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S| GNAL PATTERN FOR MAGNETI C DI SC DEVI CE FIELD OF THE | NVENTION 5 The
present invention relates to a nethod 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 al ong a con
information track of a predetermi ned trck pitch on the magngnmm mmmmmﬂ
is driven into a rotation. 10 BACKGROUNG OF THE | NVENTI ON , 6M
di sc devices such as a hard disc device, it has been a usual prac Ee t hat
a tracking servo signal pattern is recorded in advance at aﬂw H ion
in each of a plurality of sectors provided by dividing a co m ”W”Mlm
information track, in gorder to record and reproduce information,
concentric 15 |nfornat|on track having a predetermned track pitc on a
magnetic disc. Fig. 4 depicts an exanple of the tracking servo signa
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 i nt egMETHODtOF 3VRIBINGt PRAICKING SERFEOSHHNA L PNIEEERNhead 14,
noves in a dianetric direction 510 of the magnetic disc. First burst
signals 81 and 82, second burst signals 91 and 92, third burst signals 101
and 102, and fourth burst sFORAMAGNETH1DISGDEVIOEvi ng predet er m ned
frequencies are recorded in advance as tracking servo signals in respective
positions, which are separated in .opposite directions with respect to each
other fromcenterlines |31 and |32 of the information tracks along the
(dlanetrlc

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 'B%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 fromdQetohan20R% 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

* least 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 predete& nmined information track by aligning
a position of the recording head 14, while controlling a position of the
r epr oductdcordinkymagaeticl Bead 13, sH6VesTiNBediahittiic difedtion 510 lofMit MgEN&GRN the
reproduced signals 15 of the reproduced burst signals becomes equal to a
pr edet er gisaedFREOBAfst APnald F108AH BY, addcONd | Furst ¥ipMalow1f sid a0, qiRAhRst N
that information is recorded on or reproduced from an !nformaflon track,
where t h@igthsStldluraifd sigmalandl faneh t B_ﬁrs%e%}%ﬁqwuﬂfﬂ, 319nahd9l12r daving
positioned with respect to the centerline 131 of the information track, as
shown i npfdditedminb® FepicntidseRcOtitorded i ddvante iy tackihgS k&Rl sighaRnth t he
second burst signal 91, and controls a position of the magnetic head unit

ina m”P&beEﬁ'@é p@si'ti@hé,%vhﬂ:h' zﬁ\é%lepﬁ&faté&& .ébﬁééiteb&ifédtio?is%ﬁh r@épe%ﬂ‘i’o ehéh
second burst sighal 91 ‘becones equal to a predeterm ned value, so as to

obt ai N aofrBbm! E&ft&RRs 31 ahd 130CoHEN ?xﬁ‘oiﬁﬁﬁbﬁstré&ksr@@hg%éecﬁametﬁc
information on another information track, where the third blrst signal 102

ahd t he_ HaeEtibn BYO tﬁé efié Hi.«?e? afd %ré’%iif’lfeid%@lﬁ e ShdtBEPRCA direclidyeof
centerline 132 of the information track, the device 3 Cctober 2002 3

obt ai ns  ghd&ddtBHine’ BrKb e AN ARItRAUSAG)Y 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 the TiaurdeRideuistsosicanstiuctdd thatahesreptodbctich-anlyr ¢ded et ned
val ue. As a conventional nmethod of witing the tracking servo signal
patt&®n hepriodgcéheachf of st-lagsted of signdls oaeobuss fitst] sedtondgttindiand fourtls burst
si.gnals on a magnetic disc, a device called "servo track witer" designed
excl usi velighalgrwhen trecgrdivgs opaeprodueihg Tiforsativn. t The kdemicd éierr esoordss ot he
first, second, third and fourth burst signals 81, 82, 91, 92, 101, 102,

110, 111 repirbduaesl the informatiomnonod |prodetarmusid informsatior| tracls byOahgniagoadi ng
and an erasing timngs of a magnetic head unit provided in a magnetic disc
devi ce wipolitiorcofitheoteceydingrheati 14)evkide controHirg awpiosigion efiHeerapooditdation-t he
magnetic disc of the nagnetic disc device. A conventional nethod of witing
t he tracliniy hsed @ &i geath penner thatsd regicairs bevieb betwiedn the teprodwdedd signals
descr%bed hereinafter by referring to Fig. 5. 15 Firstly, the recording
head124 iof the reproduced buyst signatsbacones equal te e predptermiedproportisnhe

witten, and the burst signal 81 ais witten in. Atine required for this
process is the sumof an aligning time and a tinme for, the disc to rotate
for a full turn. Thanconsiderplienigigigemasy far pg enampledn; thahAsformationsist i on

where a burst, signal 1 O1 ajs to be witten, and. the _burst. signal a
is Wi ttgﬁmpr,ql_edp% pmpp@@}queﬁom an glformation track, where the leI'St burs% s?gna%%J[

and the second burst signal 91 are positioned with respect to the centerline 131 of
the information track, as shown in Fig.4. The device reproduces the first burst
20 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



+ 20 for this process is also the sumof the aligning tine a0itdhee2002re for

the disc to rotate for a full turn. Next, the recording head 14 is aligned
in a position where a burst signal 91 ais to be witten in the dianetric
~direction S 10 of the magnetic disc, and the burst signal 91 a is witten
I medi ately after denmagnetizing a portion 81b of the 3 Cctober 2002 4 5
10 already witten burst signal 81 a. Atine required for this process is
al so the sumof the aligning time and the time for the disc to rotate for a

bur st gigiisa pRERE vl Gy HploBub B R R GysP sltaP Tk S MGGy, | o
it LI RIERTSTRL T S e R L VA
o e Sl WP e L e S S D A bt
o2 s Byt gt T BB e R TR, 720 ot at el y after

of the aligning time and the tinme for the disc to rotate for a full turn.
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servo tragke¥rat &, 133, 183, PFE1198372 hRE %o on PR trSHink TrpbNHENHs bt as

10 a recording and an erasing timings of a magnetic head unit provided in a magnetic

disc device with a control system of the servo track writer, while rotating the

magnetic disc of the magnetic disc device.

A conventional method of writing the tracking servo signal pattern

using a servo track writer will be described hereinafter by referring to Fig. 5.

15 Firstly, the recording head 14 is aligned in a position where a burst
signal 81a is to be written, and the burst signal 81a is written in. 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 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 Cctober 2002 5 According to one aspect of the present i hOetebpo202 here i s
provided a nmethod of witing a tracking servo signal pattern on a nagnetic
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 disc under control of a witing device for tracking servo signals,
. then reproducing a set of said tracking4servo signals with said nagnetic
head unit under control of said magnetic disc device per se, not using said

Wi ting Geadg vidfted bardtisiithat 8140 &itﬂx'?@l'ct%iuifé?l”fdr%isi P cBsPR:AES i Alm ' d

magnetic head unit in a mahner that a ratto in [ evel between sal

reproducqfe %ﬁigﬂﬂ{%itiﬁﬁzcm%héﬂﬁﬁi fSH 1l di¥c 894Btaté Poa RUAIRHET ni*t{befkcording .
prOpOI’f[I on; ) e as! g p_OI’tI o_ns 0 ) sal f[raCkI ng _servo Sl gn_a pattern 1IN h_GI r
fecor di Ngh oAt 444 Rién thﬁ&a iR g%&{b;ﬁ@héréf&ﬁﬂg%'sﬁ%@?quw to b8 vl RARR!L | C
i sc device per se, and recording the remnal nder tracki ng servo signals.
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Al so, theinven oes n e any consi
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set are recorded by magnetic head units equi pped in the nmagnetic disc

devi ces thensel ves I 110 : of t : i.ndi I
magneti c di sc devi ngg@hgﬁsgﬁ[c@gélpg héﬁoégggeérl%b%ﬁ%%@%%{rlgﬁ %hétn% %\Hgg%%nd
aspect, t ' [ | { loi1Ro; ' S i
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Servo of gafae oGl QieaR (Rt HRyT: riyRtel o Iy RroBRistisOlhe fRRG 0 the

t racliOng 1 i i-d tracking servo
signal s vﬁﬁﬁl@%l g ng{é%gﬁgﬂﬁefgg%ﬁlﬂitéegﬁggrﬁtezgﬁtfglpgifgéai d magnetic disc
device per se, not using said witing device of tracking servo signals; and
<. controlling a pogit meeoﬁuﬁﬂbiénﬁﬁgﬁ%tWﬁttBﬁ@ gb?iehﬁﬂg(iﬁé pEaYEss des@iberpl d

magneti c di sc device per se in a nmanner that a’r o in level between said
r epr oducegbciied Taéscd) AARAB hecessHBs Faiithy af Bergiveh Byahs felswaigTorathla:
proportion; recording redundantl’y at | east one tracking servo signal
pattern different ‘froma set of said tracking servo signal in a wdth at
| east a recordi ng Walighitg timé ai tineefpret disctoadtataifor anfullnirnpgnaimberdo s c
devi ce per se; recording a tracking servo signal with a predeterm ned
r ecor di ngowystlsignhls er asi ng portions of said tracking servo signal pattern,
redundantly . recorded in a width equal to or greater than a recording
width, in their recording widthwi se direction with said magnetic head unit
in tHe magnetic di sHaweverpa servosizacksuriterforgusednt the foragaingl writing metlrat i on
efficiency of the servo track witer is inproved by at |east equal to or
nor e t hanisdoety egxpensivgs equipmentne Therafornditt ke destreble Har ssuchi grpensive e
recorded under control 'of "'the control system of the -

equipment to be utilized efficiently. However, it has 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



_servo track witer, and patterns of the third and the fou?g‘ftobﬁFgQO%ignal
are recorded by the magnetic head units equipped in the magnetic disc

devi ces thensel ves under control of the control systenms of the individual
magneti c di sc devi ces thensel ves. . ~ 3 Cctober 2002 6a BRI EF DESCRI PTI ON

OF. THE DRAWNGS 20 Fig. 1 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 nagnetic disc device of a

first exenplary enbodi nent of the pré%ent i nvention; 3 COctober 2002 7

Fig. 2 depicts a tracking servo signal pattern recorded on the magnetic

disc during a last half of the recording,process,and a,result of the sane,
in t he ARSOKAIAIIP anecashads of 83@%8&(\9'@9885%@&@ 'W@V'@ﬁeﬁepi cts a tracking
servo signal patt giatlied OTaQeitineaa mraeking §615¢o @E‘ghﬁgﬁtftbfﬁtoﬁadf of the
recordi ngﬁgrocegssdén a, net hod of \NI’JtII% tré&;‘%n?. servo signal pattern for
magnet i c TAREECHGi @Ccﬂeva}%e‘ffﬁﬁ@réﬁ%lg@ys 8tnent of the present
invention; Fig. 3B depicts a tracking servo signal pattern recorded on the
magneti ¢ di scrdoording béstlehstf aofsgtheofr nackiing nsowesssangals rgsul t of

t he sane,.qi } % 41 d 11 acki ervo_signal pattern for

magnet i cp(}?‘ls%g g‘é{/l ?egﬁ meeéaem %&f%ﬁ gigﬂgﬁoé#n%n@?ﬁ& g#%%ent

i nvent i otineey. cantieydi of saawriting| device farktracking csarvmatigmetlsern in a
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 tr.acking 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 uni’ts equipped in the
magnetic disc devices themselves under control of the control systems of the

individual magnetic disc devices themselves.



.-magnetic disc device of the prior art; and Fig. 5 depicts3Ddstidr@00Df
witing the tracking servo signal pattern in 15 the magnetic disc device of
the prior art. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First exenplary

" enbodi nent A method of witing a tracking servo signal pattern for a
magneti c 20 disc device of a first exenplary enbodi nent of the present
invention wll be described by referring to Fig. 1 and Fig. 2. Al
structural elenents that are identical to those of the prior art are

assi gned the sane reference nuneral s,6 and description of 3 Cctober 2002 8
themw || be skipped. First, a servo track witer is used for recording a
first U\{rcdrdisuggoaal sdddhdeaspech, Wt'ed;lsm‘bvmiedqpordi ng magneti c head 14 as

shown in Fig. nan netic.head 12 and the recording
head 14, -whi ch aﬁéfﬁ?@ﬁriﬁ 531(’:1#3 SSQGpVVéH@%%?ﬁfﬁ)@é terReR fonal

rel atloma/guietea sot Lcelaomprmmgltheokstep@leﬁl ce under control of a
servo track witer, during a first rotation of a nagnetic disc of the

t dis I t d f th t di
devi ce to 1 i daragsy ﬁf‘ﬂ' é%??%'nﬁb%%gn%%r %%S%b%usé%c?h@gg%l%?q?fatﬁ
witer o sebmel tacliang serso stgaal srmmoaj)mlagnémo diswords a

d 1 d th
ﬁii?”rog‘*%‘?%ﬁ%ﬁf??%?l %ﬁaﬁgmﬁ%"d@% By e aé.lﬁ’g heéaﬁiﬁ founrd o
di recti §HCE YERTY 18.56the l%‘tlaotcra g gevvecsignals widaraaick t he

recordi mﬁalgftﬁ@hé%éﬁdnﬁnat nmdeﬁrcdr&;kbl%f sabdfmra@gn@umdlw degicd 8l a
during the raotatio 191 3,

|
er ase t eS8 1t iBEoPaThaVHHE HaViEe ot gRACKisE SoTo HErla ce of

scan i ngyder to obtain 15 a first burst si gnal 181 of a regular servo
track width. The servo track witer records a first burst signal 182a in a

wi dth of the r r e ging a
position of t%glct&rg?&% Ir%‘g?ﬂ)esigm%g ding'a?ﬁ xﬂ"@ggrée{r‘?&ﬁf gs&éww@ e met hod
is so deorawlotsaidanagpeic disq deviee pen 5§ Ha & rmrsrmhb atprtion
the fir e e e B o L 8 on 1016
of the S3BS 95512 8‘?%9@131'?143%3@6%&;9]38?0&]&9% so as to obtain a
second burst signal 191 of the regul ar servo track width. The first burst
si gnal s 181, ¥®drding reduhddmtleatnledst martgaakmg%er\a@%lgnal in a

pr edet er. eﬁéjjt edi;% w]gt s edeterm ned
posi ti oré%l l; %g{: 5{] S%%nop a"ia eﬁg‘gn ﬁ%wfo E %ﬁésle%o&t rack
writer, wy dtbp @‘atleagtta]e‘emr gn*g'l W1th sal magnetlc head unit

in the magnetic disc device per se;

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.

According to this method, a utilization efficiency of the servo track
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  servo 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.



3 Cctober 2002 9 steps. The magnetic disc device-is di scoBQsgétd 2002
thereafter, fromthe servo track witer, and the first burst signal 181 and
t he second burst signal 191 are reproduced by a reproduction head 12 with
- the magnetic disc device's own control 5 system Then, the nagnetic disc
device records a third burst signal 201 and a fourth burst signal 211, as
shown in Fig. 2, with the recording head 14, which is integrally united
with the reproduction head 12 in a predeterm ned di nmensional relation to
each other, while controlling a positf8n of the reproduction head 12 in
such a manner that a ratio in | evel between both of the reproduced signals
becones equal 10 to a predeterm ned proportion, in the simlar steps as
have taken in recording the first burst signal 181 and the second burst
signal 191. The third burst signal 201 is in a predeterm ned position with
respect to the first burst signal 181 and the second burst signal 191, and

the fourth burst signal 211 is in ' n%gh determ ned position with
respect to the fiBégIElFr &Eg%ﬂ"ﬁg@ n‘ert ﬁﬁ&&ﬂ&mlw& gnal 192. 15
In other words, the nethod is so devised that the recordirig head 14 records
athird burst signal 201 a in a width of the recording head 14 during the
first rotation, artigthaiepictpdrfraghingieryesigngl pattemarconded ane magnetic
portion 201h of the third burst sigpnal 201 a during the next rotatiaon for
recor di Atfor feripg Enstohaldtolsthgnegeopding praggss 1 pemethest @inyrifiagdrackiagases
the portion 201b of the third burst signal .2Q 201 a in the_cqurse of scan,
so as t e sighalpatier dopmegnets gisg 5@2'8(16 of a?w xegunlary ewbodimenicad thedt h.
In the same manner, as above, the recording head 14 erases a portion 21l b of
the fouPfesehbiaendiofnal 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
repeating the foregoing steps. According to this exenplary enbodi nent, the
servo track witer records only the first burst.signals |81, 182, - - - and
t he second burst signals 191, 192, - - . Hence, the invention inproves a
utilization efficiency of the servo track 5 witer by at |east equal to or
nore than double, as conpared to the conventional nmethod in that the servo
track witer is required to also record the third burst signals 101, 102, -
- - and the fourth burst sirgnals 111, 112, - - . Incidentally, the

i nventi on does not necessitate any consideration, in particular, for a
utilization efficiency and so on of a special equipnent such as the servo
track witer, because patterns of the 10 third burst signals and the fourth
burst signals are recorded by control systens of individual nagnetic disc
devi ces by thensel ves. Second exenpl ary enbodi nent A nmethod of witing a
tracki ng servo signal pattern for a magnetic 15 disc device of a second
exenpl ary enbodi nrent of the present invention will be



" described next by referring-to Fig. 3A and Fig. 3B. A ser3®dohecR002iter
records first burst signals 381, 382, - - - and second burst signals 391,
392, - - - on a disc, under control of the servo track witer, in the sane
manner as the foregoing first exenplary enbodinent. In the present ~

exenpl ary enbodi nrent, however, the servo track witer records on the disc a
third burst signal 400a and a fourth burst signal 410a at the sane tine
when it records a first burst signal 3 81 a. Atinme required for this

Por“a Rl Lo TR P EAE el s BB AL
wnen it P55 THHE a BEE AIEEF o sOMtibeiotee T rihle Dol MBI ML
for thi Snfértgtﬁcgﬁftﬂesﬁ?s?i?%c{eminli}xﬁx%%oocﬁmteﬁﬁ aligning time and the tine for the

disc to rot or a a result of the above steps, the servo
track witer records the third burst signal 401 a in such a manner that a
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recor ded ol ic direction of the disc. Further, the overl apping
third buglgﬁébgaﬁta‘ﬂ'vgﬁgéé’he fourth burst signal are recorded with their
phases being in coincidence with those of the fornerly recorded third burst

signal and the fourg @fﬁr S&ep?{:]tgnél traéléngg%ﬁﬁgugi{ég?%paatt%?n Waﬂéfﬁngﬁ%ead

devi ce i s di sconnect&d omthe servo t wr nd the recor

14 erase%%gaﬁgggﬁwauﬁﬁgratlml%f%H@re%eftﬁ%gﬁyt R3] fb%uﬁf?ftthﬁ shitld, th

burst sign the folUrth burst signal e control o e madgnetic

di scl@evVigke nfethoM o&’%ﬁﬁé ti6RE eﬁ@_s?@ﬂ%aﬁ@hﬁ?& Ralbfid dNY dévisk PFahe and
a fourth burst signal of "a predetermned wdth. In otCher words, the 20

magnet i ¢ s8e&id eedthsRiry eaibRduaest sieliresdnt MW dition; gnal 381 and the second
burst signal 391 wth the reproducti on head 12, and it erases a portion
400b of the third burst signal 400a with the recording head 14, while
control l'ing a posi tiigh 4fddpliets r aprexdugile oof teatid® Jefve udpnal paresr ihhat a
ratio in | evel between both of the reproduced signals becones equal to a
pr edet er m#gbtierdipo devies oftthe paby abtmd ni ng 25 a third burst signal 401 of
a predetermned width, as shown in Fig. 3B. In the sane 3 Cctober 2002 12
manner, the magnetic di sc device obtains a fourth burst signal 411 of a
Fig. § depicts a method of writing the tracking servo signal pattern in

15 the magnetic disc device of the prior art.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First exemplary embodiment

A method of writing a tracking servo signal pattern for a magnetic
20 disc device of a first exemplary embodiment of the present invention will be
described by referring to Fig. 1 and Fig. 2. All structural elements that are identical

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



predeterm ned width by erasing a portion 410b of the four8Dcbes082 gnal

" 411 a. 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 |evel

bet ween both of the reproduced signals g§econmes equal to a predeterm ned
proportion, to obtain a third burst signal 402 of the predeterm ned w dth.
In the same mapner ...t he, magnetic di sc device obtains a fourth burst signal
412 of tﬁ?%?‘@!}@{eeﬁlﬁ%%‘h width by erasing a portion 411b of the 10 fourth
burst signal 412a. Accordingly, the third burst signals 401, 402, - - - and
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control of the magnetic disc device's 15 own control System as needless to

nmention, 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
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burst signal 191, and the fourth burst signal 211 is in'another predetermined position

with respect to the first burst signal 182 and the second burst signal 192.

15 In other words, the method is so devised that the recording head 14
records a third burst signal 201a in a width of the recording head 14 during the first
rotation, and that a part of the recording head 14 scans over a portion 201b of the
third burst signal 201a during the next rotation for recording the fourth burst signal
211a. Thus, the recording head 14 erases the portion 201b of the third burst signal

20 201a in the course of scan, so as to obtain a third burst signal 201 of the regular
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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not using said witing device of tracking servo signals; and controlling a
position of said magnetic head unit under control of said nagnetic disc

“ device per se in a manner that a ratio in level between said reproduced

signal s becones substantially equal to a predeterm ned proportion;
recordi ng redundantly at |east one tradlging servo signal pattern different
froma set of said tracking servo signal in a width at |east a recording
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tracking servo signal pattern on a magnetic disc device according to one o
sing. sai d magnet ¢ head Uit of which recording widih in the i ameter”
direction of said magnetic disk is 213 of the servo track w dth.
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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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10< 10< 11)3r<s|t gsci/&? %ﬂ%l(e) mF's:&c ]ziol%(g%n&) 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 inagnetic 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 g3 third burst signal 401 of a predetermined width, as shown in Fig. 3B. In the same
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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
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 obtaip 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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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
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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. own magnetic heads, the invention does not neccss1tate any con81derat10n 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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1. A method of writing a tracking servo signal pattern on 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. Amethod of writing a tracking servo signal pattern on 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
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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; "

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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signal with said magnetic head unit in the magnetic disc device
per se; 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 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.



