o e3el hi$. 6Thl P(! METHOD OF WRI TI NG TRACKI NG SERVO S| &I¢fdtoiAPOBRN FOR

MAGNETI C DI SC DEVI CE FI ELD OF THE | NVENTI ON 5 The present invention rel ates

to a method of witing a tracking servo signal pattern on a magnetic disc

of a magnetic disc device for use in recording and reproducing information

with a magnetic head along a concentric information track of al661ee

~ predeterm ned track pitch on the nmagnetlc disc which is driven into a
rotation. 10 BACKGROUND OF THE I NVENTION w . r~ For nagnet’mmmq,mﬂ,mﬂw ces

. such as a hard disc device, it has been a usual practice t Mng
servo signal pattern is recorded in advance at a | eading portion in each of
a plurality of sectors provided by dividing a concentric inqmmmmﬂ' ck
in order to record and reproduce information as the concentr WW“MWMF
information track having a predeternm ned track pitch on a nmagnetggg,fi Sc.
Fig. 4 depicts an exanple of the tracking servo signal pattern. As shown, a
magnetic disc rotates in a direction of an arrow 500, and a nagnetic head
unit, which includes a reproduction-only magnetic head 12 fixed integrally
with a 3 OctSMEFHOMORWRENG AR AGKING SERAEA SIGNADVRATTERN di anetric
direction 510 of the magnetic disc. First burst signals 81 and 82, second
burst signals 91 and 92, third burst signals 10l and 102, and fourth burst
signals 110, 111 and 112 h&AORMAGNETECDIsUDEEllEnci es are recorded in
advance as tracking servo signals in.,5 respective positions, which are

separated in opposite directions with respect to each other from
centerlines 131 and 132 of the information tracks along the dianetric

FIELD OF THE INVENTION

5 The present invention relates to a method of writing a tracking servo
signal pattern on a magnetic disc of a magnetic disc device for use in recording and
reproducing information with a magnetic head along a concentric information track

of a predetermined track pitch on the magnetic disc which is driven into a rotation.

10 ‘BA;’;(::}'KGROUND OF THE INVENTION

.

For magnetic disc devices such as a hard disc device, it has been a
usual practice that a tracking servo signal pattern is recorded in advance at a leading
portion in each of a plurality of sectors provided by dividing a concentric
information track, in order to record and reproduce information as the concentric

15 information track having a predetermined track pitch on a magnetic disc.

Fig. 4 depicts an example of the tracking servo signal pattern. As
shown, a magnetic disc rotates in a direction of an arrow 500, and a magnetic head

unit, which includes a reproduction-only magnetic head 12 fixed integrally with a



,direction 510 of the magnetic disc, and are shifted fronm3awosr@0bRr in a
direction of the centerline 131 of the information track. The device is so
constructed that the reproduction-only head 12 10 reproduces each of at
teast two signals out of the first, second, third and fourth burst signals,
when recording or reproducing information. The device then records or
- reproduces the information on a predet@rmned information track by aligning
a position of the recording head 14, while controlling a position of the
- reproducdcgnapl imiieMic Bedd 18, MRS TR Blarh iRt HrbldP S10 SeHR! nhighupen the
reproduce& gﬁg%é?s 1 Kﬁgefﬂe ?eproauced %rst s?gna}s becones equgﬁ to a
pr edet er iR dpRLORRIst isRihald 3G OfiRi 89! BbAHY birdi ISISVY LAY &) @XABLR:! N
t hat infg$nagfon Pg&rggg?ﬁﬁg on or ?ep#gghcer f%gﬁ%eJ?% n?ornﬁtlon track,

wher e thﬁgﬁhl"sshot?uraﬁh %b@[‘aé%cﬁlfo%% s sgems PuLst si9nald TR aving as

positioned wth respect to the centerline 131 of the information trac

shown | NofedGtedmindlP HefiGies L ALUERRA! P alivile RUTRIcki SeBRAlsighbland the

second burst sign , and controls a position of the ghetic "head unit

ina m”f@geéthfg g}r)gsliﬁgﬁlé, QuHiBh lagY Eé&)a%tea h& dppbsite BHESGoRd GAA re8lednd bl

second burst si becones edual to a predeterm ned value, so as to

obtai n anfhaf ThdmdedfdtliNgs f1§)11ari'd,f 13D & rA6Y 1 i forirRARIOfadks b C&ﬁmetﬁf
h I'n I gnal 102

i nfornmati on on anot her ornati on track, ere the thir urst s

and the fpesddh 510 8F tit @AZheticldisé arid feRBHidd g@ﬁfioﬂ\é hRoth@s REE diretibh %g

centerline 132 of the |nfgénat|on track, the device 3 COct ober 2002
obt ai ns heN@nidHink 134 kifMBe PfofaRtied watkg the third burst signal 102 and the
fourth burst signal 111, and controlling a position of the magnetic head
unit in a manner that a ratio in reproduced signal |evel of the third burst

signal 102 and theTheudéchlissso damsthictbdl e coiresemadattiéoalyprirddt ¢2m ned
val ue. As a conventional nethod of witing the tracking servo signal

- pat tH n heptbiigodsinachioffaeleast 8o bighals outesfahe firsthiscbndp ehitdund Holrh dtirst
signals on a magnetic disc, a device called "servo track witer" designed
excl usi veignafsorwiven fdcdadingsobagrodissiflg ififamerion0 Thacdkewcs thén resedsiort he
first, second, third and fourth burst signals 81, 82, 91, 92, 101, 102,

110, 11lreprdduesdtlioinforiajtiondn al pisdetermiesd tihfornasionetrhclasyl @ligningcar di ng
and an erasing timngs of a magnetic head unit provided in a magnetic disc
devi ce wpbditianadfithe abcaddgehead 14 hwhilercontrotlirok awasitéon ofithd eeprodwdtiong t he
magnetic disc of the nagnetic disc device. A conventional nethod of witing
t he tracknhghsat V2 isiagneh mahmarthats iratjo an devel betweek the réproduedd signals
descri bed hereinafter by referring to Fig. 5. 15 Firstly, the recording
headla4 if thd tepnatided tarstasgndlohecdmesequa to atpredeerhingd propertian. be

witten, and the burst signal 81 ais witten in. Atine required for this
process is the sumof an aligning tine and a tine for the disc to rotate
for a full turn. THewsonsiderationcisdgingn meeni fou ansexampaeigr that dnfsrmatiopdsi ti on
where a burst signal 1 O1 ais to be witten, and the burst signal 1 O1 a
i s writt&ecdrded pntor geprodyoed &ignpan informatien traske vdierssthe Bt buestsignabBlt he
aligning tine and the tine for the disc to rotate for a full turn. Next,

t he r ecortifl the iseeend husst signal Ad re pogitionedt with r@fieace ta thecenteslingdBlof a i s
to be witten in the dianetric direction 510 of the magnetic_disc, .and the

burst si infprmatips tiggk; tasnshaw dn Jigi4y éEheedC‘di@ﬁargﬁédi%eﬁgthﬁ inest thusst 81b

of tEG signal 81 and the second burst signal 91, and controls a position of the magnetic
head unit in a manner that a ratio in level of the first burst signal 81 and the second
burst signal 91 becomes equal to a predetermined value, so as to obtain a normal
tracking. Or, if the device records or reproduces information on another
information track, where the third burst signal 102 and the fourth burst signal 111

25 are positioned with respect to the centerline 132 of the information track, the device



. 3 October 2002 4 already witten burst signal 81 a, A tigedtewmuni2002 f or

this process is also the sumof the aligning tine and the tine for the disc

torotate for a full turn. The recording head 14 is then aligned in a

‘posi tion where a burst signal 111 a is to be witten in the dianetric

direction 510 of the magnetic disc, and the burst signal 111 a is witten

i medi ately after demagnetizing a portgon 101b. A tine required for this

process is the sumof the aligning time and the tinme for the disc to rotate

. for af Lur i : i i i | ¥l wher e
Lﬂﬂtaltn'é a”gg&t?ﬁ“t’r%%ﬁiﬁé'b%%dﬁl Ak tird Buit ldgeﬁnd)ﬂ% £

a burst signal als Itten and a portion 'S magneti ze

procese ¥ fghEl A oARALRE EhodiBh e deinpdhdddRed R iR oy °
the- pr octet P gatie ingdhRosel Sd 18R PInnPhiFbfol (0PI fORR] N0
Por a ronteCei! M RonR el bkt gl 1o ervo track wri ter
for use in the foregoing witing nethod is very expensive equi pnent.

of Tl ci ently.  Honevar {naiORaPhE G PERFINE, MOMHRRRR shodfyiilnateft
ecor dod e B aToreototsd TR Secoil BirE AL oM by Signalsd0fkondlele . 20

SUMVARY' gikc T et i iehfitb@serve t%l@%&ex@%%iéxeﬁ%&mwaytfar MpiRSREShed the

present invention, there Is provided A nethod of witfng a tracking servo

si gnal pgdelderTh@Berdo TRAREKHiferdbesrdd e FRstC 9EdS kg hhe féﬁﬁﬁ%u?ﬁﬁsi%&ﬁ@r di ng
at least a set. of tracking servo signals in plurality of sets of Tracking

servo signaix 9anoa, MeYNeR ¢10i pA, UNdenhdeeid o@ﬁtr@llﬂ{c? 4 positida \us Geell Qs
tracking servo signals, then reproducing a set of said tracking servo

Si grid) s Virdddramigtartra e dsing) atinp8 of aundgfetiORédPlini@ fpréviddd TR Rlaisfieié SC
devi ce per se, not using said witing device for tracking sere o signals;

control | #i8g devi@s iitlPra ebnial dystemnerithe Ravdo Ufdk writer, whHBN®iatit}athé
ratio in | evel between said reproduced signals becones substantially equal
to a preghappétia did oftld fidgnefic descatdvinge. porti ons of said tracking servo
signal pattern in their recording widthw se direction with said nagnetic
head unit in the magnetic disc device per se, and recording the remainder
of tracking servo A gomventiohat aathod dfowtiting thet tracking setvé istg@tal gattern
efficiency of the servo track witer is inproved by at |east equal to or
mor e t hawmsidgatseevo tracic erittewsiébe deterdtedd heretnafter byoeftsringity Foges.set of the
tracking servo signals. Also, the invention does not necessitate any
consjderation, in particular, for utilization efficiency and so on of a
spectval equi pnent Firstly,athet tecosting dicad alk isnaligreed e aaposatiomovharackbugt ser vo
signal pattern of the other set are recorded by magnetic head units
equi ppedsignal 8ka ksmtmbe iveritdiéns andethiedsyst signale8lass widten inonAr timeofequired
control systens of the individual magnetic di sc devices thensel ves.

for this process is the sum of an aligning time and a time for the disc to rotate for a

full turn. Then, the recording head 14 is aligned in another position where a burst
signal 101a is to be written, and the burst signal 101a is written in. A time required
20 for this process is also the sum of the aligning time and the time for the disc to

rotate for a full turn.

Next, the recording head 14 is aligned in a position where a burst
signal 91a is to be written in the diametric direction 510 of the magnetic disc, and

the burst signal 91a is written immediately after demagnetizing a portion 81b of the



3 October 2002 G According to a second aspect, there is PpCotabee@0C2 net hod

" of witing a tracking servo signal pattern on a magnetic di sc device

conprising the steps of: recording at |east a set of tracking servo signals
in plurality of sets of tracking servo signals on a magnetic di sc under
control of a witing device for tracking servo signals, then reproducing a

- set of said tracking servo signals with said magnetic head unit under

control of said nagnetic disc device per se, not using said witing device

of trackipgadeivftc tgn?! sg'gn@nsh .Oﬂtt'ir%!ri:ﬁ‘%r@d fcﬁ'gt’\lj?% bifkeld isSALS tHBARRIFC

head unit under contro sal magneti c di sc per se In a manner

that a rgfd ﬁi?%rgngked’rﬁk a*ﬁgt%qnné%g theBIsBA8GRate 8P al I}bﬁfrﬁ.”%cfl-&%}cﬁﬂ%iea' 'y

equal to a pr erm ned proportion; recording redundantly at least o

tracki ngnsgq Y2 éﬂlgéﬁaalllié?ﬁhtiﬁrar?&gifiéﬁﬂﬂ{%}e_farb%'?%tas_i 11q_f1a%@'t<5ib& At @ier vo

signal in awdth at |[east a recording wdth wth said magnetic head unit

inthe ”Hw?ﬁ%ﬂg% S‘iiré&icﬁﬁgm%fgfn% rf)l&gnétﬁzcﬁfs@,i R8d 3hé rb%@égéi SCIMQ ¥ Fiflen LD

a predeterm recording w y-erasing portions of Said tracking servo

pre | asing’ por 1 |
R G A R S R R L

head uni d &, *afftﬁeangﬂfgg tghéane% BRI (BE dist6 2otk SortLRifiusn MEt hod, a

utilization er?fimenc e servo track witer is I nprove y at | east
equal to or nore than double, because only the first and the second burst

signals are recordegheaNdRs ré&ﬁﬁ[r% hehd tl'ﬂeiscgﬁéﬁ&i iﬁ)ésf)&ﬁti@ﬁ whérel? bugstvo
track water, and patterns of the third and the fourth burst signal are

recor ded siphal RO aNRUREE Grit@dtl dHd b pcifih EAAid BethAfno@adieirhmediatdly divdces
t hensel ves” under control of the control systens of "the individual " nmagnetic

di.sc devig@sng fiedbakstafignal 24X 10 0Rhe 30Q7ir&P fBREE Jb8&dl BTtheNudr offhe
DRAW NGS Fig. 1 depicts a tracking servo signal pattern recorded on a

magnt@i c afliphithgdtiien@idant itings fdrahé didc tohetdte gor #ilbturhocess in a method of
witing tracking servo signal pattern for magnetic disc device of a first

exenpl ary enbodi nent of the present invention; 3 Cctober 2002
All of the burst signals are written by repeating the process described

above. Hence, a time necessary for writing can be given by the following formula:

(aligning time + time for a disc to rotate for a full turn) x number of

burst signals

15 However, a servo track writer for use in the foregoing writing method
is very expensive equipment. Therefore, it is desirable for such expensive
equipment to be utilized efficiently. However, it hasl not necessarily been utilized
efficiently, since all of the first, second, third, and fourth burst signals are recorded

under control of the servo track writer, as has been described.

20

SUMMARY OF THE INVENTION



7 Fig. 2 depicts a tracking servo signal pattern recor de8 Qztobeh200Bagneti c
disc during a last half of the recording process and a result of the sane,
in the nethod of the first exenplary enbodi ment; Fig. 3A depicts a tracking
servo signal pattern recorded on a magnetic disc during a first half of the
recording process in a nethod of witing tracking servo signal pattern for
magneti c di sc device of a second exenplary enbodi mnent of the present
invention; Fig. 3B depicts a tracking servo signal pattern recorded on the
magnetic disc during a last half of Yhe recording process and a result of
the sanme, in 10 the nmethod of witing tracking servo signal pattern for
magneti c disc device of the second exenpl ar nbodlnent of the present

i nvent Aooordmgto anelappettofdhe presant dnvemtionathera és Beamidedpgnal pattern in a

magnetic disc deviaehal wwhrg a¥aclait Bbivo %hgﬁal?ﬁtérﬁgdﬂ%d of
witing the tracking rvo Si netrc di'sc device of
the pridnagnet IQF_%@QI B¢ epnmua PFEI—“E@?E@M@DI MENTS First exenplary
enbodi ment A nmethod of witing a tracking servo signal pattern for a
magnetic 20 digvordémipcatofleasti rasts@%e@i)lﬁraclmi@%éw& Sig riéﬂl% Wxﬁsent

[nvent o e AREE0 e el g of 1 et ]

assi gnedundersaontrel efeacevritimgadeviemdotetrackingrsafvo sighuleper 2002 8
then reproducing a set of said tracking servo signals with said
magnetic head unit under control of said magnetic disc device
per se, not using said writing device for tracking servo signals;

controlling a position of said magnetic head unit in a -
manner that a ratio in level between said reproduced signals
becomes substantially equal to a predetermined proportion;

erasing portions of said tracking servo signal pattern in
their recording widthwise direction with said magnetic head

unit in the magnetic disc device per se, and recording the
remainder-of tracking servo signals.

According to this method, a utilization efficiency of the servo track
writer is improved by at least equal to or more than double, since the servo track
writer records only one set of the tracking servo signals. Also, the invention does
not necessitate any consideration, in particular, for utilization efficiency and so on
of a special equipment such as the servo track writer because the tracking servo
signal pattern of the other set are recorded by magnetic head units equipped in the
magnetic disc devices themselves under control of the control systems of the

individual magnetic disc devices themselves.



. .themw |l be skipped. First, a servo track witer is used Géebbsrczoordi ng a
first burst signal 181 a in a width of a recording magnetic head 14 as
shown in Fig. 1 using a reproduction only magnetic head 12 and the
recording head 14, which are integrally united in a 5 predeterm ned

di rensional relation with each other, in a nmagnetic disc device under

" control of a servo track witer, during a first rotation of a magnetic disc
of the magnetic disc device, while driving the nagnetic disc of the

. magnetic disc device to rotate in a @irection of an arrow 500 using the
servo track witer in the same manner as the conventional nmethod. It then

r ecor dé\caorting talalsecend sisgael, thege improvidedadt h of 10 the recordi ng head 14

during the next : h t f recordi ng head

14 toward a d| re E gltr(llld; Xﬁt@ﬁ%& %wsﬁ?h%gﬁéﬁ%&t&&%%qwt a part
of the PE@REtHy mdeym%@anspaspngttmmepsaff the first burst signal 181
a during the rotation for recording the second burst S|gnal 191 a, so as to

erase the poféddl’mfzba@flédﬁ fdr 86 Dpf st fgq?%f B0 ! BihELay se of scan
S

in order i.rst, burst si r servo track

wi dt h. Rh‘é 4 VOO |tF§Pk?‘légo$%I§V% FENRIS R s m%raetmsdasq n a wdth
of the uademicopntireddofl4 duritiggt HeviextforotaatRingf s&Fve i ahg a position

f th bdve., Th
Gevi st BEB e ffodt @Efgé”ﬁ 8@%#‘"%@&@1?%”“&@53%928@%@%@ Rigraih 1010 of
t he secrmaignautm hei nitouader dontrel oheaidt magnetior disscdesiog the first

bur st Siggr?aét:e 1?1%% lllg% sgif xﬁﬁrfg%v]iéeeéiaﬁfécﬁ@ %%rr%oéﬁ&{?ﬂ'% of the

second urse of ‘scan as to obtalin’a second
burst sagsal 191 of t he regular servo track width. The first burst signals
181, 182, - - - and the second burst signals 191, 192,«- - - in a

predet er neéoﬁefdnlﬁ R ?@sﬁi@ncaﬁ éaﬁdacmugafe%id h@@érdaﬂt ith@épdet er m ned

pOSI tions (% nder cont r ol- ﬁer vo track
writer, CBR re%@‘itﬁw%gns 66150 OGS bEE S Bhos WARRAS thRheA magact |
di sc deyhtio | andlmnebeweemesaadtme, vodaedde s3 rméstrtmcbnmester and

the fir 191 are reproduced
by a re%%ﬁt&%ugpgéug%&?%%tﬁgﬁgﬁgﬁ}%@@&wte s own control
system Then, the_magnetjc disc_device records a third burst sigpal 201 and
a fourth burtecerding redundsnéhpat ﬁe.ast $ne trackRngheeree Gignad head 14,
uhi ch | dthbegl diffiruntiBOn A dthef ardosHeE kmgfmd/olal% aRifr gdet er mi ned
di mensi ‘i)trh aiPI to each,.ot her. ﬁn con I on, of the

r epr odudt?} IR RS Hlag a YWken both of
t he repmd&l@@dnsuggmthschscdmacew séf to a pr edet erm ned proportion, in
the simlar steps as have taken in recording the first burst signal 181 and

L?Edifé‘ﬁ?n"né’%%ﬁérﬁ b, Wﬂﬁ#@%e%e?’v{%%ﬁﬁ buré?&s.gnfgﬁ@%@ and t he

second lmloﬁﬂ‘ ngnam dith ﬁn&raﬁbﬂgo@m‘ﬁlﬂnﬁs@ §i |tra;c ng isar¥not her

pr edet eldfly %t%zﬁé&dbgﬁﬁ& trd@rdil finf 9 m%é aapl qLeg and he
)

second b st s n ot eV| sed t hat

the recd@alg lh ham 2 ac@e:erésna WAt B ibe BE WIACAWASE h of ¢ he

recor di itireesibr 4with i swid haafdrnatic rheati omitaid ﬁlimtma tic alisiche
recordi r}ﬂ%head 4 scans over a portion 201b of the third burst signal 20l a

during t VIRAPCF &Cation for recordi ng the fourth burst signal 211 a. Thus,
the recording heaﬂcé&cﬁﬁ@&@&hk%eﬂw& izontiRPdtomoéffidiendyhof thosersd agnal

writer is improved by at least equal to or more than double, because only the first
and the second burst signals are recorded under control of the control system of the
15  gervo track writer, and patterns of the third and the fourth burst signal are recorded
by the magnetic head units equipped in the magnetic disc devices themselves under

control of the control systems of the individual magnetic disc devices themselves.



,,20.201 a in the course of scan, so as to obtain.a third lapéebbeizpoal 201 of
the regular servo track width. In the sanme manner as above, the recording
head 14 erases a portion 211 b of the fourth burst signal 211 a during a
rotation for recording a third burst signal 202a, so as to obtain a fourth
burst signal 211 of the regular servo track width. The third burst signals
201, 202, - - - and the fourth burst signals 211, 212, 25 __ in the
predeterm ned servo track width can be recorded accurately on 3 Cctober

. 2002 10 predeterm ned positions by ré%bating t he foregoing steps, According
to this exenplary enbodi nent, the servo track witer records only the first
burst signals 181, 182, - - - and the second burst signals 191, 192, - -
Hence, the invention inproves a utilization efficiency of the servo track
witer by at |east equal to or nore than double, as conpared to the
conventional nethod in that the servo track witer is required to al so

11, R R QR AR THEBRAWINGS (oo 2ny” ™ °

consideration, in particular, for a utilization efficiency and so on of a
10 A h o Bur ot si G & dagts RaSEhlR RGN gt FERUSPARE By eont r o
cmbod nidRE S Rolrs PRy P g BRI Se Y o SRORGY Horwii PaplE™ °
mvent | SVt gehgat Friuel §rARg o FUPERS & s PR AR hnfodlByPOERE,

servo track wwiteg records first burst signals 381, 382, - - - and second
burst sPERENEIMNERM9%9s ~ . . on a disc, under control of the servo track
witer, in the sanme manner as the foregoing first exenplary enbodinent. In
the present 20 exenpl ary enbodi nent, however, the servo track witer
records on the disc a third burst signal 400a and a-fourth burst signal
410a at the sane tinme when it records a first burst signal 3 81 a. Atine
required for this process is the sumof an aligning tine and a tine for the
disc to rotate for a full turn. Then, the servo track witer )



8 Qctober 2002 11 records a third burst signal 401 a and 3adtewertdooRur st

signal 411 a at the sane tine when it records a second burst signal 391 a
on the disc. Atinme required for this process is still the sumof the
aligning tine and the tinme for the disc to rotate for a full tuna. 5 As a
result of the above steps, the servo track witer records the third burst
signal 401 a in such a manner that a pertion of the secondly recorded third
burst signal 401 a overlaps a portion of the formerly recorded third burst
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pat 1 or netist R, Gt BARCOF GO RRRRARE kel 1P Brlindd SL AL E R g

patterns o burst” sign ourth burs
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ot her “D&%ZKe&ﬂﬁi%ﬂ%ﬂﬁﬂPEtic di sc device reproduces the first burst signa

381 and t secon urst signal 391 with the reproduction head 12, and it
erases a portion 400b of the third burst signal 400a with the recording

head 14, while con | kN : i ti.an: I L.QN i ch a
manner thatI a rati g{%an?e\%g ¢ etsd:/vté%(ralﬂgg ﬁgﬁﬁi’ tsﬁ{a?g%?ggﬁcg%%g&gdﬁ?ﬁds ral%igomes
ot : . .o : ot
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signal 411 of a predetermned W dth by erasing a portion 410b of the fourth

bur st S!%hd‘b&én{pla&'&ﬁbodiﬂf&n%ﬁﬂ%?&s&iﬁﬁv&ﬁ‘i’d:ﬁe reproduces the first
burst signal 382 and’the second burst signal 392, and erases a portion 401b
of the third burst signal 5 402a with the recording head 14, while
controlling a posi Fi%MOﬁeﬁiB% afPeRdHplel of ﬂi‘@cﬂdn%strﬂoasigﬁﬂln?@ttéﬁﬁtinaarati 0
in level between both of the reproduced signals becones equal to a
predeterﬂhggéﬁ@ﬂgﬂqkﬁﬁ@mofﬂ@Iﬂhﬁaﬁ@agdthird burst signal 402 of the
predeterm ned width. In the same manner, the magnetic disc device obtains a
fourth burst signal 412 of the predeterm ned width by erasing a portion
411b of the 10 fouFig Sdepictssa grethod dP aritAgy thediraukiyg sefve dighaldpditers tin
signals 401, 402, - - - and the fourth burst signals 41 |, 412, - - - of
nearly t the paguetiedist dediceafitbe priackrtwi dt h can be formed on predet er i ned
positions by repeating the foregoing steps. The descri bed net hod may
occasionally produce a gap 15 between, for instance, the third burst signal
402 and the fourth burst signal 411 in a dianetric 15 direction of the
disc, due to an interrelation between a wdth of the servo track and a

wi dth of the recording nmagnetic head. However, this gap 15 does not pose a
problem for AYEGGRAPFLONOF THREREFERREREMBODIMHENTS t han t ho
wi dth of the reproduction head 12. The gap 15 can be reduced even farther
by making the width of the recording magnetic head closer to two thirds of
the width of the servo 20 sk eXeRIANRY,EMBOUIMERLr records the first
burst signals 381, 382, - - - and the second burst signals 391, 392, - - -

as well as the third burst sjgnal patterns 400a, .401 a, - -.- and the
fourth burst signat ﬁ’é@é‘@ér&fj WIHAS & fHRCEING SeIvo Sd%’%'gp%tf&fén@éoﬁ PRagEStigt t he

recosdi nq.tracks, also.with this exenplary enbodi nent. Si.nce final. fornms of
5 disc aexlrﬁce of a first exemplary embodintent ot gne present mventgon will be

described by referring to Fig. 1 and Fig. 2. All structural elements that are identical

3

to those of the prior art are assigned the same reference numerals, and description of



, 3 October 2002 13 the third burst signals 401, 402, - - 3 Qctdbér®®@0R0ourth
burst signals 411, 412, - - - are forned by taking an erasing step with the
magneti ¢ head under the control of the individual nmagnetic disc devices
control systens, the invention does not necessitate any consideration, in
particular, for a utilization efficiency and so on of a special equipnent
such as the servo track witer. Hence, gt inproves the utilization
efficiency of the servo track witer by at |east equal to or nore than
. doubl e. rR exenpl ary enbodi nents of the present invention,

t he burs{ E?gﬁ%%g %gagﬂgeen descri bed taki ng exanpl es having one set or two
sets. These are, however, not restrictive. Rather, any plural nunber of the

burst signals 10 "?stﬁ%%ursfrg fﬁ%@&%ﬁé&r&k i iRY bkt gl 48141 N0

at | east one set o S|gna s anongst pluraf series o

si gnal s p‘lo{x 'Gwéthté %é&gd nganﬁ;cfbnﬁéad"M 4 BSoWA A gi?%,stéur 1 gsasil%&)%&Fle?lotllr ack

writer, |OMBd recor |ng e rest ol unrecor nal s anongst

the pl .Ufeial Scrégﬁéu@ileé’d’ Qta 91@31165 +é‘h§a5’qgfn%$ﬂleh hea C}Eg&'llggl%ﬁtédﬂ'nf

magnet i c evi ce un e COﬂ t he’ magneti c ce s %5 own

cont | - 5ysiofniA AR 1&91 %awag{%%wgﬁauf&@h deFddepe

present tnvention een scr the 'servo track wiiter, ei ng
an expen deyi,C i h e r | s,
or 20 thib%“??ls?i’ 5 %Wﬁ?@%“?ﬁ”ﬁ%mst ngﬁf}F P EAch Al S

si gnal agﬁéﬂé Rt dvinée, T ﬁ‘nﬁi'é& loSthe $hAPMRY ciﬁéé &1 the @5%5&1&&58’&%@1%@?9 line

al ong the ecor |ng tradks of t first —an secon st signa

Hence, t mate%edﬁafrealdm 8Y 830 540 hélﬁgfthQQeﬁBfﬁéer@ﬁi’er% thggan%e rrl\fé?fu#e'i‘a(:k

witer by at |east equal to or nore than double. Since final forns o
third bupgtheSéfRRhBoRMnbMRJl Qv iddh RUbREs éé&%ﬁh%lﬁ‘ﬁt%%@% 1"@daly a wﬁitf%thber

2002 14 taking a recording step or an erasing step us i ndi vi dual

magnd i cygd §ébo§|83‘ﬁlgcﬁj§ad QW&W%é %eﬁ?é‘éﬁnohh%ﬁbf‘\%ﬁhgﬁl Q%’%ltﬂﬁ{ of the
necessitate any consideration, in particular, for the utilization

effici en?ébo@d'ﬂﬁ a‘él”143ft0\@aﬁp§(iilﬁctléﬁLbeeﬁ?H%roW@hO ASTHhetldd & 56 Aelkisedli ter.
Accordingly, e invention advances stream ining of a manufacturing process

of the nmegel g&t(ﬂﬁtﬁe%b’bﬁﬁﬁg head 19o§dank RlpeRidO 1816 @Fubik i firdt birst kgdal cost .
3 October 2002 15 CLAIMS 1. A nethod of witing a tracking servo signal
pattern 0814 duBiggetheGotlitin fieecerdingitid Sédumd hasstignal 091a, so as to erase

the portion 181b of the first burst signal 181a in the course of scan in order to obtain

15 a first burst signal 181 of a regular servo track width.

The servo track writer records a first burst signal 182a in a width of
the recording head 14 during the next rotation after changing a position of the
recording head 14, in the same manner as above. The method is so devised also that
a part of the recording head 14 scans a portion 191b of the second burst signal 191a

20 during the rotation for recording the first burst signal 182a. The recording head 14
erases the portion 191b of the second burst signal 191a in the course of scan, so as
to obtain a second burst signal 191 of the regular servo track width. The first burst
signals 181, 182, - - - and the second burst signals 191, 192, - - - in a predetermined
servo track width can be accurately recorded in predetermined positions on the

25 magnetic disc, under the control of the servo track writer, by repeating the foregoing



,recording at least a set. of tracking servo signals in plaQabobén2002 sets of
tracki ng servo signals on a magnetic disc under control of a witing device
for tracking servo signals, then reproducing a set of said tracking servo
signals with said magnetic head unit under control of said magnetic disc
devi ce per se, not using said witing device for tracking servo signals;

" controlling a position of said magnetig head unit in a manner that a ratio

in |level between said reproduced signals becones substantially equal to a

) predeterg%&fd proportion; erasing portions of said tracking servo signal
pattern ‘heir recording widthwi se direction with said nmagnetic head unit

in the magnetic dISC devi ce per se, and recording the remainder of tracking

servo sianals. 2 AnShARl aNE (g B ARAGHAEE HALE R PRI R, O 2

magneti c disc deV|ce co Si ng the steps reco g ar a se

tr acki gy saf hicak OB Sk Bt W' dindll 1 8P18,00tnd! EAHHBURETYB AT B9Els5, on 2

magnetic under co i ng device SErvo S|gnals

t hen rep%&gg&%@g @eggégx%duéﬁ‘bxg HERRGS! Withific %ﬁgﬂ@% p’b%@assabxg coRtpFt ober

2002 16 nit un contro isc eV|ce per

S€, . Hefl, We da gceécfjfsg %egf‘cetrE@tﬁlja's %Qhﬁﬁrb\ﬁ?s egﬁ‘ﬁ'ﬁn %ﬂpo fouﬂh

cont roI | 1"ng~a" position of sai netic unit ontr sai d

ropr oducel L sREY 2FE Ao R 7 f*’?ﬁ?‘%g‘aﬁ% ‘?%h%gdp“ﬁul”?‘\é‘?*rﬁswﬁéémﬁysa' ’
Pr OPOT t i Giscd SAR K Sof SAHORANHoNd A hPAShroBRAGK UMoISENS Al

pattern erent a set o Sal I nNg servo signal I1n aw at

| east a pegpPLHidg vé’l‘hgalt Boma{angaﬁdpwtdfcth%e@rmﬁdm hbhe df‘?fiﬂestdcﬁ 5“ s¢

device pér se; recording a i'ng servo sign a predet er mned

recordi ”91 affnelf ﬁlal?ﬁlexgl"u%%’l%vé’loﬁ twWeRs tfh BitHe Yoot E%h&fé BdHhs Qfaf " N,

redundantly recor inawd equal to or greater t recordi ng w dth
in ti@ir e Medt Hrtdpd ‘ﬁct‘h ok RietRi 4b TR EBIKeR hf thg the
nmagnet i ct({d?gﬁ gée@ﬁge ege ﬂl(%“ 1Theb ad of writing aet rlae%gﬁgms rvg

si gnal pﬁ}ét‘-’tfu‘i‘st%'i% ) rmnﬁid Haedée%BnQ%Ylké%"sl?&flqm' NPhd @hl‘r‘d Btht %1grﬁﬂ’@9'i' i$i ng

the steps of: sal racking servo signal burst signal having a

predet er fj Q%‘i‘edét&%%%)bosﬁ% %ﬁ%?ﬁéc‘t Rt AR '&kﬁ%l@ﬂalsl%ldaﬂﬂiﬂfé%CBn@ead
unit under control of said witing device for tracking servo signals;

recor di Ngyst Ei@n’éﬂjl@}' rfid thedoatth Fb%}ét%lgha@ml 35 f@&ﬁdtﬁe@ﬁeﬂbteﬂﬂx@&i Gatibger n
respectively in a width at | east a predeterm ned recor di ng w dth when

recor di ng,ifAted édtrtétthé)ﬁfs%usst&@{alqlsd anditHe S8cHIbRYE Siknal mI ; reproduci ng
said first burst signal and said second burst 3 COctober 2002 17 signal
with said magnetic head unit in the nmagnetic di sc device per se; and
cont}dl ling a posi Th @thaf weeds thagnthod iheadiaviied thadelie ecovrdivig héads it d
magneti c di sc device per se in a nmanner that a ratio in | evel between said
r epr oducegtokrds 8 tthipd batstsigrd20dadn aeenithl off thistecording helad deindsrisg kst firsti al | y
equal to a predeterm ned proportion, recording said third burst signal and
sai d f ourdthtibny and degreapantiofthe recardrigeherdddl scanpodema portidd 20¥b exfatheng
portions of said third burst signal pattern and said fourth burst signal
pattern ihird berst siggad 20il agluningt theirest chtation ifonresordingahe fowgh durst shgred uni t
in the magnetic disc device per se. 4. The nethod of witing a tracking
servo si @hdh. Thusethe eooalinpbeed i1d aass tHe porkom20db difrthe third barstfsighai ns 1
t hrough 3, wherein said tracking servo signals are recorded by using said
magné? i c 2héadn uhe tconfsenbf séan, socasdtongbaimththind binst dignab6i of thecteigatarof
said magnetic disk is 2/3 of the servo track w dth.

servo track width. In the same manner as above, the recording head 14 erases a

portion 211b of the fourth burst signal 211a during a rotation for recording a third
burst signal 202a, so as to obtain a fourth burst signal 211 of the regular servo track
width. The third burst signals 201, 202, - - - and the fourth burst signals 211, 212, -

25 . _ in the predetermined servo track width can be recorded accurately on
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so on of a special equipment such as the servo track writer, because patterns of the

10 third burst signals and the fourth burst signals are recorded by control systems of

individual magnetic disc devices by themselves.

Second exemplary embodiment

A method of writing a tracking servo signal pattern for a magnetic
15 disc device of a second exemplary embodiment of the present invention will be

described next by referring to Fig. 3A and Fig. 3B.

A servo track writer records first burst signals 381, 382, - - - and
second burst signals 391, 392, - - - on a disc, under control of the servo track writer,
in the same manner as the foregoing first exemplary embodiment. In the present

20 exemplary embodiment, however, the servo track writer records on the disc a third
burst signal 400a and a fourth burst signal 410a at the same time when it records a
first burst signal 381a. A time required for this process is the sum of an aligning

time and a time for the disc to rotate for a full turn. Then, the servo track writer
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when it records a second burst signal 391a on the disc. A time required for this

process is still the sum of the aligning time and the time for the disc to rotate for a

full turn.

5 As a result of the above steps, the servo track writer records the third
burst signal 401a in such a manner that a portion of the secondly recorded third
burst signal 401a overlaps a portion of the formerly recorded third burst signal
400a. Also, it records the fourth burst signal 411a in such a manner that a portion of
the latterly recorded fourth burst signal 411a overlaps a portion of the formerly

10 recorded fourth burst signal 410a. The above steps make the third burst signals and
the fourth burst signals as continuous patterns recorded along a diametric direction
of the disc. Further, the overlapping third burst signal and the fourth burst signal
are recorded with their phases being in coincidence with those of the formerly

recorded third burst signal and the fourth burst signal.

15 Subsequently, the magnetic disc device is disconnected from the servo

track writer, and the recording head 14 erases unnecessary portions of the
continuous patterns of the third burst signal and the fourth burst signal under the
control of the magnetic disc device’s own control system, so as to obtain a third
burst signal and a fourth burst signal of a predetermined width. In other words, the
20 magnetic disc device reproduces the first burst signal 381 and the second burst
signal 391 with the reproduction head 12, and it erases a portion 400b of the third
burst signal 400a with the recording head 14, while controlling a position of the
reproduction head 12 in such a manner that a ratio in level between both of the
reproduced signals becomes equal to a predetermined proportion, thereby obtaining

25 g third burst signal 401 of a predetermined width, as shown in Fig. 3B. In the same
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predetermined width by erasing a portion 410b of the fourth burst signal 411a.

Also, the magnetic disc device reproduces the first burst signal 382

and the second burst signal 392, and erases a portion 401b of the third burst signal

5 402a with the recording head 14, while controlling a position of the reproduction
head 12 in a manner that a ratio in level between both of the reproduced signals
becomes equal to a predetermined proportion, to obtain a third burst signal 402 of

the predetermined width. In the same manner, the magnetic disc device obtains a
fourth burst signal 412 of the predetermined width by erasing a portion 411b of the

10 fourth burst signal 412a. Accordingly, the third burst signals 401, 402, - - - and the
fourth burst signals 411, 412, - - - of nearly the predetermined servo track width can

be formed on predetermined positions by repeating the foregoing steps.

The described method may occasionally produce a gap 15 between,

for instance, the third burst signal 402 and the fourth burst signal 411 in a diametric

15 direction of the disc, due to an interrelation between a width of the servo track and a
width of the recording magnetic head. However, this gap 15 does not pose a
problem for practical purposes, since it is comparatively smaller than the width of

the reproduction head 12. The gap 15 can be reduced even farther by making the

width of the recording magnetic head closer to two thirds of the width of the servo

20 track.

The servo track writer records the first burst signals 381, 382, - - - and
the second burst signals 391, 392, - - - as well as the third burst signal patterns 400a,
401a, - - - and the fourth burst signal patterns 410a, 411a, - - - along extended lines

of the recording tracks, also with this exemplary embodiment. Since final forms of
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the third burst signals 401, 402, - - - and the fourth burst signals 411, 412, - - - are
formed by taking an erasing step with the magnetic head under the control of the
individual magnetic disc devices’ control systems, the invention does not
necessitate any consideration, in particular, for a utilization efficiency and so on of a
5  special equipment such as the servo track writer. Hence, it improves the utilization

efficiency of the servo track writer by at least equal to or more than double.

In the foregoing exemplary embodiments of the present invention, the
burst signals have been described taking examples having one set or two sets.
These are, however, not restrictive. Rather, any plural number of the burst signals

10 may be recorded on the magnetic disc, by first recording at least one set of the burst
signals amongst plural series of burst signals with a tracking servo signal writing
device such as a servo track writer, followed by recording the rest of unrecorded
burst signals amongst the plural number of burst signals with a magnetic head
equipped in the magnetic disc device under the control of the magnetic disc device’s

15 own control system, as needless to mention.

INDUSTRIAL APPLICABILITY

In the present invention, as has been described, the servo track writer,

as being an expensive device, records only the first and the second burst signals, or

20 the first and the second burst signals as well as the third burst signal patterns and the
fourth burst signal patterns along an extended line along the recording tracks of the
first and the second burst signals. Hence, the invention improves a utilization

efficiency of the servo track writer by at least equal to or more than double. Since

final forms of the' third burst signals and the fourth burst signals are formed by
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YAO%K (gw%(ygh(%o/%lé )hesddg’o(&g‘ ifvéntion does not necessitate any consideration, in

particular, for the utilization efficiency and so on of a special equipment such as the
servo track writer.  Accordingly, the invention advances streamlining of a
5  manufacturing process of the magnetic disc devices, and contributes to a reduction

in their cost.
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CLAIMS

1. A method of writing a tracking servo signal patternon a
magnetic disc device comprising the steps of:

recording at least a set. of tracking servo signals in
plurality of sets of tracking servo signals on a magnetic disc
under control of a writing device for tracking servo signals,
then reproducing a set of said tracking servo signals with said
magnetic head unit under control of said magnetic disc device
per se, not using said writing device for tracking servo signals;

controlling a position of said magnetic head unit in a
manner that a ratio in level between said reproduced signals
becomes substantially equal to a predetermined proportion;

erasing portions of said tracking servo signal pattern in
their recording widthwise direction with said magnetic head
unit in the magnetic disc device per se, and recording the
remainder-of tracking servo signals.

2. A method of writing a tracking servo signal patternon a
magnetlc disc device comprising the steps of:

recording at least a set of tracking servo signals in
plurality of sets of tracking servo signals on a magnetic disc
under control of a writing device for tracking servo signals,
then reproducing a set of said tracking servo signals with said
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magnetic head unit under control of said magnetic disc device

per se, not using said writing device of tracking servo signals;
and

controlling a position of said magnetic head unit under
control of said magnetic disc device per se in a manner that a
ratio in level between said reproduced signals becomes
substantially equal to a predetermined proportion;

recording redundantly at least one tracking servo signal
pattern different from a set of said tracking servo signal in a
width at least a recording width with said magnetic head unit
in the magnetic disc device per se; i

recording a tracking servo signal with a predetermined
recording width by erasing portions of said tracking servo
signal pattern, redundantly recorded in a width equal to or
greater than a recording width, in their recording widthwise
direction with said magnetic head unit in the magnetic disc
device per se.

3. The method of writing a tracking servo signal pattern
on a magnetic disc device according to claim 2, comprising the
steps of:

said tracking servo signal is burst signal having a
predetermined frequency; and

controlling a position of said magnetic head unit under
control of said writing device for tracking servo signals;

recording a third burst signal pattern and a fourth burst
signal pattern respectively in a width at least a predetermined
recording width when recording said first burst signal and said
second burst signal,

reproducing said first burst signal and said second burst
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per se

controlling a position of said magnetic head unit under
control of said magnetic disc device per se in a manner that a
ratio in level between said reproduced first burst signal and
second burst signal becomes substantially equal to a
predetermined proportion,

recording said third burst signal and said fourth burst
signal with a predetermined recording width by erasing
portions of said third burst signal pattern and said fourth burst
signal pattern in their recording widthwise direction with said
magnetic head unit in the magnetic disc device per se.

4. The method of writing a tracking servo signal pattern
on a magnetic disc device according to one of claims 1 through 3,
wherein said tracking servo signals are recorded by using said
magnetic head unit of which recording width in the diameter
direction of said magnetic disk is 2/3 of the servo track width.



