h secentdgarsach cenlalining
witing nethod called a "self servo wite" has frequently been enpl oyed

whi ch canlQ®eal & t4nidee i R ReEeFER IAUITRTS R, whik HoalolesChbAL r equi re

facilities such , , ) ) _
the present invention relates to a disk drive suitable

for detecting a target type of servo data in the disk

as well as a method of detecting a servo address mark

in the disk.

15 Magnetic disk drives that use a disk (disk
medium) as a recording medium are well known.
Magnetic disk drives, notably small-sized magnetic
disk drives, commonly use a disk having servo data
embedded in a part of a recording surface. The servo

20 data is recorded at equal intervals in a circumfer-
ential direction of the disk and radially in a radial
direction of the disk. The servo data contains
a servo address mark (SAM) that is a code used to
determine the servo data.

25 The use of an exclusive writer provided with a

push pin is known as a method of writing servo data in

the recording surface of the disk. The servo writer



15 as a clean room This nethod is characterized in that the magnetic disk
drive itself controls the positioning (tacking) of the head when a servo
wite is executed on the disk nounted in this apparatus. Various nethods
have been proposed as the self servo 20 wite. One of such nmethods is to
partition servo data into a nunber of types (groups) in the circunferential
direction of the disk in order to carry out,head tracking and servo data
wites. The servo data is classified into, %or exanpl e, odd- nunber sector
servo 25 data and even-nunber sector servo data, or servo data for the

t t dat d dat ly f th | f
wite (virtual  copepe” SndebRya TSN R e R TR IS et oo Peachnratmetie
hod i | i ' d.includir d el d
wri Lo ol omont . aBoAME o TOAREnaE: ErAERap eiEehY: §hePerE®s, “FBR 0508 i n and

fromthe disk. Thgigggdugigbegﬁgt8?g§h%@§iS iﬁgsgkgﬁe@E ﬁégepgfaﬁ%gfrom

each other in a radial direCtion n an exanplein h servo

data is partitionegni AbenhwechYPgechpsbydindopabuatoseryg fakanand virtual
servo data, plural sets of actual servo data and 10 virtual servo data are

arranged (secordeg}hifogechteupheeepitahediresti-enef the deskoUgkiged
servo data wite (a self servo wite process), described below It is
assurmed that actnatmaiiyowdatasasdrvbrisdah sreMotHat aibavesbgea witten in
a disk up to 15 a track M In this condition, the read el ement of the head
is used to read, eficktosgdnphea hotusahgsefvbhdamagheoittdeskraekvdl On the
basis of the read actual servo data, an operation of witing virtual servo
data is performedthat i8r wkehpheton couek Nf Shei Haskydr20eansoppealion of
actual servo data is perforped using virtual servo data. In the magnetic
disk drive,. a stghdt ?eh@CttbhytHachiak pycinannsaemi ssarpiired by a head
anplifier,and then . transmtted to a read chapnel 1C. The signal 25 (read

si gnal ) t}gnsnit? Y ot R ReSTERY WRERFEI CP VT LtanprrYPedabd - a vari abl e gain

lifi VG). Th lified signal has it f h b - 4
? .”F t IerI Sﬁd(i s %hen gi %‘F?a'n L%ﬁdr%!ﬁggﬁ Xﬂgf'ﬁlg/ai \é\?\fg{f’oﬁgﬁegggglt‘ﬁm). Thea
digitalized si i ] dd k_(SA
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servo address r“%ﬂ%§§%§%§:@ﬁg?ﬂ”céﬁrﬁg%ﬁa%?thT@ﬁeSEﬁXPe alg Ls,dgtected in

the read data on t det ect the servo address nmark. For

servo address nﬁﬂén§9@ﬁ5aﬁ@nﬁﬁi@@ddé@5§@6¥0rgéﬁﬁretf@cfﬁf?i§§d$§cﬁfe .
normal Iy used regardl ess of 10 the position (Servo position) of the disk at

whi ch serM® dat aas sa rebeanietbor t eTiips ivetvod f D Sles ¥ocBEEL £88 p@rk codes,
codes that differ fromeach other by one servo data item nmay be used at the
sane radi al posithah Uie thegnktske dislagheive iisdl fircomttolshiicd 15 t he
self servo wite nethod is applied nust read only actual servo data or only
virtual servo daR@SiTIRRINg hgtmﬂgmq)i O Hithke dr¢ad when ai sernguishtact ual
servo data fromyirtual servo data. However, if the same servo address
marks are appli etf tHHIEEQRu ALl 2o Rewrtrd Kertiziarparatys.

i npossi ble to deter.m ne ther .actual or virtual servo data is first
det ect ed, when S}as%lr‘?}‘bs e{‘\ﬁl\f%ei'é% hie RePRIARREST 125 sthaute HeceaB%y to

add a co f or e{a“;ln ngﬂeonoé os‘%ce setrvo data or use,, for deter mggééon, a

sector 25 code contal ned1h %h At SRR 19 T hPIer ot dutservo

into a number of types (groups) in the circumferential
direction of the disk in order to carry out head
tracking and servo data writes. The servo data is
classified into, for example, odd-number sector servo
25 data and even-number sector servo data, or servo data
for the apparatus (actual servo data) and servo data

used only for the self servo write (virtual servo



However, the nmethod of adding a determination code to servo data requires a
Separate determ nation - 5 code in addition to servo data in the current
format. In this case, the servo data becones |onger by the |l ength of the
determ nati on code. Thus, the application of the nethod of adding a
determ nation 5 code reduces an area on the disk (data area) which can be
used to record data. Further, it is not ensured that a target type of servo
data, i.e. either actual servo data or virtual servo data is detected as a
result of the first servo data search. In this case, 10 a servo data search
ound. On the other

t b ted til ot t tt f d '
nand, i {n the. nEERBY- of AdBEEPHERFIY CheOF i8S 61 ~BaFvo et amas g the

t de, th i t duced, b t t de i 5
alTeady cont ai nelt P 8AIESS BofembPOIETePSad SOCAFNTnEs BCnGASERL: s

t d that t [ t of
Uhe 175t servo data®saar oh. HA B sURARY: LTI PROERT! GRAD) REED: iPng to
an enbodi nent ofwghgepggsgggdiagggtgﬂnanghgggmighgraygggd andi sk_drive in

which plural sets of servo data are arranged in a circunferential direction

of a disk,seach sebmentt ah8i e NvfdtoabueabnpUEbEr o8aLEST ¥ing M3d) types of
servo data 25 each including a unique type of servo address mark and

posi tion informabther Thia dadkallrdvee60Phi 6€StBeC@mpRSi te head,

speci fyi ng means, detecting neans, - 6 and first to third control neans.
The conposite head i nthudrseaampilteinl ehtnoh andva cdead ékepept)itIbaecwrite
el enent and the read elenent are offset fromeach other in a radial
direction of theidigktws fT¥eespérciyihggneahsaspsertoedatanandseliftsalvo
wite process utilizing the conposite head, one of N types of servo address
marks which is t%eﬁéodgﬁﬁéteﬂ}u¥%b setypes aftyelveenvdrdatanantts bei ng
cont ai ned 5n the respective N types of servo data. Every tinme the 10 servo
data itentV of th%l§%ﬂilt§%EY°mﬂ?€% aFe *herbded {recpededsptitdve sets of
servo data, are wittep in the disk in a cipcle, the specifying neans
switches to spec?+¥%%T£%ﬁe%?l%;s%?@%cgﬂﬂ?egé %%?kéhﬁFqH%lP% 2hee¥yPe of the

servo, data, | emea T1e, feLecty g IPANE. 42 (eLec! 5 b, spr v, addoeg ok

specified by the specifying neans, by the

read el ement of Bhegorposiie headiadd:ihen comyeriefiniocdigigal data. 1o

the self servo process, every tine etects the 20 servo

address mark spegifiesh ethe SPELIANGOLOBANGithenTifst oL QL PBANS
positions the wite elenent of the conposite head at a target radia

position Ik the giskaon Mhe hastisiof coesition, | FAOr PBAH 081 éMeSEr YD €iad a
containing the servo address mark. Wth the 25 wite el enment positioned at
the target radi dhegdsidiwsedntd heealdl skfot hexamsbad sebLsD| saBansdgealses t he
wite elenent to wite a correspondi ng type of additional
from the track M. On the basis of the read actual
servo data, an operation of writing virtual servo data
is performed on, for example, a track N. Similarly,
20 an operation of actual servo data is performed using
virtual servo data.
In the magnetic disk drive, a signal read from
the disk by the head is amplified by a head amplifier
and then transmitted to a read channel IC. The signal
25 (read signal) transmitted to the read channel IC

is amplified by a variable gain amplifier (VGA).

The amplified signal has its waveform shaped by



servo data itemat a position offset fromthe position of the servo data
containing the servo address mark specified by the specifying nmeans, in the
circunferential direction of the disk by a predeterm ned 5 distance. The
third control means noves the conposite head in the radial direction of the
di sk by a predeterm ned pitch every tine sets of additional servo data
itens are witten in the disk in a circle. Eacb set consists of N types of
servo data itenms. 10 BRI EF DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG
The acconpanyi ng drawi ngs, which are incorporated in and constitute a part
of the specificati illustrate pres g@@éﬁ{e red enmbodinments of the

, .
i nventi on, and.tggggﬁgﬁqmapﬁ ﬁﬁet_gﬁe nb1. #@haTSQﬁQ%ﬁgﬁﬂiﬁﬁ§@énd t he
detail ed descrlp%bggegke&hinﬁyodlﬁggg%&%gxg %%%kggﬁgﬁgéxgﬁ%%ggxgeg)n t he

principles of the invéntion. FIG

configuration of 13 aanelli¢cdlskoltl KB JrCaAd ! a3 SERR TRYL 51,20 the

present invention; F I"agr am show ng types

a recording surfaee abrycdasirelsahatite aame hadigl Ltijongpas weld as a
data format; FIG 3 israofﬁomfbhgrtashomﬁng a prg%ggggg'oﬁ%a%gg gg% servo

wite process aceatdi,ng kertbi sdareedi iR cBhESindA e 4Rrake odiragr ams
illustrating a self servo wite process according to this enbodi nent

FIG 5 is a bl ockhdi sgram show ng actentigunatitbe ebaanaBtW eharpael | C that
is applied in a first nodification of this enbodinment; FIG 6 is a bl ock

di agr am showi ng hasdésf bdudateonibnobfanhk/ YeeckanaddrkEst hatki.s applied in a
second nodification of this enbodinent; FIG 7 is a block diagram show ng a
configuration of an RFprchgrvel adGrelsst mag kagpeldesd comta itleidr d nmeeirfiiocat i on

of this enbodinment; 10 FIG 8 is a bl ock di agram showi ng a configuration of
an R Wchannel | @3tRat the 8pPRi €adrE arponprRaksili Peedt regastlenssof

enbodi nent ; and EgG. 9 Lg_a bl ock di agram,show ng a configuration of an RR'W
channel 1€that F8aBBFiedoPn (8FVPtROSition) of the disk at which

servo data is recorded. Alternatively, for servo
address mark codes, codes that differ from each other
by one servo data item may be used at the same radial
position of the disk. A magnetic disk drive to which

15 the self servo write method is applied must read only
actual servo data or only virtual servo data. Thus,
the magnetic disk drive must distinguish actual servo
data from virtual servo data. However, if the same
servo address marks are applied to both actual and

20 virtual servo data, it is impossible to determine
whether actual or virtual servo data is first
detected, when a servo address mark is detected.
It is thus necessary to add a code for determination
to the servo data or use, for determination, a sector

25 code contained in an address code in the servo data.

However, the method of adding a determination

code to servo data requires a separate determination



15 nodi fication of this enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
.The present invention will be described belowin conjunction with its
enbodi ment, with reference to the drawings. FIG 1 is a block diagram
showi ng 20 a configuration of a magnetic disk drive according to an

enbodi mrent of the present invention. In a magnetic di sk drive (hereinafter
referred to as an "HDD'), a disk (magneticgdisk) 11 is a recording nmedi um
having two di sk surfaces, i.e. a top surface and a bottom 25 surface. At

| east one of top and bottom surfaces of the disk (magnetic disk) 11, e. g,

both di sk surfaces qjs}éeé#tej((gn coJ dggp%cz;%g,)aacl%p{hém& %g@é J,]_Sm

magnetical |y recé?%% nmaghetic are” eac arrange
association wt I difg o r g the di sk
11. Each head 1 I|ij‘stcﬁtjlsge Oé.lWI‘I te ggibe’i\gg |&n£%1 &%&S%ﬁ l?gllcrj%%ﬁorgfr ecor di ng)
and read data frﬁﬂé%&f%&hé@éﬁﬁﬁ@ﬂ&@%a@n .The, head 12 is a

conposi te head including a read el ement (R) 121 (see FI'GS."4A to 4D) and a
wite el ement ( M§p11212ca(§ﬁﬁ1 R S And th D)o £ TARd 1180 edereithi ddi d:s

conposed of an (magneto 10 resistive) element. The wite elenment 122 is
conmposed @& an idsltieduidds ned idmeel@nettie disk hedaonfa g atwioich cdd G 1,
an HDD conprising the single disk 11 is assuned. However, a plurality of

di sks 11 may be kst ackedl togeidmerd idattdhe HDD tHér Settvolslat@t iensuwrdéd en in
each recording surface of the disk 11 using the corresponding head 12 and a
procedure descritdet |attargedr epe mivdetveatafin dat a8 i seifthent eactaral
arranged radially fromthe center of the disk 11 at equal intervals in the
circunferenti al ST rdatd oir dfinteelissevd datre intdetedtedtaen adj acent
servo areas in the circunferential direction of the disk are called a
"servo interval "TeIh & HF prieds ST SmiRef ferda taN 39T ur &l R ridibercasti sfying

N>1) t f dat a tt the disk 11. 25 Th f
serzlo )(;2133) \(/)VI | Isea{)\éSO%\g%rqao ¥ ﬁ%ﬁfr}?ﬁ% bzees#ég% ated Vit etk}eec%af%i%toon t he

type of servo data is found.

On the other hand, with the method of determining
the types of servo data using the sector code, the
data area is not reduced because the sector code is

15 already contained in address code. However, also with
this method, it is not ensured that the target type of
servo data is detected as a result of the first servo
data search.

BRIEF SUMMARY OF THE INVENTION

20 According to an embodiment of the present
invention, there is provided a disk drive in which
plural sets of servo data are arranged in a circumfer-
ential direction of a disk, each set containing N
(a natural number satisfying N>1) types of servo data

25 each including a unique type of servo address mark
and position information. This disk drive comprises

a composite head, specifying means, detecting means,



recording surface of the disk 11 at the same radial - 10 positions. As
s apparent fromFI G 2, areas (servo areas) in which N types of servo data
200-1 (SV#1) to 200-N (SV#N) are recorded are alternately and repeatedly
arranged on the recording surface of the 5 disk 11 at the sane radi al
positions at specified servo intervals D. The servo data 200_1 (SV#1) to
200_N (SV#N) contain preanbles 201 1 to 201 servo address marks
(hereinafter referred to as "SAMs") 202 1 (%AN#l) to 202_N (SAM(N), address
codes 203 _1 10 to 203_N, and p05|t|on error signals (hereinafter referred

to as "PESs") ZOQﬁé E9r§94%§ t ﬁeghh%gox mgh pre%gglggzol L.(i=1to N

contai ns an autonatic gal n con SI gna requency

used to stab|I|2ﬁe5QelﬂgEghggdg 921@@8 £159,4hg §Aghzg§ beg%AN#l) is a

code (hereinafter referred to as an co e" represent si gna

pattern uni que { onbheriyacodtnkhe ﬁﬁEVEhgaE@agogibmeyEeai‘gdé??§e90de 203- |

contains a cylinder co (cyl't nder nunber a sector cod sector

nunber). 20 The gybhndgencedBekndhcat eaq@atyhipderibhr 8¢ktnpogikkon on the
disk 11 in which the correspondi ng servo data 200_i (SV#i) has been

witten. The sectfhe spdeiEpdhgamesnthepeedeies] theaceelespergbngrservo
data 200 i (SV#i) in a sequence of servo data on the 25 sanme cyli nder
(track). The PESEPdcesdenvidszanbutke sbmpabkiitadheat ngneasft Netgppkitude
of a reproduced waveform information on the relative position - 11
(position error)oéf sehgohaddreastmerkyl whileh im thi bk thtecbedespbadNng
servo data 200_i (SV#i) is being witten. Referring back to FIG 1, the
disk 1 is rotatellyBeatof AegHospderess mashbnbpéngocontahaedi haf the
referred to as an "SPM'). The head 12 is attached to the tip of_ an actuator
(carriage) 14 asT8SRe&HWBVInGYREEhARI SATVIhdahaad E¥ery RbUedtPA a radial
direction of the disk 11 in, gccordg ﬁe with rotative novenent of 1Q the

o]

actuator 1%. ThuSSTYReIREAGI¥9MFsOhotlei BABE HXPE/ t WRYER RFEcKnCHHded
Bcting as a driviRg RBur eePPeP Y Reo R P op o iio SReSact st BF L 2aPsir ven
o ety s oS bR YRS oLl UL VoY UL ELRAETES
(controlled Var'@ﬁé@ifﬂéggléﬁ et &r S Peot BEAHEL ¥ R9rk unique to the
type of the servo data items. The detecting means
15 detects the servo address mark specified by the
specifying means, in read data read from the disk by
the read element of the composite head and then
converted into digital data. In the self servo
process, every time the detecting means detects the
20 servo address mark specified by the specifying means,
the first control means positions the write element of
the composite head at a target radial position on the
disk on the basis of position information in servo
data containing the servo address mark. With the
25 write element positioned at the target radial position

on the disk, the second control means causes the write

element to write a corresponding type of additional



currents supplied to the SPM 13 and VCM 15 by the motor driver 16. 20 The
.head 12 is connected to a head anplifier (head 1C) 17. The head anplifier
17 includes a read anplifier that anplifies a read signal read by the head
12 and a wite anplifier that converts wite data into a wite current. The
head anplifier 17 is 25 connected to a read/wite channel |C (hereinafter
referred to as an RFWchannel 1C) 18. The R Wchannel IC 18 has a read
channel function of executing an A/AD - 12 (Analog/Digital) converting
process on a read signal and a process of decoding read data. The RR'W

hannel | hanpel | f
ncoding wri Lo o3PRandi bt bt OBy techoest BN SRR op Engiel P BRE PEFSRer
has a function of d@ﬂ@%éf@os Q Qé‘ﬁﬁaiﬂlﬂégtﬁé"% ggorg %Qé‘éﬁgﬂ?e RwW

channel 1 C 18 incC es a varla e gain anplrfrer er ei ha erred to

as a "VAA") 181, n ggﬁg ital) n _
(hereinafter ref%??%%f%%&a%§§%hé-%é¥§&f qgéé&?reg+s%g€ %gﬁé %Pa SAM
detector 185. ThenMGhy wir&@@ﬁéﬁt&fe@h@ruﬁyﬁoaytacpﬁé\a@t&mmﬁa (VGA)
circuit to maintain a fixed level of a read signal anplified by the head

anplifier 87 (spetificed!|y, Thdechiead dbnerpl ihéefisinotds bead-anpbsiter).
The filter 182 is used to shape the waveform of an output signal from _the

VGA 181. The ADGd&3 ih gitial tadbal hisreewsdorashapedit sadbgi gnal . The SAM
register 184 is used to set a SAM code to be detected by the SAM det ect or
185. 20 The SAMphetdeternild3sd detech sevdrey IAVhe oslet sed £ byddhiei SAM r egi st er
184, in the read data digitalized by the ADC 183. The SAM detector 185 then
out puts a SAM de3@kY¢ o¥alsd ghiegma gere Iwr Fit®n 1in athe rdlsk fmradetecteng
servo data in the read data digitalized by 25 the ADC 183 is omtted. The
detected servo da%hiseh reprietredcf N alyRee of regr1o. dake Hee®Sarray 19 is

16 has & Rlncti ontrgeRa ity gk &%t%%@?%‘i&#@%% i 98V e
tenporal position (i

f h
SAM det ection 5 si gnafhi8%c%?l %ﬁ},%%gg?]]???‘ﬁ}en%%{w ‘gléf%&t%?glégg %%ﬁ%‘g%’it ©

channel I C 18. T; Y/ 1 t hat hol ds

servo data transferred %@r{{tﬁi’t\g%Q% nnel €8tsﬁa % i con‘?

(hereinafter fefﬁﬂf@&fé)c@ Adse r%)r?%f% Sr&@RG &8N 4.0 2 5593&he 10 The
y

host is electronic equi prrent repr esent a personal conputer and

uti |1 2ing the HODvehtes H0C 201 EARRTES AiYch 1G] Sife EOIMENMIS: it 161 ©

soman 15 given above and the detailed description of the
embodiments given below, serve to explain the
principles of the invention.

FIG. 1 is a block diagram showing a configuration
of a magnetic disk drive according to an embodiment of

20 the present invention;

FIG. 2 is a diagram showing N types of data
recorded on a recording surface of a disk 11 at the
same radial positions as well as a data format:

FIG. 3 is a flow chart showing a procedure of a

25 self servo write process according to this embodiment;

FIGS. 4A to 4D are diagrams illustrating a self

servo write process according to this embodiment;



a read command, and the like) and data to and fromthe host. The HDC 20
~also controls data transfers to 15 and fromthe disk 11 via the RI'Wchannel
| C 18. The CPU 21 has a nonvol atile nmenory, for exanple, a ROM (Read Only
Menory) 211. Control prograns executed by the CPU 21 are already stored in

the ROM 201. The CPU 21 al so has a RAM (Random Access Menory) 20 212. A
part of the entire area of the RAM 212 is ygsed as a work area for the CPU
21. The CPU 21 is a main controller for the HDD. The CPU 21 controls the
notor driver 16, the R'Wchannel 1C 18, the HDC 20 and others in

accordance with the cgg&rog 9 ogr ?§c§t 53 rgﬁ ?ﬁgngkéﬁ%ﬁgﬁgg Qgg 21

al so executes pOSI tioni ng con I’O| rac COI’] € i n order

to position the gead, Ig/ LhLAng 1tféQEﬁaEa@gaSpglé?aa&ges gipsid track.

The tracking control is carried out on t posi tion rnformation

(cylinder codes agds PESs)ibn bbechesvondabanbtd in the servo register 191

in the gate array 19. Further, the CPU 21 executes 5 a self servo wite

process of using the pead é21tsoa%ubeksa&ggrdﬁt ahbmhaeadb&sfléurhle%na
self servo wite process in the HDD shown in FIG 1 will be described with

reference $0 theofl g RMArthannél Gce3thatd EsGoppifetoidbai kkoshdati ng 10
operations. In the self servo wite process applied to the present

enbodi nent, an adddifdoatipato€rbhdé eebodiment;200_1, 200_2, ..., 200_N
(additional servo data) is witten in the disk 11 at the same radi al
positions. To wite tFKéGaddi iponablpakt dinrgvamt REOWSngepyvootiiguzedion
200_2, ..., 200_N, already witten servo data 200_N, 200_1, ..., 200 (N 1)
is used to carryobudnhcRAVrehapbel pbsi thahi hy eRRlhpdt tnefebBhrd(wW 122 of
the head 12 at a target radial position on the disk 11. Further, when the
sel f servo wit @t %B%Eégna%EoFH?ﬁge?%oéh%eFFOM/chart in FIG 3is

tarted, | set dat h of which. cont th dat
200 1 20002, ... 200 RavS 2l PAGAY HOBAYGR| CPGH.TA EEEOH&ES% 50 st

radi al positions, fqg% éﬁoéﬁgng%glEgngégegaogkﬁa%géhgge 2§ ess of

witing the servo d 6 ffrst ra i al

posi tions. Firstp,hie: SRt A S8t 6n s Vehbah!feht f Ohna
FIG. 9 is a block diagram showing a configuration
of an R/W channel IC that is applied in a fifth
15 modification of this embodiment.
DETAILED DESCRIPTION OF THE INVENTION
The present invention will be described below
in conjunction with its embodiment, with reference
to the drawings. FIG. 1 is a block diagram showing
20 a configuration of a magnetic disk drive according to
an embodiment of the present invention. 1In a magnetic
disk drive (hereinafter referred to as an "HDD"),
a disk (magnetic disk) 11 is a recording medium having
two disk surfaces, i.e. a top surface and a bottom
25 surface. At least one of top and bottom surfaces of
the disk (magnetic disk) 11, e.g. both disk surfaces

constitute recording surfaces on which data is



- 15 specifying the type of servo data (SAM code), to an initial value of
.1 (step S1). Then, the CPU 21 sets a SAM 202-i contained in servo data
200-i, i.e. a SAMHi (SAWHI code) in the SAMregister 184 in the 5 RW
channel IC 18 via the gate array 19 (step S2). Wile the disk 11 is being
rotated at a high speed by the SPM 13, the head 11 floats fromthe disk 11
at an al nbst constant distance fromit. In ghis condition, the read el enent
(R) of the head 12 10 converts information recorded on the recording
surface of the disk 11 into electric signals. The signal converted by the

head 12, 1 6. UNBaaRdsshengl o scaml T hedly isend st op Lpthe
Ll ned AU 8 LRXa%,Leughel NS VG 1R oin, AR B Webangsl LE 19,

conponents renpbvgd byet bechbihigh ;ggfgﬁgggégfFpgeﬁg%gfgﬁq1sgggﬁd clhe read

signal having its wavef orm shaped by t 2 1s digitalrzed

(quantized) by the ADG.488. tdhRrSAM detectar th854k Bkt he RaWfghannel |C 18

operates only while the gate array 19 is outputting servo gate pulses. In
this operati onal reesdiinghn, ahberSAY detactesm! 8hcdat gkt $1 i(Rathe read data
digitalized 25 by the ADC 183, the SAM{i code (in this case, the SAM{1
code) set in therSphbdegtsdrf.182heUpoaddebetti agcbhpoSANEI heade, the SAM
detector 185 outputs - 16 a valid SAM detection signal 186. The RRW
channel 1C 18 gehesiudsng| agreafdoetenenh ¢Bht &Rhi fgea BIESof 4hogbcdDL"
indicative of the start of transfer of servo data, in accordance with the
SAM 5 det ection 8Rgnal WIBBeogipnentd (W) LR3 $ARRJIELIESt 0AA1B6. 4The RI'W
channel 1C 18, for exangle seriallﬁ transfers the flag information to the
gate array 19. FurehksadaleRenl chahnis Fenmesadt et ahaMRad@agssteode 203-

and a PE 04-i both succeeding the SAM#i code, 10 in accordance with _the
SANIdetegiﬁon siﬁﬁﬁ}siﬁ%?)Tﬂ%egﬁﬂgchaﬁhﬁlw¥€§§89i%m?%Fl92@réﬁsF%mE°§%¢vo
data 200-i contajpin h tected. SAM| code (SAM 202-1), address code
203-i, and PES 2 ﬁi?gt%ngﬁggb%?egg}?ég?%ﬁ %??%%néhe gﬁotéefF%ﬁf?ﬁ?B?ﬁation
15 The gate array; t 1 nes e a : S eryo, dat a
200- i og t he bas?ééﬁfgg fgggiﬁb %?tH% %%%?%léaﬁgcéﬁéa?%%%ygna%%% %fag

information trans§ e&é&@&n@&.th@oxﬁ’é\\’&fba@“ﬁiu£§1%§¥ o8 &b%ﬁscffex?%)zsﬁé‘% as a

reference, the point of time 20 when the start of transfer o Servo

data 200-i was dsteckedetbgétieepaie a&aypdd generates a servo gate pul se
indicative of a timng for the next servo data 200 _i. The gate array 19

al so holds§ in the sesepvoedatheisIOtittbr Ser¥acHatacdfQihgt sansheered
after 25 the flag information by the RFWchannel |IC 18. Wen the SAM

det ecti on si gnalofigehé sdipsit plit tweslihy the SAM asperding 1B8Sadnl2 hend/ AV
channel 1C 18 - 17 (St%f S3), the CPU 21 carries out tracking control to
position the w iRECREREMtAIYrilped ofateme. hebkea® tn which geervadiata
position on the disk 11 (step S4). This control is based on the position
information i n 5% HF &ErsR 3R LORNIeharadial bnefkem vohe ceprter abl in the
gate array 19. The peosition information in the servo data is_cylinder codes
and PESs (positi E:';1Ié)]e§1‘? o:lrOl sai‘iigneaq@a)al ARERL N e yskr ke TR skt or

pul'se ingyace 19 ol {NG YMALL eefd o™ 5! 9Male 180 85, & LNl ised as
adjacent servo areas in the circumferential direction
of the disk are called a "servo interval”. 1In the
present embodiment, N (a natural number satisfying
N>1) types of servo data are written in the disk 11.
25 The N types of servo data will be described
below. FIG. 2 shows servo data recorded on the

recording surface of the disk 11 at the same radial



a t?igger for the tracking control. The servo sector pulse is generated by
.the gate array 19 as descri bed bel ow. Upon determ ning the start of
transfer of the servo data 200 i fromthe R'Wchannel 1C 18, the gate 15
array 19 detects a SAM code fromthe servo data 200_i succeeding the flag
information. The gate array 19 generates a servo sector pulse using, as a
reference, the point of tinme when the SAM ¢ggde _was detected. Using this
servo sector pulse as an interruption 20 signal for the CPU 21, the CPU 21
can start the tracking control on the basis of the position information in

th data 2 [ th re, _the CP 1 i t the t Ki

control "on the bASPECAPHPRe BRSLE) BERAFBEnEPBn TR - 28/t RESS8r VaodRPa 200_
t iti th j : E 12 h i al
posttron on the SrsreLitATRALE R LhpkPTetcdedd BRehlZob AT . 1o
222 to write addpyi 9nalnsesypniianpe(2eey0qRal LELNL1EQRLALR OahRe SAW(T +1)

code in the disk 11 a specified tine [ater using, as a re ence, a servo

gate pul se as a t&pbagelUSEreohEE8POANERAE £8c5981§g8§ﬁ¥9a9@tafZQﬁei (step
S5). This specified tinme corresponds to the servo interval D in the

circunferential diseclloatothéheadeskadiall PokhtSofaser tPecheadqel enment
121 and wite elenment 122, constituting the head 12, are offset from 10

each other in theeradi dhtdiversibn ofhéhsedizskddtabyoe_di stupce doas shown
in FIGS. 4A to 4D. More specifi tally, the wite elenent 122 is offset from
the read el enent2221yi (S@#NI rectiainfpoeambhes Péiipheoy20d_gut eerperi phery
of the disk 11 by the distance d. 15 Accordingly, if the wite elenment 122
is positioned atag@eesarpgerks atlhereposfteonreferneddtekad1"8aMshe basi s of
the servo data 200 i (SV#i) read by the read el enent 121, additional servo

data can be writ%%%—ht(@%%bbs??i% 2aff {PRMEEKt 38¢YesHacades02¢B+1), which
20 follo 0the servgogata qu i and,is offset fromthe servo data 200-i in
t he radigf di r ect? on” BNt REPGTRRS 41 QWi PEEPT of 1 FRdhS | MARFebRRIBRErY toO
outer periphery of-th isk 11), the distangce Thus, if i . is 1, the
read el ement 121??%%Fsese€ oa%atggaﬁoligéémﬁls? %%4T%taf%ﬁp%??%ﬁ?}¥ron1the
target radial positiof] i directiop_ oft Lsk 11 by the

di stance d as shown iﬂhép%§3§%§§%h§%}"bn?¥h£ E%sﬁé ggngégnge?go - 19

data 200_1 (SV#Juf&agk Ny dden reside & £meddc )l 2d; e é!‘f!é_esﬁ EBNLg122 1s
positioned at the target radial position. In thls condi tion, as shown by

arrow A in FIG dleqasiityionad s0ryoasiat 8240002 disp M EEdEN Al 3 Bgepi ti on
offset fromthe servo data 200_1 (SV#1) in the C|rcunferent|a? ditection of
the disk 18 by oftee SAM 202_; (SAM#i) is a code (hereinafter referred
to as an "SAM code"”) represented by a signal pattern
unique to the type of the servo data 200_4.
The address code 203-i contains a cylinder code
(cylinder number) and a sector code (sector number).
20 The cylinder code indicates a cylinder (track)
position on the disk 11 in which the corresponding
servo data 200.j (SV#i) has been written. The sector
code indicates the order of the corresponding servo
data 200_i (SV#i) in a seguence of servo data on the
25 same cylinder (track). The PES204_; denotes a burst

signal indicating, as the amplitude of a reproduced

waveform, information on the relative position



servo interval D and which is also offset fromthe read el enent 121 in the
.radial direction of the disk 1 by the distance d. Thus, the servo data
402 2 is 10 added to the servo data 200 _2 (SV#2) already witten in the
disk 11. That is, the area of the witten servo data 200_2 (SV#2) is
extended in the radial direction of the disk 11 by the distance
corresponding to the additional servo data;401.2. 15 Upon witing the
additional servo data item the CPU 21 determ nes whet her or not the

addi tional servo data itens of the sanme type have already been witten in
the disk 11 in a,girele (f ircle S S6) . ; LtiLgonal .servo
data itens of thégégﬁégPépngBEkaég %%% éggﬁ g%iFbéngpglﬁﬁgkd#gka&iéﬁn a
circle, the CPU re: .t he e t i Ng (WsAh,step In
contrast, once tﬁéedggg¥§§ﬂﬁggl%§tg?égsoﬁéggtgbgfﬁtégyﬁg)aggiF?gﬁgl servo
data itens of thg,.sapeptype in the disk 11 in a circle, the CPU 21
increments 25 the variable i by one (step S7). Then, the CPU 21 determ nes
whet her or not the ingeeapptad wackabberrcequal ¢nl ask@p1S8k. rbkathe
increnented variable i - 20" does not equal N, the CPU 21 uses the
incremented variable hith Epeedebyte bpenplecrssost dhkragnuiftbrstep S2. |f
the variable i prior to the increnentation is 1 as described above, the
incremented vari abferbed te 2s AncBEHMHQLY, TheSAMHA tOdési atsathed the SAM
register 184. In this case, as shown in FIG 4B, the wite elenent 122 is
positioned at theheatgpt ofadhahcpoustororicenrihgebadhisaef at heademoviddt a
200_2 contai ning the SAM#2 code (SAM 202_2). Then, as shown_ 10 by arrow B
in FIG 4B, addirfehaniservoThathead112 is Wevetehnag Hapd3ilt ddKestiont
fromthe servo data 200 2 %SV#Z) in the circunferential direction of the

di sk 11 by one sefvbhenféplal l D' AnACHATEANFe WEED BPFaELVer BRVEREREQE

I t 1 int di al _di ti ft 15 di 1.by the, dist d.
Thus: "t hefSer vo BB aad53250F s Fhcidednio: ¢ RBesBROY At ASIBOSSE SV OB r sady
witten in the dis% 1&. Tgat ks, @Fe area gf t?ﬁ ﬂqgtten $LvQ dﬁta 200_3
ggV§gzr;: gﬁészd%d ?ﬁh?ﬁe F%ﬁ!al Fedtirdd ?F . e drsk 1?7 E? FRé dls;gncef
Che T nor ement ed har anroF Can e \PEFREEd Po1R5cd, R ERBL Y &

202_N) in the SAM yegishgr sd8fcknrbhecREWehappsl 1@, 18rfst gprs8adr Then,
the CPU 21 waits for the"SAM detector 185 25 in the RRWchannel IC 18 to

out put the SAM deteatiosnsbgnahe 186M(sbep BA. sEMcest hadSidetegtker 185 in
the RRWchannel 1C 18 outputs the SAM detection signal - 21 186 (step
S9), the TRPU 21 daiversboulirivanyi agreentsokupplpedi biyoa imnbeow drévekenent
122 of the head 12 at a target radial position on the disk 11 (step S10).
In this case, thémsbovodriyest&€) 196.i nAt BUgal edateapibesovhdhds the servo
data 200_N (SV#N) contai ning the SAM¥N code (SAM 202_N) specified by the
SAM r egi st er 184KC¢@§6®81ﬁ@IV?riﬁbl@}a@ﬁ?ﬁgt@oﬁﬁtérmiﬁestgg srdvisdbased on
the position information in the servo data 200_N (SV#N%. 10 The CPU 21
carries out the FFBRERNRY 8BRPEHEdoRo the SPM 13 and VCHM 15 by the

motor driver 16.

20 The head 12 is connected to a head amplifier
(head IC) 17. The head amplifier 17 includes a read
amplifier that amplifies a read signal read by the
head 12 and a write amplifier that converts write
data into a write current. The head amplifier 17 is

25 connected to a read/write channel IC (hereinafter
referred to as an R/W channel IC) 18. The R/W channel

IC 18 has a read channel function of executing an A/D



the basis of the position information in the servo data 200_N to position
the wite elenent 122 of the head 12 at the target radial position on the
di sk 11. Then, the CPU 11 causes the wite elenent 122 to wite 15

addi tional servo data containing the SAM1 code for the next servo data
200_1 (SV#1), in the disk 11 a specified tinme later using, as a reference,
a servo gate pul se corresponding to the_sernwo data 200_N (SV#N) (step S11).
Thus, the additional servo data 20 is witten at the position of the servo
data 200 _1 (SV#1), succeeding the servo data 200 N (SV#N). That is, if i is

Eas?Qeo¥”iL§ §L?3§Héé%§3BE%&%Q?Eb%%S%%aﬁﬁabﬂﬁﬁé%%%ELgkﬁ%h%%egﬁéhéE% o
202 . T , ko El C iti
4011 is witton®at 5 BoSrEran bl receitread 98?96'829§a§6§fk‘%§@gm?lin
Bch'&%ﬁ val D
|

- 22 the circunferengi gh sdi hest LORrPtet BRaHLEK %ﬁnEXigﬂeo§eE§ .
and which is also offset fromthe read el enent 121 in the radial ection

of the disk 11 by pheceikst aficendodIRyswribe 88E%0adat a+4@1 L bse3sadded to
the servo data 200_1 (SV#1) already witten in the disk 11. That is, the
area of the wittrhs RgWvehdahal208_ is( SW#theirshaxt andadckhohher adi al
direction of the disk 11 by the distance corresponding to the additional
servo data 401_1det8ctpnyg servondatheiadditional zedr veadatiatatem the CPU
21 determ nes whether or not the additional servo data itens of the sane
type have al ready beefher RYWeghannehelI@i 4B ihcilndascer vheigbllepgsid). |f
the additional servo data itens of the same type have not 15 been witten
in the disk 11 iamaléfiere heneimplter refexsedt 68 eReapl¥688s 3Ba5ting
with step S9. In c nirast once th? addition7|,servo data itens of the sane
type are written®i h1{th&Tdi8k: 130 A/R (Angied/Pheitpl) 2¢08BEEERTnes whet her

h .20 ] [ ' h isk 11
Second ratfal posberBieefEeEptaiay FeanEOBEonn TANES) DALt FoRMarc Cho
t t iti . h i sk_at jGh .t tajt itten.
[ the servo. dat SRt R NSEE” notaLRentir FELERCED LB0T hoBCOR 2Ly adial |
iti , th ; h i I i ti t dth
Guter pori phery) o Therarek 1o byoke be e ineRgeqt (SR bRECBAEIS or

for - 23 exanppe ryo V; Nk aj AL ng : N code
currently set in %h%a%gﬁf?gg?sfg?é%8ﬁg?§?;%§8§2%?§?ng?gﬁéﬂc%% ?1?ﬁ%§

predet erm ned pibghthe pesdeimprdrasralvalygesmvlbgr1ihapnhtheeyydth of 5
the wite elenment 122 of the head 12 in the radial direction of the disk
11. This PFeventamphiefiendiel ehenhed@lambplihtehpad TRef FODTEUNPEAQGioUt i N
the radial direction of the disk 11 fromthe area of the already witten
servo data 200 _Ni$SV#N) . siFape helne wavdDogapof sanreatedt bef geeh fhemar ea of
the already witten servo data 200 N and the area of the additional servo
data. After the ®eadVG2 18l npvBaeiMDEhk83 adialtalieesi bhisfwanefdimk by the
predeterm ned pitch, the 15 CPU 21 restarts the process starting with the

above step S1. ASDaPeRsiRId 359%kbun BYe oFPMrFosisrern H& 1apiseddiei ona

servo data 402 2 is witten at a position offset fromithe servo data 200 1
in the circunferdntiil é%l\?( r(é%‘?? o of€ t FREEF 5% 1Y bR nt A efoBeoBoT nt 8P val D

S e SorT SRR e L5 Lo A TRUETEY iy B5ag 008l R 0"S, 11 ©
SAM register 184, in the read data digitalized by the
ADC 183. The SAM detector 185 then outputs a SAM
detection signal 186. In FIG. 1, a circuit for
detecting servo data in the read data digitalized by
25 the ADC 183 is omitted. The detected servo data is
transferred to a gate array 19.

The gate array 19 is an application specific



t he predeterm ned pitch. Thus, the servo data 402 2 is added to the servo
data 200 2 (SV#2) already 25 witten in the disk 11. On the other hand, if
the servo data itens have been witten up to the second radi al positions
(step - 24 S13), the CPU 21 ends the self servo wite process. At this
time, plural sets of servo data each of which contains N types of servo
data, the servo data 200_1 (SV#1) to 200_N,3SV#N), have been written
(arranged) 5 in the disk 11. In this case, ‘each set of the servo data 200_1
(SV#1) to 200_N (SV#N) has been witten in the disk 11 radially fromits

first di al Lt t d_r.adi,al iti t [ int |

(11 xed servo | nt rvasEabe FaEheiE @ ikirentn Steocrrad of Bo%rok 11
Lorvo tate {narEuRcRaneh oAb ethy 8 Kekig” e elRRnde LuBHsbrReEe O

t dat a. +kn.t hi - i arvq dat.a . d
ey g a1 kae B ched FenbBEal BRI RiM ) TBE RSSO a° @

area. Further, agegR bBitbalhEhNdnPLRERSRs@xeeULed WASN JeR@HDBN S
activated, the CPU may set a SAM code unique to the true servo data in the

SAM regi ster in shegnRiIWL 36 ohapuekedCo¥B8thknshii geerrel, 188e isekheser vo
write process according to the present enbodinent utilizes the servo data

200_N, 200_1, ..R/W26BafNel) Ial 16adyThei yhee boruke1di skclldes ar dekvho
position the wite elenment 122 25 of the head 12 at the target radial
position on the deghkster TRilsthekl hpatisomervoedabbedrbystherptebgnce of the
of fset between the read elenment 121 and wite - 25 elenment 122 of the
head 12 in the dtBrR RAHi ghasnhedclBon. ATHéskr contsbéhent (bR2eisaftsict i oned
at the target radial position on the basis of the servo data 200_N, 200_1,
., 200 (N 1) r&sdebyetnkoragdanl efbht') 5292is ranpRrEedokai & bAStthe wiite

éienent 122 writ t he additiona attern of the servo data 200 1 (SV#1),
S00 5 (svid) " FRebBgs R tavalretrBRhe aRuRDReht (RaBY SeRntRE. Yasent

For 10 tracki ng ESLePBr. FREPLARA: “BgaBer st 362t pouiPlce Y85 HBE E9he has
only to be set ip Lhe, P LAGISLEL; 84 ThG,RELYV0.0aLE 07 Lhe.Lar oet type
can be easily detecteg§§gléetec%lng ?ée é&ﬁ&l code ?servo address mar k) .
15 The effects of tbgaPe&frBhaS™RRM! PRA 1YkE) BRY data to and from
the host. The HDC 20 also controls data transfers to
15 and from the disk 11 via the R/W channel IC 18.
The CPU 21 has a nonvolatile memory, for example,
a ROM (Read Only Memory) 211. Control programs
executed by the CPU 21 are already stored in the ROM
201. The CPU 21 also has a RAM (Random Access Memory)
20 212. A part of the entire area of the RAM 212 is used
as a work area for the CPU 21. The CPU 21 is a main
controller for the HDD. The CPU 21 controls the motor
driver 16, the R/W channel IC 18, the HDC 20, and
others in accordance with the control programs stored
25 in the ROM 211. The CPU 21 also executes positioning

control (tracking control) and the like in order to

position the head 12 within a target range on a target



described in further detail. First, in the self servo wite process
.according to the present enbodinent, it is possible to use servo data the
nunber of which is Ntinmes as large as that of originally required servo 20
data. Thus, the wite el enent 122 can be precisely positioned at the target
radi al position on the disk 11. Furthernore, after the self servo wite
process, all the area of the servo data_otg%r than the originally required
servo data (true servo data) can 25 be used as part of the data area. Thus,
the data area i s not reduced in spite of using the servo data the nunber of
which is Ntines_as Jarg |naLI gU|re servo

azt?. IR tge ieIFrgg VO Erﬁ?%ﬁﬁgscagEBPﬁlorlgérfﬁﬁdpPB efi® Hﬁ?dlnent

i 1 . N

of servo 5 dat a. PPReS cafvBSRLEsoBobr o PSRN ol EebRRE PR eraTE ok 11 e
the sanme radi al Pﬁ§%a'9ﬂsthgh§e%¥86 a8k 293k 84 t?nbﬁ?éeggrbé gLt gped ?g?ry

time the disk 11 tes once us rea one Sérvo dat a,

it is necessary 1ﬁeéﬁea§!a€et9r95§twgu' ?Gr%ﬁ@?e %Qet&?@wf e§s{%&ee9ata from

one anot her. ot hér “hand, tonventional servo data uses fhe same SAM

code. Thussg If a; coayenséehg! wﬁffé! a&éséoasfrahshﬁgae%lﬁéaaoltl types of
servo data, the servo data 200_1 #1) to 200_N (Sv#7 it is inpossible

15 to determ ne whies Qérvbed§eavgndah@ a@lelisv#l) to 200_N (SV#7) is
first detected, when the 5AM code is detected. It is thus contenplated that
a code for deterniningoWheatypéfoéedabaWﬁmyebpradded ia the HBDvVvehdaha or
the type of data nay be determ ned using the 20 sector code in the address
code. However, winhFiGe hevhbl bé ddscngbeddeithniraderénnecbdethe the servo
data (first nethod) the length of the servo data is increased by the
amount corre spoﬁh@%gch@rthi@ HeGer #i aadi BRGEodé2 TpatDi s1luhatsabinget hod
dlsadvanta eously reduces the_area that _can be used as data sectors.

Furt her, i s nPPCERSLPRE- t hER Ehe 32+§0S@EYR WFlERCPrafges ehpbled

rin
detected du 9 to the present embodiment, an additional pattern of

servo data 200-7, 200-,, ..., 200y (additional servo
data) is written in the disk 11 at the same radial
positions. To write the additional pattern of the

15 servo data 200-y, 200.9, ..., 200_y, already written
servo data 200_y, 200-.7, ..., 200_(y-1) is used to
carry out control for positioning the.write element
(W) 122 of the head 12 at a target radial position on
the disk 11. Further, when the self servo write

20 process according to the flow chart in FIG. 3 is
started, plural sets of servo data each of which
contains the servo data 200-7, 200_5, ..., 200.y, have
already been written in the disk 11 at first radial
positions. Description will be given later of the

25 process of writing the servo data 200_3, 200-.5, ...,
200_y at the first radial positions.

First, the CPU 21 sets a variable i for



- 27 the first servo data search. Consequently, a servo data search nust
be repeated until the servo data of the target type is found. On the other
hand, with the nethod of making determ nation using the sector code 5
(second nethod), the use of existing data in the address code avoids
reduci ng the area that can be used as data sectors. However, as in the case
with the first nethod, it is not ensured tqgt the servo data of the target
type is detected during the first servo 10 data search. In contrast, in the
present enbodi nent, different types of SAM codes are used for the
respective types of servo data, .i.e. the serv at t t be

di sti ngui shed erRFSﬁgyéﬁgtﬁbP.tﬁBPtﬁgr?efﬁotﬁg%TS%E%ngﬁE%Zﬁbgainent, t he
SAM regi ster 184 _is.ptqvyi de i i¢h 21 t S e
contained in theapaﬁéégxegpga%kesggvg é%?gpc$#&§, ?ﬁ%%SAﬁﬁﬁe?g@fg? 185 can
detect only the SAM.cqd ebabnt Lsker 1 h LSpaihd it h resent
enbodi nent , onlygfg% ge?é@ 28bdét§88Fg?hghtépg§§r3§pghggn282 éétgé?éd
sinply by setting, shitsthesaAlireghgteinl8fe bR SAYiGede 4RUqYe t@ethe type
of servo data to be detected and w thout addi ng any new codes to the servo
data. Furthernorg/wdehikRdet hecpesi @daotha gakk serwg Woi t@tpposess, an 25
operation of setting the SAM code in the SAMregi ster 184 need not be
performed on the basi whaflet RBeseiva 1Nt éxvaleibyt rontattee kasias hdfght he tinme

i nterval during - 28 which the disk rotates once. Therefore, the CPU 21
can sufficientlyspeednblyi §het BPM dper aheoheaBeddr fpbats Hasmbébe divé&n of
the self servo wite process according to the present enbodi nent. 5 Now,
description wl| lbeagi renadfioshecopetanicodistancet fmgmsdtvo dat &hils t he
disk 11 at the first radial position. The HDD in FIG 1 has a well-known
configuration i nCRRA&R1PR, afthat feapt el smande (RO &@fi F8et heasdctldator 14 to

nove the head 12 toward the SPM 13, 10 the oggratign of thg,actuat r 14 is
regul at ediBy a sCOBYEFtEndPISKBRMAY OPWREARCEAEdaOPULPEr TEEOFS 1 pPeS8EE256ai nst

h , th 12.i Lt he f.i dial iti h
(1 SLOPPET.  NEIER el BOSILBIEREL Ahe gt fadial, pegyguon on (he
iti 15 with i i at r.ol he fi : i al, iti
PoS! 1 0n 1 W NRUL LSRN OBl ARG OB LO pelng Ll Stkadal post o

Thus, in the pfeﬁﬁgﬁégmdbgg%e betgr gggfit%f&egf 15CR K8 W%ial LREEES: t he

actuator 14 is press agal nst the sto r to 20 nmechanically position the

head 12 at the fhpst Radi ahpR9gikhoReaR RGndnSkaklitkn alpis te@adi tion, the
CPU 21 causes the wite elenment 122 to wite sets of servo data at the

first radial poshhieRaiaedthe di skxéd speeedbapght FGASEOVO inntaeval/®w D.
Each set 2S of servo data consists of servo data 200_1 (SV#1) to 200_N
(SVHEN) . - 29 EeenstelMidi flBcat Ronpukipwt degorilpt(readwisliignbd )gifwrem of a
first nodification of the enbodi nent of the present
the VGA 181 has its high frequency components removed
by the filter 182 to have its waveform shaped.
The read signal having its waveform shaped by the
20 filter 182 is digitalized (quantized) by the ADC 183.
The SAM detector 185 in the R/W channel IC 18
operates only while the gate array 19 is outputting
servo gate pulses. In this operational condition, the
SAM detector 185 detects, in the read data digitalized
25 by the ADC 183, the SAM#1i code (in this case, the
SAM#1 code)} set in the SAM register 184. Upon

detecting the SAM#i code, the SAM detector 185 outputs



invention. FIG 5 shows a configuration of an RFRW5 channel IC 180 used in
pl ace of the RRWchannel IC 18 in FIG 1. In FIG 5, conponents simlar to
*those in FIG 1 are denoted by the sane reference nunerals as those in FIG
1. In FIG 5, the CPU 21 sets Mtypes of SAM codes included in the N types
of SAM codes 10 (SAME1l to SAMEN), in M (a natural nunber satisfying 1<MN)
SAM registers 184_1 to 184_1"] via the gatyg array 19. A SAM detector 185a
detects, in read data digitalized by the 183, the Mtypes of SAM codes
set inthe SAMregisters 184 1 to 184 M The SAM 15 detector 185 outputs
186 .whenever. one of the Mtypes of SAM

the effective SAM det ect ﬁ Si gn%: e

codes is detectédV SAM, dete SR8y SHSAFT cati'on of the present

enbodi nent, the M SAM.regj sters 18 84..M \Mﬁ¥3§ﬁékfgdcwvthe
SAM det ect or 185a to'\ﬂabet M tcr]i'éarme#r;ﬁé ?ﬁl 9 ype%"gefs’z%&l%l(dgol es.

Consequently, when . .the .HDD is .ytild af tyr g 38ld5 1585/ @ PMHHE JHpaess, it
is possible to &é%“é:@tl,nlé? & u%el sé)rfvgleO éL'fga,qt he M tyapes eof servo data

included in the AR 3225 and, selcdrudie SAMH egistsns 184_1
to 184 M It isogs;thé%g%ﬁra?g:‘%r exanple, N=8, M=2, and the SAM codes

SAMEL and ;SAME2 alig, S8lor s ildia 1SAME e@itghiitekBhyl tinsl SAM @fedtt 2,
respectively. In this case, of the servo data 200 _1 to 200 _g, the servo
data 200-1 and 2056 ang detreciiethryl tie 199M ket extaomp l85aserTieel lsel f servo
wite process according to the 5 first nodification of the present

enbodi nent i s exesiftetbrisitie o Juropdediomat mn dro tthe hgate mitRY abdve
enbodi nent. However, in this self servo wite process, it is_necessary to
use only a predahertierd tine RAW tdharsiv rkyi 5t cdetasss 121 Addmrdf @i e 10
setting, in the remaining SAMregisters, dunmy SAM codes that 6 are not
detected. [Secor@DIvbididnda iRy ANATi dealeh i PITHREMDY BRe PR FO%E second

modi fication of the enbodi ment of the present 15 jnvention i%é% 6 shows a
confi gur a0 on ofimrmr@wwdaREmeri e B SREL e ¥ B9k V channel |C

18 i FIG 1. |1 FI G 6, iml h i F d t ed

by ItRe same ref g?%c%/%ﬁﬁrgﬁéfggé f%%!s%né]fﬁéﬁ%{rlgggﬁé% C%%Ygtﬁéeﬁ%PEngle
t SAM 20 d ] de inf ti i . kSt i th

coie array 19, AU TTtate i RS e SRAp: TeGhot BmESd0X. 8 1

number satl sTying,fsfs .céd@eéoﬁi,g%ﬁoﬁ% 304De €St ekt egatdher £ 19

detection node informati on s set e CPU 21 via the gate array 25 19.
The SAM det ect or ﬁférieﬁéu9@§V@ gpggdgﬁfgﬁﬁgtiahe decoder 285a determ nes

the P types of SAMcodés to be detect ed by the SAM det ector 285, by
decoding 15- 31 the $AM getechieaynmpdedententmesonheestantt hé node
transfer of the servo data 200-i on the basis of
a leading bit of logic "1" contained in the flag
information transferred by the R/W channel IC 18.
In this case, using, as a reference, the point of time
20 when the start of transfer of the servo data 200-1 was
determined, the gate array 19 generates a servo gate
pulse indicative of a timing for the next servo data
200-4y. The gate array 19 also holds, in the servo
register 191, the servo data 200-i transferred after
25 the flag information by the R/W channel IC 18.
When the SAM detection signal 186 is outputted

by the SAM detector 185 in the R/W channel IC 18



regi ster 284. The SAM detector 285 thus detects, in the read data
digitalized by the ADC | 83, the P types of SAM codes uni que to a nobde
specified by the node 5 register 284. Thus, in the second nodification of

t he present enbodi nent, sinply by switching the SAM detecti on node using
the node register 284, the SAM detector 285 is allowed to detect the P
types of SAM codes unique to 10 that node. {fhe_self servo wite process
according to the second nodification of the present enbodi nent is executed
using a procedure simlar to that in the above enbodi nent. However, in this
self servo wite e 1L LS CE$S al.trer n tedly 15
set N types of Sﬁgﬁgétggkfo%h%n%gﬁi%?o?%%f%%ﬁ é%gc??éﬁkén§n§°§§g§§(?§r P=1)
of SAM codes, i. e f d ion desbnfor i pesi fyi ng the
st o sankn, Boet By oRnEne Rt He RLRPRED WEE25 ChE CRE RE-GPEZ BXI T,
be given of a thir i1 Lon i eghogi EoRf 1N S

i nvention. FIG % gﬁgggtakﬁg%??gﬁgg%?gﬁno?yaﬁh%fgég a%%e?sﬁéﬁ3ggsﬁsed in
place of the RI\Wghanashtt&118si Bakb& ofd- th8 Fb&itTonCORPOPRALSoA! Mhl ar to
those in 25 FIG 1 are denoted by the sane reference nunerals as those in
FIG 1. InsFIG #hetbertbPU2tasebs_ N-beldSHM treéegtkevosebgetten ipfoipation
in a selection register - 32 384 via the gate array 19. The N-bit SAM
detector sel ectivhei ghbenatran tdrrethendssididht ypEsrmét B5AM tndeke The SAM
detector selection information is conposed of bits bO to bN_1. The bits b0
to bN 1 of 5 thesSaAwbdeéaest os syl écdévncodésr andi BESsséposhtibradel ection
regi ster 384, are inputted to enable term nals EN of SAM detectors 385_1 to
385 N, respectiveryorvpegnahabl ed, the SAM detectors 385 1 to 385 N 10 have
functions of detecting the SAM codes SAM#1 to SAMEN, respectively, The SAM
detectors 385 1 to 38§Eﬁ QP EhaBR¥JUGReR PREVP SRSbPE PBLAPnAP BAPRSs a

t at f ic "1",. Th is,, the, SAM det ect 385-1 to 385-N | ected
"t the bit8 0 18 pkpd St ReseqEiohvefnah: PhRciSan abvactorosd G5t on
i nf ti "1 .l n thi L he, SA 5 1 1t0 38 t ect
the SAM codes At tS0RERE “FREpeET TRy, CPREFREy” B febToaRPstathy T he
ADC | 83. U d i t 1 i f h AM 20

pon deCeLina e, S o, Lok a1 ol 1o gh L bee

detectors 385 1 utputs a v ectton signa AM

detection signalgefspm tHEop ML HELRELORS 880 _dthPt 388 _PrahsrvkrsrORRd. |
whereby the signal obtained by the wire=ORing is used as the SAM det ection

signal 186. 25 TedBvoidathe2dbifdrrodi theakiwncRinhbe present teabgdtaent,
by setting N-bit SAM detector selection information in the sel ection
regi ster B84, itatrsay 19 detects a SAM code from the servo data 200_j
succeeding the flag information. The gate array 19
generates a servo sector pulse using, as a reference,
the point of time when the SAM code was detected.
Using this servo sector pulse as an interruption
20 signal for the CPU 21, the CPU 21 can start the
tracking control on the basis of the position
information in the servo data 200_j.
Furthermore, the CPU 21 carries out the tracking
control on the basis of the position information in
25 the servo data 200-j to position the write element 122

of the head 12 at the target radial position on the

disk 11. Then, the CPU 11 causes the write element



- 33 possible to select the SAM detector 385 i corresponding to a bit of
_logic "1" contained in this information to detect the SAMti code.
Qoviously, if only one bit of the N-bit SAM detector selection 5

information is logic "1", it is possible to detect only one type of SAM
code corresponding to this bit. Further, if pl ural bits of the NNbit SAM
detector selection information are Iong " is possible to detect

plural types of SAM codes corresponding to the 10 plural bits. [Fourth
Modi fication] Now, description will be given of a fourth m)dification of

h nmbodi f
RIW 15 channel 1C4dD ied i aﬁe%f‘i”ﬂqeﬂ@o% BB

FI G 8, conpone %t%]ll}} %o téé?%e( |+r1 ::lr?% e k%emdsqéj anthe same

ref erence nuneral’s as t se I n ication of the

present enmbodi Meecilfie ORERA QR $&ihOf atsh%l We?r%xfb‘é el YexRP5_1 to
385 Nis controlled by the bit bO to bN.I of the SAM det ector sel ection

i nformation set gate h@13Rl &Gt 20N iAGic trrN 53840 drit FoHdiast .td e fourth
nodi fication of glthe rgflesent enbodi ment, the bits bO to bN 1 of the SAM

det ect or Sel ect ig@rvdb datfa0 208 ; or(snt@pireﬂ s t s pute iff reeRdtid@t a to the
SAM detectors 485 1 to 485 N by the ADC 183. Thus, in the fourth
nmodi fi cati on of dovegspeses tentidd mertvo inte3Aradwill cdheshd86 | to 486 _N are
provi ded between an output of the ADC 183 and inputs of t he SAM detectors
485 | to 485 N, cigspedenssitialTidd regtiomeoUgdhd digkdd .N are turned on and
off 5 (closed and opened) depending on the logic status of the bits by to
bN_|, respectively, df e ssm&mtg& rreped eckemant nfor atd ofrif® in the
sel ectl on regi ster 384. Thus, taI i zed read dat a out putted by the ADC

183 is inputted elsmend 3-4 dé’toé’t,st fheo hpgsl IQ#ZJ!O R Pt tiem
3651 to 485N FOTORTIE AT RN Ve I&dglrr@&‘i’w%‘at %Eﬁ iyt R ¢ he
g\evi teg{]lezndf??olmi e%%%gl %et ec g\rﬁgl %@ﬁf’%tgrhfég%%base a_LJW%r# oftgll_ct e
status of the bils 10 5 9 DN QIRGREV Y 10f otﬂ%e%A'\ﬂx%?& QGONr 3 ection
information. [Fifth Nbdification] Now, description will be given of a fifth
20 nodi ficati on Aferdehe QQQQQHimﬁﬂdﬂﬁedﬂﬂ%npﬁﬁﬁﬁﬂﬂlnner perlphery to
outer periphery of the disk 11 by the distance d.
15 Accordingly, if the write element 122 is positioned
at the target radial position on the disk 11 on the
basis of the servo data 200_-; (SV#i) read by the read
element 121, additional servo data can be written at
the position of the next servo data 200-(j4+1), which
20 follows the servo data 200_-; and is offset from the
servo data 200-i in the radial direction of the disk
11 (direction from inner periphery to outer periphery
of the disk 11) by the distance d. Thus, if i is 1,
the read element 121 reads servo data 200.7 (SV#l),
25 located offset from the target radial position in the

radial direction of the disk 11 by the distance d as

shown in FIG. 4A. Then, on the basis of the servo



invention. FIG 9 shows a configuration of an R'Wchannel 1C 580 used in

. place of the RRWchannel IC 18 in FIG 1. In FIG 9, conponents simlar to
those in FIG 1 are denoted by the sane reference nunerals as 25 those in
FIG 1. The fifth nodification of the present enbodinment is characterized
by controlling outputs of the SAM detectors 485 1 to 485 N in - 35
contrast with the fourth nodification of t present enbodi nent. Thus, in
the fifth nodification of the present enbodi nent, the switches 486 1 to
986 N are provided at the outputs of the SAM detectors 485 1 to 5 485 N,

respecti vely. The, sabidet econs 485 4 vo 453 Neheouarly paphor man

operation of det i Ng fhe to respectively,” in

digital i zed reag, daca ounit edahy o e ARGoRR, Aend e 5aM dataghors 10

485 1 to 485 _N ect the codeés N,  respectively, the

output a valid ?@gﬂ%ﬁg@tiQﬂ.%h&%?kon@ﬁ%%oﬂbe%stE%K@ﬁ%§§2%§r%%ﬁA?§BP 486_N

are on, the val etection signals tromthe ctors 485 1 to

485_N pass throggh t g, Swikshesnd86slri Latrd8aol. respestivtely atand are
then wire-ORed. This is equivalent to the sel ectiof fromthe SAM detectors

485_1 to 485_N basedioh bigskegireomt ahes sefrvbhaakiat 000t qsli1l, in
respectively, of the SAM detector selection information. 20 Tn the

description of the edbedmfertnandli tisreedibncatfi ahe, dik& predgnbnienventi on
is applied to an HDD (magnetic disk drive). However, the present invention
is applicabl e teedivek idtev¥elobhendt WanchhésHBDs e of fsetigdevo- Gpei cal di sk
drives, provided that 25 these disk drives conprise a disk on which servo
data nust be rezerde@lepgait idhalinativentragésladd resdiibncati 6he sk 1 - 36
readily occur to those skilled in the art. Therefore, the invention in its
br oader aspect sP¥s thét ALSkrREE fo t ABUSpeéhei ed¥Paipsaad@2repidsent ati ve
enbodi nent.s sho and descri bed herein. Accordingly, various 5,
nodifica@bons nggdﬁa ﬁﬁdgﬁﬁj§ﬁ58P ééﬁérgpﬁg2fréxggﬁeagﬁﬁﬁﬂy Yr18&6Pe of the
general inventive ncept . as.def| e% by the appende bains. nd their
equi val ent s. }nS%Bevégka§1CLAFBE F%! fEeAg%FSKO r%_& Wﬁ%&ﬁ?@h plura
sets of servo daLa,ar@.asranged i(Bvao¢l §GuBkeLaRbldndihecthanagl a disk
each set containing N ?a natural nu r
direction of the disk 11 by the distance corresponding
to the additional servo data 401_,.
15 Upon writing the additional servo data item, the
CPU 21 determines whether or not the additional servo
data items of the same type have already been written
in the disk 11 in a circle (full circle) (step S6).
If the additional servo data items of the same type
20 have not been written in the disk 11 in a circle, the
CPU 21 re-exXecutes the process starting with step S3.
In contrast, once the disk 11 has rotated once to
write the additional servo data items of the same
type in the disk 11 in a circle, the CPU 21 increments
25 the variable i by one (step S7). Then, the CPU 21

determines whether or not the incremented variable i

equals N (step S8). If the incremented wvariable i



5 satisfying N>1) types of servo data each including a unique type of servo
address mark and position information, the disk drive conprising: a

* conposite head including a wite element and a read el ement which are

of fset fromeach other in 10 a radial direction of the disk; neans for
specifying, in a self servo wite process utilizing the conposite head, the
type of servo address mark to be detectedyywhich is one of N types of servo
address marks included in the 15 respective N types of servo data, the
speci fyi ng means operating, every tine the servo data itens of the sane

type, which are included i9@&?§CLgﬁgeéEQX?%SSE@SO%héeEMergﬁéﬁteare witten

in the disk in @cefrBPt €6 i cation of a servo address nmark

uni que 20 to the type.of .the ser i ; SstartdaterttAg t he
servo address nﬁ?EXEBéSiFiga by %gggg%ch %r%go%ggﬁs? in regd data read

fromthe disk by the.read el efent  of .{he ¢oppesit echead andrehentaenverted
into digital da¥5?p2§&fir%? ggﬁtﬁgﬁgﬁgans fg? operating every tinme, during

the self servo process, it gcting gparRe,dehectincrieacatredovaddebde mar k
speci fied by thglon-§§81 g%eg?%y?ng nmeans, fo position the wite el enent of

the conpogite hgad.ab a hatgehingdvd apesMyizorocde tise seitsiknomheh&éMasi s of
position irnformation in servo data containing the servo address mark 5
second control Q%%&%t%%r1@MerathngHM§J¢abhe arsi tsdoaineienE ISosi4Bi of®@ at t he
target radial position on the disk, to cause the wite elenent tg ite a
correspondi ng t ypa tef caddidnitonal? ser posdatigneademti rihend adiasiE étadd'a\g(r)si tion
offset fromthe position of the 10 servo data contajning the servo address
mark specified pysitdspen foiendpasdanef e SRR %@é)'(ﬂ stance in the
circunferential direction of the disks and thi ngIP coqt rol hneenansag Q%hdmw."i ng
the conposite heahtainimg rtdd HAMHZ sqdon B! (4 B 'sk & a ‘predet erm ned

15 pitch every time sets of additional servo data it ttemdn the
disk in daCircl &y exaevsdt dbrsiGt 4Ry cﬁdec{\'}t_t%asl o%e%]a% a&f‘%e\r/r[%ql _362. The
di sk drive according to claim 1. further. campsiging, Jeans,d datwlsimg, t he

f
servo address nafiditten at a position o

(SV#2) in the circumferential direction of the disk 11
by one servo interval D and which is also offset from
the read element 121 in the radial direction of the

15 disk 1 by the distance d. Thus, the servo data 401_3
is added to the servo data 200-3 (SV#3) already
written in the disk 11. That is, the area of the
written servo data 200_3 (SV#3) is extended in the
radial direction of the disk 11 by the distance

20 corresponding to the additional servo data 40l-3.

On the other hand, if the incremented variable i
equals N, the CPU 21 sets a SAM#N code (SEM 202.yN) in
the SAM register 184 in the R/W channel IC 18 (step
sg8a). Then, the CPU 21 waits for the SAM detector 185

25 in the R/W channel IC 18 to output the SAM detection
signal 186 (step S9). Once the SAM detector 185 in

the R/W channel IC 18 outputs the SAM detection signal



20 ‘specified by the specifying nmeans, wherein the detecting neans detects,
.in the read data, the servo address mark held by the hol ding nmeans. 3. The
di sk drive according to claim2, wherein the holding nmeans includes a

regi ster which holds the 25 servo address mark. 4. The disk drive according
to claim1, wherein after the self servo wite process, the specifying -
39 neans specifies up to M (a natural nu r satisfying 1<MKN) arbitrary
types of servo address marks included in the N types of servo address
marks. 5. The disk drive according to claim4, further 5 conprising means

f hol di t k f d
sgeC|?y|hggnggnsP8%LL¥ﬁ d?% Sﬁ@é%éﬁﬁg ﬁ5§%%%§?§%§€5¥£§%¥ aﬂ%?%%%lnark
d th | f dd

mar ks af tor the SotostGE PheaE & andieh€ e PR eRe BT moans
detects, in the e@%cé’%]ar%d{]{l &plépti\gﬁy&estﬁgrags?dp{ eggt%e%(fo)hel d by

t he holdlng nmeans ve according to c ein: 15 the

hol di ng neans i nf+ udess M4 £9) st ﬁéss%fk?&mé I‘s@@fdlMti’ﬂ?eLsthc%é@é VO AL €ss

mar ks; and the hol ding neans sets I ng he self_servo wile process, one

of the N types ofo g5 N@s g essrvar kst M 6H ;S (§Pube cohesiethgi Mene of
the M 20 registers, while setting dummy servo address mar ks in the

remai ni ng regi stsme#N arsisetsaM A 0 BIvt hepsel fiseryp wHé tEnwrosgssteM types
of servo address marks included in the N types of servo address marks, in
the Mregisters.1@5b., 7. Adderdiskl ¢y i tiee aiccacklimg ¢ontctal nid, s vderel 0 i$1e
specifying neans indirectly specifies P (a natural nunber satisfying O<P<N;
P=1 for a self Jdeasedventihe positign ovebeimaypes Ui See voerddrdsisa mar ks
which are to be detected and which are included in the N types servo
address marks, ud?®eN b N hf or mati on indicative of a node unique to the P
types of servo address nmarks; and 5 the detecting neans includes neans for
decodi ng tthe node |hf%@%ﬁ@?%n2%p%%¥¥%%ﬂ %QttBh%egé?ﬁ¥h%gtﬁ%n?r?§p%% of

servo to the ”Dqﬁ? di cat ed the npde detects the Pt of servo addr~
10 by the node imM%r Jr%rP%p § FRARA e st N MRS 13 ?re%‘?f%v%ddr ess

Kk f t d Kk di d th 8. Th
sk drive accordi iy %é’d’cw a“?mﬁ?os S%%?%%foﬂ%o%%lr |ésa|engg%a§sf$%m %X‘f*a‘?’ng the
mode i nf ormat | Orhdéa%cizf = t ! re%e?@ é’ié‘ﬂrg@%{‘ﬁoz‘{‘h&ﬁe&

detecting neans detects, ata ypes of ser VO adldlr ess

10 19,52 20 ket eremlion R b1 IR g ety e T
regi ster hi ch hd@istional servo data containing the SAM#1 code for

the next servo data 200.7 (SV#1l), in the disk 11 a

specified time later using, as a reference, a servo

gate pulse corresponding to the servo data 200_y

(SV#N) (step S11). Thus, the additional servo data

20 is written at the position of the servo data 200.;

(SV#1), succeeding the servo data 200_y (SV#N).

That is, if 1 is N, the write element 122 is
positioned at the target radial position on the basis
of the servo data 200_y (SV#N) containing the SAM#N

25 code (SAM 202.p5). Then, as shown by an arrow C in
FIG. 4C, additional servo data 401_1 is written at

a position offset from the servo data 200_y (SV#N) in



20 the node information; and the detecting nmeans detects, in the read data,
the P types of servo address marks indicated by the node information held
by the register. 10. The disk drive according to claim1, wherein 25 the
detecting neans includes N servo address mark detectors which detect
different types of servo address marks included in the N types of servo
addr ess - 41 marks:; and the disk drivye %rther conpri ses nmeans for

sel ecting one of the N servo address mark detectors which detects the servo
address mark specified by the 5 specifying neans. 11. The disk drive

di t | apm. 1 i 4 Lectir i ngl, sel ection
g st Juhich s s R et 8 e RE R R B R ot PEn Lt npEr R on

i Si N bit i t h N, ks,
one of “tha N bi t SeE80! £168RGLIID! dnken il TubYRESChrRELEOSPOR ERE TRV

specified by thergpgctiyh88+Means; gndpLe t K detergun ogi ca
val ue; and each gf ?he N seFvo gdéﬁeggéng%§§§£t22?8?§P§§ ?E ég%egggg if the

correspondi ng bi{1iByt HReSQI¥LaRLAN 85S ﬁﬁﬁg,dﬁﬁgPééfvéebﬁﬁéi@OllEfPE”ati0“
held in the selection register has the predeterm ned |ogical value. 12. The

di sk drivesaccordiggdt toctiae nsdidvowigtgl 2080, eash#0f LheeAugenyor pgdr ess
mar k detectors has an enable term nal connected to the corresponding bit in

the servo addressnnen& deskctdr iThatnhsj obhdehdehnofhehsekection regi ster,
and is enabled if the bit represents the predeterm ned | ogical value. 25
13. The disk driverdecdatdngO0®o; claViil1isweetended hénsehectadabeans
i ncludes N switches provided in association with the N servo address mark
det ectors direction of the disk 11 by the distance corresponding
to the additional servo data 401._7.
10 Upon writing the additional servo data item, the
CPU 21 determines whether or not the additional servo
data items of the same type have already been written
in the disk 11 in a circle (step S12). If the
additional servo data items of the same type have not
15 been written in the disk 11 in a circle, the CPU 21
re-executes the process starting with step S9.
In contrast, once the additional servo data items of
the same type are written in the disk 11 in a circle,
the CPU 21 determines whether or not the servo data
20 items have been written in the disk 11 up to a second
radial positions (step S13). The second radial
positions are the outermost positions on the disk at
which the servo data items are written. If the servo
data items have not been written up to the second
25 radial positions, the CPU 21 moves the head 12 in the

radial direction (toward the outer periphery) of the

disk 11 by a predetermined pitch on the basis of, for



- 42 and respective bits contained in the N-bit servo address nmark
.detector selection information held in the selection register, and each of
the N switches controls an input of the read data to the correspond s ing
servo address mark detector in accordance.with the | ogical value of the
corresponding bit contained in the N-bit servo address mark sel ection
information. 14. The di sk drive according b cl,aim 11, wherein the

sel ecting neans includes N switches providéed in 10 association with the N
servo address nmark detectors and respective bits contained in the N-bit

dd K d I h | [
o0l Stor. and CaBR2BP Ehe ReSNPE KRcO3EBnEPB Y zﬁ%ﬂfp%nﬁﬁﬁaﬁa%f&ﬁ% on’
It f th d A net hod
of det ecting an SR [5??82@?%%823S&Z%gﬁéﬁﬁﬁ.ﬁe”@’*ﬁ SELEREE dRion T i e

a conposite head (nehudiag.a whitaigl engat 2nd preaadeehefBAl phocpxecute a

self servo wite pro ess 20 arranging plural sets of servo data in a

circunter ?nt|a|1§'F§€8é@ﬂn@B asdhskalbibesuriterekgaBNtnaNg bR pead
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servo data 200_-)5 and the area of the additional servo
data.
After the head 12 is moved in the radial
direction of the disk by the predetermined pitch, the
15 CPU 21 restarts the process starting with the above
step S1. As a result, as shown by an arrow D in
FIG. 4D, additional servo data 402_5 is written at
a position offset from the servo data 200_-1 in the
circumferential direction of the disk 11 by one servo
20 interval D and which corresponds to the result of
movement, in the condition in FIG. 4C, of the write
element 122 in the radial direction of the disk 11 by
the predetermined pitch. Thus, the servo data 402_,
is added to the servo data 200.o (SV#2) already
25 written in the disk 11.
On the other hand, if the servo data items have

been written up to the second radial positions (step
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element 122 of the head 12 in the disk radial
direction. The write element 122 is positioned at the
target radial position on the basis of the servo data
200y, 200-1, ..., 200-(N-1) read by the read element
5 121. In this condition, the write element 122 writes
the additional pattern of the servo data 200_; (SV#1),
2009 (SV#2), ..., 200_y (SV#N) in the disk 11.
Thus, in the present embodiment, to detect the
servo data 200_3; (SV#i) of the type to be used for

10 tracking control, the SAM#i code (SAM 202i) unique to
that type has only to be set in the SAM register 184.
The servo data of the target type can be easily
detected by detecting the SAM#i code (servo address
mark) .

15 The effects of the present embodiment will be
described in further detail. First, in the self servo
write process according to the present embodiment, it
is possible to use servo data the number of which is
N times as large as that of originally required servo

20 data. Thus, the write element 122 can be precisely
positioned at the target radial position on the disk
11. Furthermore, after the self servo write process,
all the area of the servo data other than the
originally required servo data (true servo data) can

25 be used as part of the data area. Thus, the data area
is not reduced in spite of using the servo data the

number of which is N times as large as that of
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necessary to read only one of N types of servo
the servo data 200-7 to 200_.y, recorded on the
11 at the same radial positions. The type of

to be read is switched every time the disk 11

es once. To thus read one of N types of servo
it is necessary to be able to distinguish these
of servo data from one another.

On the other hand, conventional servo data uses

the same SAM code. Thus, if a conventional servo data

forma

t if applied to N types of servo data, the servo

data 200.7 (SV#1) to 200_y (SV#7), it is impossible

15 to determine which of the servo data 200.7 (SV#1l) to

200_y

(SV#7) is first detected, when the SAM code is

detected. It is thus contemplated that a code for

determining the type of data may be added to the servo

data or the type of data may be determined using the

20 sector code in the address code.

However, with the method of adding a determina-

tion code to the servo data (first method), the length

of the servo data is increased by the amount corre-

sponding to this determination code. That is, this

25 method disadvantageously reduces the area that can be

used as data sectors. Further, it is not ensured that

the servo data of the target type is detected during
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the first servo data search. Consequently, a servo
data search must be repeated until the servo data of
the target type is found. On the other hand, with the
method of making determination using the sector code

5 (second method), the use of existing data in the
address code avoids reducing the area that can be used
as data sectors. However, as in the case with the
first method, it is not ensured that the servo data of
the target type is detected during the first servo

10 data search.

In contrast, in the present embodiment, different
types of SAM codes are used for the respective types
of servo data, i.e. the servo data that must be
distinguished from one another. Further, in the

15 present embodiment, the SAM register 184 is provided,
in which the CPU 21 sets the SAM code contained in the
target type of servo data. Thus, the SAM detector 185
can detect only the SAM code set in the register 184,
That is, in the present embodiment, only the servo

20 data of the target type can be detected simply by
setting, in the SAM register 184, the SAM code unique
to the type of servo data to be detected and without
adding any new codes to the servo data. Furthermore,
during the period of a self servo write process, an

25 operation of setting the SAM code in the SAM register
184 need not be performed on the basis of the servo

interval but on the basis of the time interval during
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which the disk rotates once. Therefore, the CPU 21
can sufficiently accomplish this operation.
Description has been given of the self servo
write process according to the present embodiment.
5 Now, description will be given of the operation of
writing servo data in the disk 11 at the first
radial position. The HDD in FIG. 1 has a well-known
configuration in which if an attempt is made to drive
the actuator 14 to move the head 12 toward the SPM 13,
10 the operation of the actuator 14 is regulated by a
stopper (not shown). When the actuator 14 is pressed
against the stopper, the head 12 is positioned at the
first radial position on the disk 11. That is, the
head 12 can be positioned at the first radial position
15 without relying on tracking control. The first radial
position is the innermost position on the disk 11 at
which servo data is written. Thus, in the present
embodiment, before the self servo write process,
the actuator 14 is pressed against the stopper to
20 mechanically position the head 12 at the first
radial position on the disk 11. 1In this condition,
the CPU 21 causes the write element 122 to write sets
of servo data at the first radial positions on the
disk 11 spaced apart at servo intervals D. Each set
25 of servo data consists of servo data 200-7 (SV#1) to

200_y (SVHN) .
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Now, description will be given of a first
modification of the embodiment of the present
invention. FIG. 5 shows a configuration of an R/W

5 channel IC 180 used in place of the R/W channel IC 18
in FIG. 1. In FIG. 5, components similar to those in
FIG. 1 are denoted by the same reference numerals as
those in FIG. 1. In FIG. 5, the CPU 21 sets M types
of SAM codes included in the N types of SAM codes
10 (SAM#1 to SAM#N), in M (a natural number satisfying
1<M<N) SAM registers 184_q to 184_y via the gate
array 19. A SAM detector 185a detects, in read data
digitalized by the ADC 183, the M types of SAM codes
set in the SAM registers 184.7 to 184_y. The SAM
15 detector 185 outputs the effective SAM detection
signal 186 whenever one of the M types of SAM codes is
detected.
Thus, in the first modification of the present
embodiment, the M SAM registers 184.; to 184.y are
20 provided to allow the SAM detector 185a to detect the
plural (M) types of SAM codes. Consequently, when the
HDD is utilized after a self servo write process, it
is possible to detect, as true servo data, the M types
of servo data included in the N types of servo data
25 and set in the SAM registers 184.71 to 184_y. It is
assumed that, for example, N=8, M=2, and the SAM codes

SAM#1 and SAM#2 are set in the SAM register 184._1 and
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184_-, respectively. 1In this case, of the servo data
200-1 to 200_g, the servo data 200-1 and 200-6 are
detected by the SAM detector 185a.
The self servo write process according to the
5 first modification of the present embodiment is

executed using a procedure similar to that in the
above embodiment. However, in this self servo write
process, it is necessary to use only a predetermined
one of the SAM registers 184-1 to 184-M, while

10 setting, in the remaining SAM registers, dummy SAM
codes that are not detected.
[Second Modification]

Now, description will be given of a second

modification of the embodiment of the present

15 invention. FIG. 6 shows a configuration of an R/W
channel IC 280 used in place of the R/W channel IC 18
in FIG. 1. 1In FIG. 6, components similar to those in
FIG. 1 are denoted by the same reference numerals as
those in FIG. 1. 1In FIG. 6, the CPU 21 sets a SAM

20 detection mode information in a mode register 284 via
the gate array 19. The SAM detection mode information
specifies P (a natural number satisfying O<P<N) types
of SAM codes to be detected. The SAM detection mode
information is set by the CPU 21 via the gate array

25 19. The SAM detector 285 includes a decoder 285a.
The decoder 285a determines the P types of SAM codes

to be detected by the SAM detector 285, by decoding
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register 284. The SAM detector 285 thus detects, in
the read data digitalized by the ADC 183, the P types
of SAM codes unique to a mode specified by the mode

5 register 284.

Thus, in the second modification of the present
embodiment, simply by switching the SAM detection mode
using the mode register 284, the SAM detector 285 is
allowed to detect the P types of SAM codes unique to

10 that mode. The self servo write process according to
the second modification of the present embodiment is
executed using a procedure similar to that in the
above embodiment. However, in this self servo write
process, 1t is necessary to alternately and repeatedly

15 set N types of SAM detection mode information
specifying one type (for P=1) of SAM codes, i.e.

N types of SAM detection mode information specifying
the SAM#1 to SAM#N, one by one.
[Third Modification]

20 Now, description will be given of a third
modification of the embodiment of the present
invention. FIG. 7 shows a configuration of an R/W
channel IC 380 used in place of the R/W channel IC 18
in FIG. 1. 1In FIG. 7, components similar to those in

25 FIG. 1 are denoted by the same reference numerals as
those in FIG. 1. In FIG. 7, the CPU 21 sets N-bit SAM

detector selection information in a selection register
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selection information corresponds to N types of SAM

codes. The SAM detector selection information is
composed of bits bg to by-1. The bits bg to by-1 of
5 the SAM detector selection information, set in the
selection register 384, are inputted to enable
terminals EN of SAM detectors 385_.7 to 385_y;,
respectively.
When enabled, the SAM detectors 385.7 to 385_y

10 have functions of detecting the SAM codes SAM#1 to
SAM#N, respectively. The SAM detectors 385.7 to 385_y
are enabled when their enable terminal EN has a status
of logic "1". That is, the SAM detectors 385-1 to
385-N are selected if the bits bg to by-1, respec-

15 tively, of the SAM detector selection information are
"1". In this case, the SAM detectors 385.7] to 385_y
detect the SAM codes SAM#1 to SAM#N, respectively, in
read data digitalized by the ADC 183. Upon detecting
the SAM code unique to itself, each of the SAM

20 detectors 385.7 to 385_p outputs a valid SAM detection
signal. The SAM detection signals from the SAM
detectors 385.1 to 385_y are wire-ORed, whereby the
signal obtained by the wire-ORing is used as the SAM
detection signal 186.

25 Thus, in the third modification of the present
embodiment, by setting N-bit SAM detector selection

information in the selection register 384, it is
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possible to select the SAM detector 385_;

corresponding to a bit of logic "1" contained in this
information to detect the SAM#i code. Obviously, if
only one bit of the N-bit SAM detector selection
5 information is logic "1", it is possible to detect
only one type of SAM code corresponding to this bit.
Further, if plural bits of the N-bit SAM detector
selection information are logic "1", it is possible to
detect plural types of SAM codes corresponding to the
10 plural bits.
[Fourth Modification]

Now, description will be given of a fourth
modification of the embodiment of the present
invention. FIG. 8 shows a configuration of an R/W

15 channel IC 480 used in place of the R/W channel IC 18
in FIG. 1. 1In FIG. 8, components similar to those in
FIG. 1 are denoted by the same reference numerals as
those in FIG. 1. In the third modification of the
present embodiment, the operation itself of the SAM

20 detectors 385.; to 385.y5 1s controlled by the bit bg
to by-1 of the SAM detector selection information set
in the selection register 384. In contrast, in the
fourth modification of the present embodiment, the
bits bg to by-1 of the SAM detector selection

25 information controls the input of read data to the
SAM detectors 485_.; to 485_y by the ADC 183. Thus, in

the fourth modification of the present embodiment,



y8S109%&' ()-L6 10%& ()-iijkllmXebC 1'c "10%\& ()-F. "10%& ()-F.!
"10%t& ()-F. ! "109???& ()-F.! "10%& ()-F.!

"109%&' ()-F. mFn>n?n@GCGn~nnpuS1 1!t Y"109%& ()-!Y"109%RhRh& () -

41099°& ()-m0%& ()- 10 10 10! "10%&' ()-F.p2pgrnrsnmszX6uSl
LT1IN109WZE () -m ! 1 10%HH& () - m
!82"10%&f()-!Z"lO%MUMU&'()-!Z"lO%ReRe&fL)-?"lO%iU&f()-nssssss{tpurPl

11111 109WZ! <" 109&' () - 1! T"109& () - 1nl0% & %)- 10RR 10RR 10RR! 1! 109RR& ()-m
put vvyw} x! y" y#ywU@1 1!! 10ss

1055 1005 () AL 0 L () 44008 03 MOS8, Qs vy
10%& () - MLO%EE (4 -tne ADC 183 and inputs of the SAM detectors 485_3
to 485y, respectively.
The switches 486_7 to 485_y5 are turned on and off
5 (closed and opened) depending on the logic status of
the bits bg to by-1, respectively, of the SAM detector
selection information set in the selection register
384. Thus, digitalized read data outputted by the ADC
183 is inputted to the SAM detectors 485_7 to 485_y
10 only when the switches 486.7 to 486_y, respectively,
are on. That is, the SAM detectors 485_1 to 485.y
perform a valid SAM code detecting operation only when
the switches 486.1 to 486_y, respectively, are on.
This is equivalent to the selection from the SAM
15 detectors 485_7 to 485y based on the logic status of
the bits bp to by-31, respectively, of the SAM detector
selection information.
[Fifth Modification]
Now, description will be given of a fifth
20 modification of the embodiment of the present
invention. FIG. 9 shows a configuration of an R/W
channel IC 580 used in place of the R/W channel IC 18
in FIG. 1. In FIG. 9, components similar to those in
FIG. 1 are denoted by the same reference numerals as
25 those in FIG. 1. The fifth modification of the
present embodiment is characterized by controlling

outputs of the SAM detectors 485.1 to 485_y in
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embodiment. Thus, in the fifth modification of the

present embodiment, the switches 486_7 to 486_y are

provided at the outputs of the SAM detectors 485_7 to
5 485_y, respectively.

The SAM detectors 485_-4 to 485.y regularly
perform an operation of detecting the SAM codes SAM#1
to SAM#N, respectively, in digitalized read data
outputted by the ADC 183. When the SAM detectors

10 485_1 to 485_y detect the SAM codes SAM#1 to SAM#N,
respectively, they output a valid SAM detection
signal. Only when the switches 486._.1 to 486_y are on,
the valid SAM detection signals from the SAM detectors
485.1 to 485_y pass through the switches 486_.71 to

15 486_y, respectively, and are then wire-ORed. This is
equivalent to the selection from the SAM detectors
485_.1 to 485.)5 based on the logic status of the bits
bg to by-1, respectively, of the SAM detector
selection information.

20 In the description of the embodiment and its
modifications, the present invention is applied to
an HDD (magnetic disk drive). However, the present
invention is applicable to disk drives other than the
HDD, e.g. magneto-optical disk drives, provided that

25 these disk drives comprise a disk on which servo data
must be recorded.

Additional advantages and modifications will
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readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

5 modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A disk drive in which plural sets of servo
data are arranged in a circumferential direction of
a disk, each set containing N (a natural number
5 satisfying N>1) types of servo data each including
a unique type of servo address mark and position
information, the disk drive comprising:
a composite head including a write element and
a read element which are offset from each other in
10 a radial direction of the disk;
means for specifying, in a self servo write
process utilizing the composite head, the type of
servo address mark to be detected, which is one of
N types of servo address marks included in the
15 respective N types of servo data, the specifying means
operating, every time the servo data items of the same
type, which are included in the respective sets of
servo data, are written in the disk in a circle to
switch to specification of a servo address mark unique
20 to the type of the servo data items;
means for detecting the servo address mark
specified by the specifying means, in read data read
from the disk by the read element of the composite
head and then converted into digital data;
25 first control means for operating every time,
during the self servo process, the detecting means

detects the servo address mark specified by the
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specifying means, to position the write element of the
composite head at a target radial position on the disk
on the basis of position information in servo data
containing the servo address mark;
5 second control means for operating with the write
element positioned at the target radial position on
the disk, to cause the write element to write a
corresponding type of additional servo data item in
the disk at a position offset from the position of the
10 servo data containing the servo address mark specified
by the specifying means, by a predetermined distance
in the circumferential direction of the disk; and
third control means for moving the composite head
in the radial direction of the disk by a predetermined
15 pitch every time sets of additional servo data items
are written in the disk in a circle, each set
consisting of N types of data items.
2. The disk drive according to claim 1, further
comprising means for holding the servo address mark
20 specified by the specifying means, wherein
the detecting means detects, in the read data,
the servo address mark held by the holding means.
3. The disk drive according to claim 2, wherein
the holding means includes a register which holds the
25 servo address mark.
4. The disk drive according to claim 1, wherein

after the self servo write process, the specifying
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1<M<N) arbitrary types of servo address marks included
in the N types of servo address marks.
5. The disk drive according to c¢laim 4, further
5 comprising means for holding up to M types of servo
address marks specified by the specifying means, the
holding means holding one type of servo address mark
during the self servo write process and up to M types
of servo address marks after the self servo write
10 process, wherein
the detecting means detects, in the read data,
the up to M types servo address marks held by the
holding means.
6. The disk drive according to claim 5, wherein:
15 the holding means includes M registers which can
hold M types of servo address marks; and
the holding means sets, during the self servo
write process, one of the N types of servo address
marks which is to be detected, in one of the M
20 registers, while setting dummy servo address marks in
the remaining registers, and sets, after the self
servo write process, M types of servo address marks
included in the N types of servo address marks, in the
M registers.
25 7. The disk drive according to claim 1, wherein
the specifying means indirectly specifies P (a natural

number satisfying O0<P<N; P=1 for a self servo write
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detected and which are included in the N types servo
address marks, using mode information indicative of a
mode unique to the P types of servo address marks; and

5 the detecting means includes means for decoding
the mode information specified by the specifying means
to determine the P types of servo address marks unique
to the mode indicated by the mode information, and
detects the P types of servo address marks indicated

10 by the mode information specified by the specifying
means.

8. The disk drive according to claim 7, further
comprising means for holding the mode information
specified by the specifying means, wherein

15 the detecting means detects, in the read data,
the P types of servo address marks indicated by the
mode information held by the holding means.

9. The disk drive according to claim 8, wherein:

the holding means includes a register which holds

20 the mode information; and

the detecting means detects, in the read data,
the P types of servo address marks indicated by the
mode information held by the register.

10, The disk drive according to claim 1, wherein
25 the detecting means includes N servo address mark
detectors which detect different types of servo

address marks included in the N types of servo address
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selecting one of the N servo address mark detectors
which detects the servo address mark specified by the

5 specifying means.

11. The disk drive according to claim 10, wherein
the selecting means includes a selection register
which holds servo address mark detector selection
information comprising N bits corresponding to the

10 N types of servo address marks, one of the N bits
corresponding to the servo address mark of the type
specified by the specifying means and representing
a predetermined logical value; and

each of the N servo address mark detectors is

15 selected if the corresponding bit in the servo address
mark detector selection information held in the
selection register has the predetermined logical
value.

12. The disk drive according to claim 11, wherein

20 each of the N servo address mark detectors has an
enable terminal connected to the corresponding bit in
the servo address mark detector information held in
the selection register, and is enabled if the bit
represents the predetermined logical value.

25 13. The disk drive according to claim 11, wherein
the selecting means includes N switches provided in

association with the N servo address mark detectors
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and respective bits contained in the N-bit servo
address mark detector selection information held in
the selection register, and each of the N switches
controls an input of the read data to the correspond-
5 ing servo address mark detector in accordance with the
logical value of the corresponding bit contained in
the N-bit servo address mark selection information.
14. The disk drive according to claim 11, wherein
the selecting means includes N switches provided in
10 association with the N servo address mark detectors
and respective bits contained in the N-bit servo
address mark detector selection information held in
the selection register, and each of the N switches
controls an output of a detection result from the
15 corresponding servo address mark detector.
15. A method of detecting an arbitrary servo
address mark in a disk drive which utilizes a
composite head including a write element and a read
element to execute a self servo write process for
20 arranging plural sets of servo data in a circumfer-
ential direction of a disk, the write element and the
read element being offset each other in a radial
direction of the disk, each set containing N
(& natural number satisfying N>1) types of servo data
25 each including a unique type of servo address mark and
position information, the method comprising:

during the self servo write process, specifying
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the type of servo address mark to be detected, which
is one of N types of servo address marks unique to
the respective N types of servo data;

detecting the specified servo address mark in
read data read from the disk by the read element of
the composite head and then converted into digital
data;

during the self servo process, every time the
specified servo address mark is detected, positioning
the write element of the composite head at a target
radial position on the disk in accordance with
position information in servo data containing the
servo address mark;

with the write element positioned at the target
radial position on the disk, using the write element
to write a corresponding type of additional servo
data item in the disk at a position offset from the
position of the servo data containing the specified
servo address mark, by a predetermined distance in
the circumferential direction of the disk;

every time the additional servo data items of the
same type, which are included in the respective sets
of servo data, are written in the disk in a circle,
re-specifying a servo address mark unique to the type
of servo data items, as the servo address mark to be
detected in the detecting; and

moving the composite head in the radial direction

10%.-t 109& () -F

10
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