1 DI SC APPARATUS AND SERVO PATTERN WRI TE METHOD THERECF CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application is based upon and cl ains the benefit
of 5 priority fromthe prior Japanese Patent Application No. 2004-50268,
filed on February 25, 2004; the entire contents of which are incorporated
herein by reference. BACKGROUND 10 1. FIELD OF THE | NVENTI ON The present
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witten thereon and a nethod of witing servo patterns on 't di sc, and
nore particularly, to a disc apparatus that itself is capable of witing
the servo information 15 (i.e., that has a self-servowite capability) and

a servo pgRb8sREMIRENCETRDNRELATES €SP 7éaTPERERI PTI ON OF THE RELATED ART
Preci sion inprovenent in positioning a wite head.at the tinme 20 of

sel f-servow itethssi BgpsPeNsAl] asf Masehi bhog L0t @1Iaaﬁksser1a0bemérfm gt i on.
Conventional arts related to the positioning of a read head necessary for

posi tioni pgidriky Ffeohede pridrtidepinese raesst bpplicatic@naneIn4Raness,
Lai d- open Application No. Hei. 10-50014 (Patent docunent 1), Japanese

Pat ent Laiféli eg@esn Agdrveati 25, N0 04£00el 2923 3e 280 RaitentofdebiohRnard) , and
Japanese Patent Laid-open Application No. 2002-288956 (Patent docunent 3).
Pat ent dodnoenpodatad hezként byoreferdnc®.di scl ose net hods of
wei ght ed-averaging a plurality of servo bursts (propagation 2 patterns) in
order to obtain a position error signal of a read head.

BACKGROUND

10 l. FIELD OF THE INVENTION
The present invention relates to a disc apparatus having a

disc with servo information written thereon and a method of writing

servo patterns on the disc, and more particularly, to a disc

apparatus that it.self is capable of writing the servo information

15 (i.e., that has a self-servowrite capability) and a servo pattern

write method thereof.

2. DESCRIPTION OF THE RELATED ART
Precision improvement in positioning a write head at the time
20 of self-servowrite is indispensable for writing detailed servo
information. Conventional artsrelated to the positioning of aread
head necessary for positioning a write head include those described
in Japanese Patent Laid-open Application No., Hei. 10-50014 {Patent
document 1), .Japanese Patent Laid-open Application No. 2002-319253
25 (Patent document 2), and Japanese Patent Laid-open Application No.
2002-288956 (Patent document 3).
Patent document 1 and Patent document 2 disclose methods of

weighted-averaging a plurality of servo bursts (propagation



Besi des, another art of witing an auxiliary burst signal for
self-servowite is disclosed. Patent docunent 3 discloses that servo
information witten on a front surface,and that witten on .5 a rear -
surface are deviated fromeach other in a radial direction by an anount
equal to one fourth of a track width. [Patent docunent 1] Japanese Patent

F?'glf’ ‘iﬁenpé\g%%r?%ﬁig%&ﬁ}% OOPEALR A PARKARREE D7 SERRRRE Peh (200 open
Appl i cat i BRE R F0037 36055 (i Lo et nrk oGS BARSRCa D £ O POCs
I n Patent dpg %Ate ;Lér&lé&% a dﬁeﬁ:ér& RR%Eman i FUPAGK ddb sV L gW, Of

positioning precision of the rea since it Is sonetines unavoi dabl e

to detectshhe, pﬁ?fc;fm‘a@lSﬁrv%léﬂéiP@n “Pr?én@s@)é@ﬁ&bcaﬁ@r{gﬁaé%%%ho&n poi nt
of the output thereof. at the time of the positioning of the read head.

This pyechsiddy aur@ats aROUel/iaRbAY Rifeheh Btir §hea Wddid1h@ddecdén met hod
of witing the 20 auxiliary burst signal is also thought to have a drawback

in view p{ aidnoeftl egheDCYo hetausRirich bE04I Hiefci@mvildpar eased time and

| abor. Further, Patent document 3 does not teach in its disclosed contents
what measure sh(pphdei@e dakatento 130 xearnidie Patunt i Daid-vdent Aepl 8dation :
direction interval between the read/wite heads changes depending 25 on
the radi alodiHettl 0R5SPOH t{ Big. SUVVARYrddyaphise $@dtl ito @43pn Fias. nbdle in

vi ew of the above-described 3 circunstances, and an object thereof is to
provi de apaiasgrapgpidiys

10 [Patent document 2] Japanese Patent Laid-open Application
No. 2002-319253
[Patent document 3] Japanese Patent Laid-open Application
No. 2002-288956 (Fig. 9, paragraph 0082)
The methods disclosed in Patent documents 1, 2 are thought.
15" +to have a drawback in view of positioning precision of the read head
since it is sometimes unavoidable to detect the position error signal
near a dynamic range saturation point of the output thereof at the .
time of the positioning of the read head. This precision affects
positioning precision of the write head. The method of writing the
20 auxiliary burst signal is also thought to have a drawback in view
of write efficiency because it requires an increased time and labor.
Further, Patent document 3 does not teach in its disclosed contents
what measure should be taken to solve the sitﬁation that the radial
direction interval between the read/write heads changes depending

25 on the radial direction position.

SUMMARY

The present invention was made in view of the above-described



having a disc with servo information witten thereon and a method of
writing servo patterns on the disc, and nore particularly, to a disc
apparatus having a self-servowite capagbility that realizes 5 inprovenent
in positioning precision of a wite head by constantly ensuring
positioning precision of a read head and a servo pattern wite nethod

thereof &y £hafe ARBAG3 AR AGCAI O LA 2508080 A0S BresepbarLpvent i on

i ncl udes : STarec Iuny a recording e enen

records ipformt] ﬂs@@vlttrf‘hsg%\?&’l m%t;Sf}ﬂﬁ?l Isnrthke@{as@ Jﬁa@s *eﬁod

I nformati on recor on t I SC erelrn Cc I nc |rst Servo

pattern fof iRd {qhgbyEsYo p@éét%&‘h% éﬁdtmé'&lts%n § d3ford %Agﬁs%u%‘fﬁ!?t eggi ned

repetltlon patterns In aradial directlion; a sec ervo paftern

having a {idist éﬁ{]&tdttdsol’i‘a@ﬁ{é arébppréé&ewﬁt@%p%b&@se?dcﬂaﬁp%auQ@s
pattern portion that are alternately arranged in the radial direction, the

first oepapidmepat i€ fp@sua%hmg giadiBgof e awprld hbgd HAtbRERENESYt he
repetition patterns he first 'servo pattern and wittén at a position

devi at ed émsuttility paditloflin®ireensionrot Beréad Headleb PajdrebNphytern
approximately 20 one fourth of a wdth in the radial direction of the burst
pattern, waikk tetho€gcahdrea@petiti on pattern portion having sanme repetition
patterns as the repetition patterns of the first servo pattern and witten
at a position wAtiselegrratalk| gcoordieng afa @n bapébe ofidiled prisestt i on from
the first servo pattern. 25 Therefore, the disc of this disc apparatus has
the firstimemntdonpaicladesaraidise asecorcbsingongetimgrarecord ong ehemenn. The
first servo pattern is fornmed of the burst patterns and has the

pr edéifer rviveth reprirds Lofopeatiamen thetdiscr; atidd réadediament wiriaheeads

the information recorded on the disc, wherein the disc includes:
.a first servo pattern formed of burst patterns and written so as
to have predetermined repetition patterns in a radial direction;
and a second servo pattern having a first repetition pattern portion

15 and a second repetition pattern portion that are alternately

- arranged in the radial direction, the first repetition pattern

portion having same repetition patterns as the repetition patterns
of the first servo pattern and written at a position deviated in
the radial direction from the first servo pattern by approximately

20 one fourth of a width in the radial direction of the burst pattern,
and the second repetition pattern portion having same repetition
patterns as the repetition patterns of the first servo pattern and
written at a position with substantially no deviation in the radial
direction from the first servo pattern.

25 Therefore, the disc of this disc apparatus has the first servo
pattern and the second servo pattern written thereon. The first
servo pattern is formed of the burst patterns and has the

predetermined repetition patterns in the radial direction. On the



ot her hand, the second servo pattern has the first repetition pattern
portion and the second repetition pattern portion which are alternately
arranged in the radial direction. The gecond repetition pattern portion
has the sanme repetition patterns as the 5 repetition patterns of the first
servo pattern and is witten. with substantially no deviation in the

radial di geedl gond! @RLERchE SHrvo t‘ﬁ%rﬁq{atsel{ﬂé £ P P%{:Qﬁ:[‘@ior{" Qeyethe

first repetition pattern portion has the sane repetifion patterns as the

repetitiopopaideriy t8k LBohd 'dpei8iVenPRit&drh R ibi RRSEAIHRed Wi th the
deviation 10 fromthe first servo pattern in the radial direction by

appr oxi Mg et ¥rnARA f Q¥rhRged {MeHAHaAlall 48dd IR dite feddh@ bur st ,
pattern. Such two servo patterns prewitten on the disc indicate that, in

addi t i onakepéd 116 phbeSeRREiSANLE PRé IRime Rasad tdnt Perteatk aef thde
first servo pattern and additional wite of the first servo 15 pattern

based N t&fet BAbObat bErme 0@Nths ELivet Py Pat térnandpds sidikeehowptievent
the positioning of "the read el enent” (read head) based on an out put

t her eof fsopetmitigligr horded atden in dheapadidbadeecsabnrfdomorhpofitsof a
position error signal output. Therefore, such two prewitten servo
patterns serwdeaaesnderGd the atheackanddithat FagsROrepettitiitonvgstpessi bl e to
i nprove positioning precision of "the recording elenent” (wite head)
cor r espongdnigiarhbas itheasdnen repatitidrepabtemis dis rdet repetyiti@n/patbernaeen
“the read element” and "the recording element” (read/wite heads) changes
dependi ngobrthendirsidsarvelipadderon petiid posikboned evitiatthehdeviatiorer vo
pattern is a genuine servo pattern and the second servo pattern is_a
so- cdld edfmemipe garsé mserverratdern dekherrdial dprectionbr arpypxiRatelany
problemif the second servo pattern is left unerased. This is because the
second sePw® fourth of the radial direction width of the burst pattern.
Such two servo patterns prewritten on the disc indicate that,
~ in additional write of the second servo pattern based on the read
of the first servo pattern and additional write of the first servo
15 pattern based on the read of the second servo pattern, it was possible
. to prevent the positioning of “the read element” (read head) based
on an output thereof from being performed near a dynamic range
saturation point of a position error signal cutput. Therefore, such
two prewritten servo patterns can be considered as a trace indicating
20 that it was possible to improve positioning precision of “the
recording element” (write head) corresponding the situation that
the radial direction interval between “the read element” and “the
recording element” (read/write heads) changes depending on the
radial direction position.
25 Note that the first servo pattern is a genuine servo pattern
and the second serve pattern is a so-called dummy pattern for

self-servowrite, but it does not cause any problem if the second

servo pattern is left unerased. This is because the second servo



5 pattern is neglected or disappears by overwite in a |ater operation
when a servo operation is performed with the first servo pattern. A servo
pattern wite nethod according to an agpect of the present invention
includes: a first step of additionally witing, 5 on an outer side/inner
side in a radial direction of a second servo pattern that has been witten

on a di scp,a S6L90 eggg¥9e@%5:tﬂ§5é§§eta|}s kﬁ;&réﬁx\}ﬁﬁ Eﬁtgoﬁﬁépoﬁgﬁﬁgi&? a

position BF- 2 read SO as to eep a‘trac stant” based on read

of a fir g*{vﬁlé?ravgef% (PdtatliBal 1830 TeeRedidiLRnANs {1 de$So BRPern.

addi tion y witing a first 10 servo pattern on an outer side/inner side

in the radial dprgetyPPpat@brhhgritd SetfBhVARAHIiAGNLE AL didechesr vhatten

on the disc, with a sécond offset being added to"the position of the read

head so a?reé&%&ﬁﬁeﬁbﬂoﬁ et uskdt b ¢arst atePasesi®n iad 19f wibeing,
additionally witten second servo pattern, the additional wite of the

second 15o8emveupdt keaa/ andet ke dadih tl padlaMEli kecOiod bE 4 idetiongiesypvpat t ern
being alternately executed; a second step of detecting that the first

of f set adgggkeain thet heatbadn hetted oh Sdivo, paséesid Basvo qrdtedn with
approximately one eighth of the track width; a third step, after the
det ecti ona fifirsddiffsenabeingvadderdgta squmidisar ud patdad head 206 as at er
side/inner side in the radial direction of the additionally witten second
servo patkesm anttéck wikdithdecorstsatt based appesidtaf adfiest isemwvof pabkeefnr st
of fset being added to the position of the read head so as to keep the
track wi dilattbasthkaan wasetenonr kel disc, tand additianedllyywmrtingg f1rst servo
pattern, and additionally 25 witing a first servo pattern _on_an outer
si de/lithnesesyalpatherneon padpurerisiser/iionesfside indbhe iradialydirecedentir st
servo pattern with a fourth offset in an opposite direction of the second
- of f set of the first servo pattern that has been written on the disc, with
a second offset being added to the position of the read head so as
to keep the track width constant based on read of the additionally .
written second servo pattern, the additional write of the second
15 - servo pattern and the additional write of the first sexrvo pattern
being alternately executed; a second step of detecting that the first
offset added at the read of the first servo pattern has reached
approximately one eighth of the track width; a third step, after
the detection, of additionally writing a second servo pattern on
20 an outer side/inner side in the radial direction of the additionally
written second servo pattern with a third offset in an opposite
direction of the first offset being added to the position of the
read head so as to keep the track width constant based on read of
the additionally written first servo pattern, and additionally
25 writing a first servo pattern on an outer side/inner side in the
radial direction of the additionally written first servo pattern

with a fourth offset in an opposite direction of the second offset

being added to the position of the read head so as to keep the track



bei ng added to the position of the read head so as to keep the track 6

w dt h constant based on read of the additionally witten second servo
pattern, the additional wite of the second servo pattern and the
additional wite of the first servo pattern being alternately executed,
and a fourth step of detecting that the third offset added 5 at the read of

the first,s8LyQRaLLE BDBS heAshesk eROLAXLIBLAIy OGSl OLILAY SLhg, L r ack

wi dt h, wherern Secon eps are repea?ed a

p' ural ity gfctéwestheT aél S50 %&Es[)%kdwgbt SedBided s &;}gceqfn Lha £RL hods

used for’ prOV|d' ove-descri I SC appar at us. Int 10

~ second an gf:’ié 13%6:&% b‘f e dﬁ}fé‘\tt 88rbHabal s O3 Rl Qitéf&?a@@@t lon of

t he read ed at the read the servo pattern has reached

appr oxi ”aéﬁéé‘u@é}f- ghald Fo@ftH Q‘Eeb IFCHetdtihg Bt th8@he2hiSFfsdth8dded
subsequent step continues.- Wth the offset- corresponding to approximately

one eight Bt ofnd Redd aekiMé dibst betbol Satiessi Bhe feached dpbbakihbeely
positioning is performed near the dynam c range saturation point of the

position gheosigitdNalf ebépeitack Wiatsf onltereAeCendi Ardto, tddicondet bhird,
positioning precision of the. read head is constantly ensured, which can

| nprove pafdtfonttly stehechseonepdatidie avpliieahiad.ofl ndimdent al |y, the
expressi-on "on an 20 outer side/inner side in the radial direction" is used
in order to i nmhystbsetvd bataddntwoitd methoé ifnonehef sy mewhotle nsgd
progress in an outward direction fromthe inner side of the disc or may
progress foraprovikdmg; dheesbover-desymibed diserappadmtok .t Henti,sdn Adeor di ng
to the present invention, in self-servowite, 25 positioning precision of
"t he Yadsetemtrand (fosxdhhebe)si sit dendesactsd ity ddle offsantof tthe
possible to inprove positioning
position of the read head added at ‘the read of the servo pattern
has reached approximately one eighth of the track width, and
thereafter, the subsequent step continues. With the offset
corresponding to approximately one eighth of the track width, it
15 is possible to avoid that the positioning is performed near the
dynamic range saturation point of the position error signal output.
Therefore, according to this method, positioning precision of the.
read head is constantly ensured, which can improve positioning
precision of the write head. Incidentally, the expression “on an
20 outer side/inner side in the radial direction” is used in order to
imply that the additional write for the servo write may progress
in an outward direction from the inner side of the disc or may
progress in an inward direction from the outer side of the disc.
According to the present invention, in self-servowrite,
25 positioning precision of “the read element” (read head) is

constantly ensured, so that it is possible to improve positioning

precision of “the recording element” (write head).



precision of "the recording element"” (wite head). 7 BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a schematic view show ng the structure of a magnetic
di sc apparatus as a di sc appar at us achrding to an enbodi nent of the
present invention. 5 Fig. 2A and Fig. 2B are explanatory views of self

- -servowite Fig. 3 is an explanatory view of the self -servowite, in
which t j ' ead. i . Fig. 4 is a schematic view

show ng Fﬁﬂeﬁ?{ ?Jl?g't%l%gg%%&f%% Jl‘e“aﬁp‘%gﬁg.g 5A, Fig. 5B, and Fig. 5C are
schematic views owi -2 J:ad) ire%{' i : a read
head and a wri tﬁﬁé\gd{y%hs;c%geg%\gégﬁé%g{ %@0 on 3t eé %gg?ﬁ%ﬁ\élg é;ﬁ%(iﬁr:%%e.
Mg, O 1S480aRa3RaN 00 ARSKARBbE RN o i alo dirf 86hbamehftSF val
bet ween t%lgsc?eag% ﬁeag and théL vvrlgp% eadai gsﬁ&eglg%?éeod(gv]\}r ?&Bbtaﬁlgeposﬁi on of
the carrigge heidagtVani&8feidp. Fig. 7 is a view showing a servo pattern in
detail. Fig. 8A and Fig. 8B are schematic views to explain the _ _
posi tisoni ng of . Fhe, nRathdeag. basad SfplardtoRly irrisSef Ye1Pakbevdwritd. 9 is
an explanatory view showing a sinplified view of burst patterns. 20 Fig. .
10A and Fig. 105.1?1{ 8 OXgh aRPLAKN LT PSeR ¢t hehewl MO driv@wriekatiimowh fer ween
the positioning of the read head and the position of the servo pattern
(bur st patherddlaadont wioild \hawd tiseadagdt he wite head. Fig. 11 is a
schematic view showi ng the positional relation 25 between a first (one
type) servo patFegn dahsl aascsamtd o vher shbeing thpeytserturepaf tthenhead.

Fig. BA, Fig. 5B, and Fig. 5C are schematic views showing

10 how a radial direction interval between a read head and a write head
changes depending on the position of a carriage.

Fig. 6 is a graph showing an example when the radial direction
interval between the read head and the write head is measured with
the position of the carriage being varied.

15 . Fig. 7 is a view showing a servo pattern in detail.

Fig. 8A and Fig. 8B are schematic views to explain the
positioning of the read head based on read of the servo pattern.

Fig. 9 is an explanatory view showing a simplified view of
burst patterns.

20 Fig. 10A and Fig. 10B are explanatory views each showing the
relation between the positioning of the read head and the position
of the servo pattern {(burst pattern) additionally written by the
write head.

Fig. 11 is a schematic view showing the positional relation

25 between a first {(one type) servo pattern and a second (the other
type) servo pattern.

Fig. 12 is a flowchart showing the flow of a servo pattern

write method according to an embodiment of the present invention.



Fig. 12 is a flowhart showing the flow of a servo pattern wite nethod
according to an enbodi nent of the present invention. 8 Fig. 13 is a graph
showi ng an exanple when the radial dirgction interval between the read
head and the wite head is calculated wth the position of the carriage
being varied, the radial direction interval being converted to a '
correspondi ng val.ue 4. a_uni s 5 based an of f set .added to
the position of %Jflﬁé lrj;%%aﬁfeyaah.ho%ﬁi&%%gﬂ ?E@leﬁ%%\ﬁh? EQ% %%gg!gé%% Iq

Embodi meng ) EFDOALEEAL Sn Thel A PRESE Bl (RCOE QD nubhls Peaflastridiedivht n - 10
reference’to the draw ngs, but these draw ngs are provided only tor an
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i nventi on. an enbodi ment 0 sc apparaius o esent

| nvent i on; e Wi Be@fut;%‘ﬁl{}eﬁrgé&ktodéfcio@%@sﬁé’n&ﬂf‘g Duisd iRl LRLR SPBitdR be

substantially constan not dependent on a radial direction position:

thereof o0patbe ol 86 ofhicst ianduite 588 ttcOfnd Mo AidRISEB e r@fadt Read! acks
wi th the highest conpactness. As anot her node, the burst patterns nmay be

four kinds of burst patterns whose positions in a circunferenti al
direction are 20 different. The four kinds of burst patterns whose
posi ti onspematiEp pESCRuFreornti al direction are different are often used as
a servo pattern of a magnetic disc apparatus. Further, as a node of an
enbodi nen{EgHldeet izer wd Pabbéimenit) te nethod of the present invention, the
met hod may further include 25 erasing the second servo patterns after the
addi ti onal wit &@mbbdahénthefsthonpdesentanaEntéonsvilsl bengestmidhedlWithis to
erase the servo _
10 reference to the drawings, but these drawings are provided only for
an illustrative purpose and by no means are intended to limit the
present invention.
As amode of an embodiment of the disc apparatus of the present
invention, a width of each track defined by the burst pattern can
15 -be substantially constant, not dependent on a radial direction -
position thereof on the disc. This is the result of the arrangement
of the tracks with the highest compactness.
As another mode, the burst patterns may be four kinds of burst
patterns whose positions in a circumferential direction are
20 different. The four kinds of burst patterns whose positions in the
circumferential direction are different are often used as a servo
pattern of a magnetic disc apparatus.
Further, as a mode of an embodiment of the servo pattern write
method of the present invention, the method may further include
25 erasing the second servo patterns after the additional write of all
the second servo patterns is completed. This is to erase the servo

patterns as dummy patterns.

As another mode, at a start of the third step after the second



patterns as dummy patterns. As another node, at a start of the third step
after the second 9 step and at a start of the first step after the fourth
step, the second servo pattern nay begadditionally witten at a position
slightly deviated backward froma finall wite position of the second servo
"pattern. This is for quick readiness for new wite. 5 Based on the above,

ern. 0 adi ness for e 5 B e above,
"ot or once Fa R Biaa RERLt [y ERETELER, dap alFeR LR FEh RSPy 2R 1

ref erence raw ngs C VIew s

structureggf { DG OLSE mAPRA s« 8Sn2n A} $i3RBAT gL US FECOLAANY to
the™ p %6 h Frg. 15t

t he enbodinent o resent 1 nvention. own in I'S magnetic

di sc appagat ﬂfdé&iéﬂé‘dﬂgéﬁw&d@%ﬁt& L fH15Gr ilde pBsSPLOWLE Qbcdra @
2 B e

head 14, a Carriage 15, and a volce co notor 1 and furt as a

processi ngersaistiialrs (e SNQWELr PG Ok B BEES! £6F Merd nidle Y OCESSI NG
(i ncluding servo signal processing). The magnetic disc 12 has, .in

additimn to serwaspatdihe d¥dve 5 eOBALESINEh DBt EhE predRitesAvEREIdD
t hereon, the second servo patterns being witten as auxiliary servo

patterns {911 el Hetfine@ert@asci®edesidrefirMhdqRatd @heSIrEWAilYs. eFraged
after the self-servowite is conpletely finished. The description bel ow

w Il begip uétd giematlcexpewnsiiowimgotthehetrisdldre ofr womaghet b ddgac i nt'o
t he expl anation of the structure of the 20 second servo pattern 17b which
I S a char apparataid @soh diss appdaedicnenaccordiing tbathé Femizseiimenef of etite
nuneral s and synbols are used to designate the same and correspondi ng
el ement s pnesdmet fiorémiorg As ahowgsin Figsi, thhie magrettiiondissmagpahatus
above-descri bed constituent 25 elenments will be roughly described. The
magnet® ¢ di stnclppmsatumagnetic disc 12, a spindle motor 13, a head 14, a
carriage 15, and a voice coil motor 16, and further has a processing
substrate (not shown) performing electrical signal processing
(including servo signal_processing) . The magnetic disc 12 has,. in
addition to servo patterns 17a, second servo patterns 17b recorded
15 thereon, the second servo patterns being written as auxiliary servo
patterns for self-servowrite. The second servo patterns may be
erased after the self-servowrite is completely finished. The
description below will begin with general explanation of the
self-servowrite and go into the explanation of the structure of the
20 second servo pattern 17bwhich is a characteristic of this embodiment.
Note that the same reference numerals and symbols are used to
designate the same and corresponding elements in the following
drawings.
First, the relation among the above-described constituent
25 elements will be roughly described. The magnetic disc apparatus
11 has the spindle motor 13, the magnetic disc 12 rotated by the

spindle motor 13, the voice coil motor 16, the carriage 15 which

can be moved in a radial direction of the magnetic disc 12 by the



11 has the spindle nmotor 13, the nmagnetic disc 12 rotated by the spindle
notor 13, the voice coil notor 16, the carriage 15 which can be noved in a
radi al direction of the nagnetic disc by the 10 voice coil notor 16, and
the head 14, which is provided at a tip of the carriage 15, f or signal
read and wite. This structure itself 1is a known one. The self -servowite

5 20 arteBle RN LG SPEYOun P 802] 32 SEL Y OrRh €L o i WA gheRLe 1O
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plural servo patterns 17a are gene y recor
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nunber of the second servo patterns 17b are recorded in the mddle of

respeos i VRa§RECES dRQEVWEEN nf Bev SR @tPeld @1RE J2BhibREnt EXAMi% idgy €heWn i N
the drawi ng. Next ~, Fig. 2A and Fig. 213 are explanatory views of the

sel f -sery¥ewidtre thALTREEEHAEnetiSCdiSc aipdraicus 11 1ed1iZ dast Bethout
self-servowite by repeating two processes shown in Fig. 2A and Fig. 2B

In Fig. 24sag Fegec2Bl delviieel atpr shidiareGt éath magreticadideappaeatiusect i on
~ (sector -direction) and the vertical direction is a radial direction
(cyl i nder 1tigeatbirnn)ser2@ wii e softhahepdieedsasef ficishoynis amprgvedA, a
“partly witten servo pattern 17a is-used for read, this serves as a basis
of the positiomheplirad sdrw paidterms Pbsate ganagdllf racordedrhdadlland on
an outer side in the radial direction of a second servo pattern 17b, an
addi ti®nabn sdeondgsetrim dpatt B atlenualsinkérvals aSuispgquéntihg drawing.

The same number of the second servo patterns 17b are recorded in

the middle of respective spaces between the servo patterns 12a, for

- example as shown in the drawing. Next, Fig. 2A and Fig. 2B are

explanatory views of the self-servowrite. The magnetic disc

15 apparatus 11 realizes the self-servowrite by repeating two
processes shown in Fig. 2A and Fig. 2B. In Fig. 2A and Fig. 2B,
the lateral direction is a circumference direction (sector |
direction) and the vertical direction is a radial direction
(cylinder direction).

20 In one of the processes, as shown in Fig. 2A, a partly written
servo pattern 17a is-used for read, this serves as a basis of the
positioning (radial direction positioning) of a write head, and on
an outer side in the radial direction of a second servo pattern 17b,
an additional second servo pattern 17b is written. Subsequently,

25 as shown in Fig. 2B, the second servo pattern 17b is in turn used
for read, this serves as a basis of the positioning of a write head,

and on an outer side in the radial direction of the aforesaid servo

pattern 17a, an additional servopattern 17a is written. Thereafter,



25 as shown in Fig. 2B, the second servo pattern 17b is in turn used for
read, this serves as a basis of the positioning of a wite head, and on an
outer side in the radial direction of H1e af oresaid servo ‘pattern 17a, an
additional servo pattern 17a is witten. Thereafter, 11 the processes shown
in Fig. 2A and Fig. 2B are repeated, so that the servo patterns are
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expl anat o oW 't e, tron w%hthe
head 14 i T d. 14 pEoyi ' ' 15 h
ead neadtigPoEgy meatiE R Rl Bl e et RePloc BR AR hudgec i, Tas @
wite forythe pervo wite itself. A signal read by the read head 14r (a

signal baseéd on the servo pattern 14a or 14b) serves as a basis of the

posi tioning of %@g.mg snfgﬁgqamtéf%ibw HAR s¥PF ASerddwriteONs) Rhidine

characteristics of the self-servowrite that the read head 14r is

posi tipnednhat r& atilRdql eh MRS thd£Ad 4he80a s ! | ORe r!@béi_ﬁ'lheFrg%de&Séﬂg an
output signal of the read head 14r, in order to position the wite head

14w at a predatesfitiRdcifiify<ebteds d0vbadlhedS 19ONA] idwEige hdad Oiw.
exanpl e, when the servo pattern 17a is additionally witten, the read head

14r is poghéiwvaiied wdad hewrieadsedgad flosivkienifg ckdiservdlirise thaelthe
wite head 14w is positioned at the wite center position 20w, in

consi der ahisdgnafl readasit she rdbddebdaniy (4 eiysdl basegen theeseradpheadri4r and
the wite head 14w. 20 This positioning of the read head 14r is enabl ed by
readi ng abdlausi N1db) tdexrvas aady basiist eh ther pos patdreimy @Fbthd\eird tehbeadr eas
of the magnetic disc 12 on which the servo patterns 17a, 17b are al ready
writtleh atéwcallhedtber wordsd,odmtisooneréf tidve shezscteristuimsemiterde
self-servowrite that the read head 1l4r is positioned at a
predetermined ;:ead head positioning center 20r, using an output
signal of the read head l4r, in order to position the write head
14w at a predetermined write center 20w.
15 As shown in Fig. 3, for example, when the servo pattern 17a
is additionally written, the read head 14r is positioned at the read
head positioning center 20r so that the write head 14w is positioned
at the write center position 20w, in consideration of a radial
direction interval between the read head 14r and the write head 14w.
20 This positioning of the read head 14r is enabled by reading and using
the already written servo pattern 17b. Note that areas of the
magnetic disc 12 on which the servo patterns 17a, 17b are already
written are called servo information written areas for convenience
sake. 1In the self-servowrit.e, it is important to know the actual
25 positional relation in the radial direction between the read head
1l4r and the write head 14w in all the areas of the magnetic disc

12.

Note that the radial direction width of the write head l4w



sake. In the self-servowite, it is inportant to know the actual 25
positional relation in the radial direction between the read head 14r and
the wite head 14w in all the areas of ;4he magnetic disc 12. Note that the
radial direction width of the wite head 14w 12 is |arge enough to wite
servo information correspondi ng to a track wdth. On the other hand, the

Chat "ot 1 e . Ehalich §5 ¥ 886vo NGBl L CORRERBI RF LoDEEERRR! | P
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show ng the structure head shown 1 n raw ng, the read
head 14r gadqting Y&idenedigady sééwaﬂfswézp%!anf{m 82Cthd At Nead 2w,

exanple, si In the nomnal “radial direction, and are apart from each ot her

by, for exgmplfs 1%@eﬁ§edi Tdﬂ“ﬁaﬁ@ﬂg% d&ffﬁé@i@&%nﬁﬁcﬂlﬁﬁﬁtl.sQ@nai/Qifl aHs
deviation manners in the radial direction and the circunferenti al

directg onadﬁrgaelb@ Hess.ble, but s2 is set mainly from manufacturing reasons
and sl is set so that the wite head 14w i s di sposed on an outer
circunference sirdg. 4 Her abycHerith btwidw ghbhengwtheesofudtuivogetrhed hekl

pattern. Fig. 5A, Fig. 5B, and Fig. 5C are schematic views showing how the
radi al di tect iasnshoterimitheedyeing,heheesshdhbadd14r aimdl the wiirtid &ehdad 14w
changes dependi ng on the position of the carriage 15. In other words, they
are vi ewsldwoareprmrtadtronl eposidtiheraby 20f or lestaimpi e, ns 1 hin ridd alomdinadct i on
bet ween the read head 14r and the wite head 14w. Fig. 5A shows a state on
an outer radiahfdimvddonsi dedoire lpagtigheon cagilsother by g f@Bexampletate on
2 m dld(; ¢ s2 in the nominal circumference direction. Various deviation
manners in the radial direction and the circumferential direction
may be poséible, but s2 is set mainly from manufacturing reasons
‘and sl is set so that the write head 14w is disposed on an outer
circumference side, thereby facilitating the write of a new servo
15 pattern.
Fig. 5A, Fig. 5B, and Fig. 5C are schematic views showing
how the radial direction interval between the read head 14r and the
write head l4w changes depending on the position of the carriage
15. In other words, they are views showing an actual positional
20 relation in the radial direction between the read head 14r and the
write head 1l4w. Fig. 5A shows a state on an outer circumference
side of the magnetic disc 12, Fig. 5B is a state on a middle-
circumference of the magnetic disc 12, and Fig. 5C shows a state
on an inner circumference side of the magnetic disc 12. As shown
25 1in these drawings, the actual radial direction interval between the
read head 1l4r and the write head l4w changes from sla to slb. This

is because the head 14 provided at the tip of the carriage 15 draws

an arc when moved by the voice coil motor 16 as shown in Fig. 1.



circunference of the magnetic disc 12, and Fig. SC shows a state on an

I nner circunference side of the magnetic disc 12. As shown 25 in these
drawi ngs, the actual radial direction {fterval between the read head 14r
and the wite head 14w changes fromsla to sib. This is because the head
14 provided at the tip of the carriage 15 draws an arc when noved by the
voi ce coi t 0 ' 1 9.5 .1 radi di I on

i nt erval sk%‘gﬁ Q?etgl s%éde e\rg%rlﬁgéf%’g,mj%e (#géganp g,% é‘fg%&?e gle%lggéﬁh
position pf .t Id i a0e.45.1 Rk Gredt b5 éﬁ& W0 X@api £ when the
radi al di réjétlon_ |eFft %rvgﬁl _%e_t weeen tlhe ?gg{i _eazﬂﬁ4r gaﬁggfﬁe&gﬁpi te head 14w
s measured 5 whbh d 18 ORI SRoing B cxahbl8UMeh T RPLAG YR et 1on L i S

exanpl e, the actual radia irection I nterval between the read head 14r and

the writ e;jheatydriietheddetic e Head/M £ @nd tHE wiii S hEEAIWCIPREaEEBEET 1S
obtained in such a manner that the carriage 15 is noved to a .given point,

a signal Withtee gisithiensf thehRad ik4w 1 bé G vRei8d, | Inraeik éRakyléhe read -
head 14r, and the positional change of the carriage 15 at this tine is

convert edthe ddtaalaghdialddiestt Don iinkterval betlvegn the Feadvhead Idevang t he

servo pattern 17a in detail. As shown in the drawing, the servo pattern 17a
consi sts ghe kRtkedadsl 4wwEnMMGSS £PERT AurB, thidnehostenasi tboast are
different in the 15 circunferential direction and the other portions

(porti onsismbtaiickdadddsesls acoamethahehkiderkager B dsderled Eachgbfen he
portions on which the address codes or the |ike are recorded corresponds
to each poawk, angdigsak ecditen hnthaevmditecheddddmt dalthdisrpeintois reahg t he
four kinds of burst patterns AL B, C, D, the patterns 20 A and the

patt ekths By sthe resdrikatl ddrpoand tbaspemivhioagdnekange ofctle cagriagei kot he

radi al direction, being positioned so that phases )
at this time is converted to the radial direction interwval.

Fig. 7 is a view showing the servo pattern 17a in detail.
- As shown in the drawing, the servo pattern 17a consists of four kinds
of burst patterns A, B, C, D whose positions are different in the
15 circumferential direction and the other portions {portions on which
- address codes or the like are recorded). Each of the portions on
which the address codes or the like are recorded corresponds to each
track and is recorded in the circumferential direction.
Among the four kinds of burst patterns A, B, C, D, the patterns
20 A and the patterns B are recorded at positions complementary to each
other in the radial direction, being positioned so that phases
thereof are bpposite to phases of the tracks in the radial direction..
The patterns C and the patterns D are recorded at positions
complementary to each other in the radial direction, being
25 positioned so that phases thereof are the same as phases of the tracks.
The radial direction width of each of the burst patterns A, B, C,
D is the same as the track width and signals with a certain frequency

are recorded thereon only at predeteremined positions in the



t hereof are opposite to phases of the tracks in the radial direction. The
patterns C and the patterns D are recorded at positions conplenentary to
each other in the radial direction, bejyng 25 positioned so that phases
thereof are the sane as phases of the tracks. The radial direction width
of each of the burst patterns A, B, C, Dis the sane as the track width

and si 9”aéfrééﬂéﬁﬂ?er%n%%i%iiﬁe%ﬁgi-ﬂ?E%. %B%tfr%‘i‘:gtr)?:ﬁ@éﬁ%ﬁﬁhgfl%%’fl??eﬁ .

predeterem ned positions in t Z°'Ci fcunteéren irection

bur st s) ;twﬁér%%&nt%iﬁil%f {£7b) S8fetSRlatOndiid 8hTly chtf-l@ Kk 8d) pSOEBEAJTES

means only the burst patterns. As shown in Fig. 7, 'S the%retically

possible to pospkigibuwr be Figady Neadid ¢hedlefida b} BoBibie ROt oS Ldie bur st
patterns A 5 and B based on read signals thereof. In this case, the read

head 14r {ge pesid hengdi4suRstantialé ot Bethéas kehdWilrBer pat teid pe
positioned at a m ddl e point between the burst patterns C and D based on

read § gnahé B Baseafon doadt Bign&BShelrboEs M@skhioneskbe! theP@ehlli Wad acr oss
adj acent tracks. 10 Fig. 8A and Fig. 8B are schematic views to explain the

posi ti oni My dfs bbeitbatedsabstdnt babpd canthderaekd ofutdierseitocapdbd erns.
When the read head 14r is positioned as shown in Fig. SA, read output

val ues aspsditvironed dthe ndidailiengpiartcbatesnnelte baset pattetrhs hand D pagadrns A
and B respectively. Specifically, when the 15 read head 14r is shifted to

. an upper- e tdeadsigheldtheiragf. t As tduspdse ,oit {aposdhdoheddtiapobisioh on t he
burst pattern A increases and the output thereof based on the burst
pattern Backeseasdacetbnyeasikdy, when the read head 14r is shifted to a

| ower side in the drawing, the output of the read head 14r based on the
burstlOpattern AFdgecr¥asansl FiganfBtaree AANSIBLLAY WS e @XRIRIDh&hBuUr st

pattern B increases.
-positioning of the read head 1l4r based on the read of the servo

patterns. When the read head l4r is positioned as shown in Fig.
8A, read output values as shown in the drawing are obtained based
on the burst patterns A and B res_p_ectively. Specifically, when the
15 read head l4r is shifted to an upper side in the drawing, the output
of the read head l4r based on the burst pattern A increases and the
output thereof based on the burst pattern B decreases. Conversely,
when the read head l4r is shifted to a lower side in the drawing,
the output of the read head 14r based on the burst pattern & decreéses
20 and the output thereof based on the burst pattern B increases.
Consideration of the respective areas of the burst patterns A, B
read by the read head l4r would make these results obvious.
Accordingly, controlling the carriage 15 (in other words, the voice
coil motor 16) so that the output values on the servo patterns A
25 and B have a predeteremined difference makes it possible to position
the read head 14r at a desired offset position.
Here, assuming that the read head 14r is shifted upward to

an offset position as shown in Fig. 8B (assuming that it is deviated



Consi deration of the respective areas of the burst patterns A, B read by
the read head 14r woul d make these results obvious. Accordingly,
controlling the carriage 15 (in other rds, the voice coil notor 16) so
that the output values on the servo paiterns A 25 and B have a
predeterenined di fference makes it possible to position the read head 14r
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shifted up p05|t|on as s

i s devi at t e dt h
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of the reeﬁ theabalthe g ed %@eﬁ%%%ﬁr@@b&%&@ﬁnﬁ& B becane sashpaesgd or

zero, sot i nformati on corresponding tothe p05|t|on of the 5 read head

14r Cann%rbfeﬂpt abnelat T_thfro%awonmx*ebgahagn@rt@tﬁé%bsﬁld:hafre@ head

14r is deferiorated in this state. This applies” to the case where the read

head Igtr 8a8hehbie doumey ﬁetdbt&aneatsqheragéré;@aswléxhﬂ@gﬁecagmmt The
above description applies to the positioning of the read head 14r based on

the burstopath@readthed MY TR getesiddatelovs dHial skhtes mMolispapbeiedbl e to
use the read head 14r in the positioning of the read head 14r. until the

of f set amadrithe ohsé¢ hbhetreathd eadd Wadr bae he ssharf tadodmimweamd es@andffiget 0 one
fourth of the track width or of the radial direction width. of the servo
pattern. #bsFtipn By sharsamepbmoattor yThe abvoveode sy iptdiompappl ek tioethef = t he
burst patterns A, B, C D. In this sinplified view, one pitch corresponds
to half thesitiawking difhtlife- nelad heati didrdbassst ponthe duirstopateeymnofl,tBe bur st
patterns A, B, C, D), and the boundaries of the pitches match the relation
of thu)buwhisFmgsqﬁhughAwthhgt ip is not preferable to use the read head

- 14r in the positioning of the read head l4r.until the offset amount:
of the read head l4r reaches an amount corresponding to one fourth
‘0of the track width or of the radial direction width of the servo
pattern. |
15 Fig. 9 is an explanatory view showing a simplified view of
the burst patterns A, B, C, D. In this simplified view, one pitch
corresponds to half the track width (= the radial direction width
~of each of the burst patterns A, B, C, D), and the boundaries of
the pitches match the relation of the burst patterns A, B, C, D.
20 Hereinafter, the simplified view as in the drawing will be used to
show the servo pattern 17a (or 17b).

Fig. 10A and Fig. 10B are explanatory views showing the.
relation between the positioning of the read head l4r and the
pdsition of the servo pattern (burst pattern) additionally written

25 Dby the write head 14w. These drawings show cases where the actual
radial direction interval between the read head l4r and the write
head 14w becomes wider in the order of the upper, middle, and lower

views, and specifically, the interval becomes wider from, for



20 Hereinafter, the sinplified viewas in the drawing will be used to show
the servo pattern 17a (or 17b). Fig. 10A and Fig. 10B are explanatory views
showi ng the. relation between the posjgioning of the read head 14r and the
position of the servo pattern (burst pattern) additionally witten 25 by
the wite head 14w. These draw ngs show cases where the actual radial

e L e

beconmes wi e upper, m r ews, and
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5 pitche i's a conparative exanple where the servo pattern

17a and t{g, Sa%‘é"%ﬂné@é:}{ﬁlfﬂééﬁr Nn $R0 84k G1shRRhkYtKeRiatibd he sane

arrangenent rel ation. I S case, the read head 14r i1s first positioned

at the 5 pitchrhoundaciskh tHE r3REONEager440 iBakL £EH podl tadneowe Kk t he
upper view, and based on this, the wite head 14w is positioned to

addi t isonah{ 8enbbliSddRE if N0 sBSbRE EBrid paterhl 7 hi Bhownhen @hes@bper amount
of the read head 14r is zero. As such additional wite of the servo

pattern Ifgbased BAsédecosaiiia Pahkewnidd head 1aanyer pobitidikdftd he servo
pattern 17b based on the servo pattern 17a progresses toward an outer

ci rcunf ergidia.idnae 1gciticde thée eeveb fattsraniTde Aeathisheime 14heaofifddte wite
head 14w becones wider. |In accordance with such increase, the offset
anount ofamdumtposi thereaf hehd toadsheado. 14s ssch nddidsedal Thestenabl es
the additional wite of the servo 15 patterns 17a, 17b with the track

wi dt h beithe kepro gatseantl?aHoasadon thisesertrepattent li7ht ervabnerseky, t he
read head 14r and the wite head 14w increases to 4.5 pitches as shown in
t he f0ddl&f theesertheastesatl Anbasedtan bhe ARy pattern Jdé pregresseshe read

head
-toward an outer circumference, the actual interval between the read

head 1l4r and the write head l4w becomes wider. In accordance with
such increase, the offset amount 6f the position of the read head
| 1l4r is increased. This enables the additionAal write of the servo
15 - patterns 17a, 17b with the track width being kept constant.
However, when the actual interval between the read head l4r
and the write head 14w increases to 4.5 pitches as shown in the middle
view, the offset amount to be added to the position of the read head
14r becomes 0.5 pitch. The read head 1l4r at this time is in a
20 positioned state as shown in Fig. 8B, which deteriorates accuracy
of positioning precision as described above. Therefore, the servo
pattern 17a (or 17b) additionally written at this time is greatly
‘misaligned.
Thereafter, when the actual interval between the read head
25 1l4r and the write head 14w is widened to 5 pitches as shown in the
lower view, the offset amount to be added to the position of the
read head l4r reduces to zero again. The read head l4r at this time

is in a positioned state as shown in Fig. 8A, which ensures



14r beconmes 0.5 pitch. The read head 14r at this tine is in a 20 positioned
state as shown in Fig. 8B, which deteriorates accuracy of positioning
preci sion as described above. Thereforg; the servo pattern 17a (or 17b)
additionally witten at this tinme is greatly msaligned. Thereafter, when
t he actual interval between the read head 25 14r and the wite head 14w is

w dened t §19i6 :{}F‘% #%fﬁ?%}éﬂ étﬁextéﬂ;h ef‘é& W 586 Al 'at%@?ﬂ”iﬁo be

added to FRg posi rea Ucés to zer agai n

head 14r ap t{ws) tBe é&dlﬂﬁa@??'ﬁfﬁ%‘% %ggﬁ]f@sclﬁeo}»qg idbidea 88 aWh' h

ensures 1 p05|t|on|ng precision there ore servo pattern 17a
(or 17b) {,9q4Rey a&dﬂfa%abbylmﬁ tﬁnt@t_»m_&% theBel 8t {&C FdeH 8k 8th8iohly

accurate p03|t|on|ntermso the relation wth the other servo pattern

17b (or lgaly¥hbhaireras 19pbqsts1pd) Wi cheatds 2 basidfcane ghgun in Fig. 10B
conpared with the above- described case, the wite arrangenent rel ation

between the serve tRat&gsd dhcwrand Fhe. SEE®MbrpRkwa Reth efie labbdes- not
constantly the same, which is an exanple corresponding to this enbodi nent

of the paesepibed\Ridd,08helwritd sireafgemdiite reflatesni fetienpher seiew and
10 the lower view are the sane as those in the above-descri bed case, and

in the m gdteern aWa aheé tdrcoadostreavpapdietarnl Thbiis wottd¢@rstaintly phsi ti on
deviated by 0.5 pitch (one fourth of the radial direction wdth of the
bur st pat sema) whidhhésrauliedamgil eentrmrspondiey ptaitinist epbdxyimdrdp oft hker ead
head 14r is first positioned 15 at the pitch boundary in the second servo
pattern lpbesentshmmentaont hdnuphds odsew, thndtalieswin ttdeheppen A ewsand
positioned based on this to additionally wite the servo pattern 17a. The
of f set0 anbthatlefer view are the same as those in the above-described case,
and in the middle view, the second servo pattern 17b is written at
a position deviated by 0.5 pitch (one fourth of the radial direction
width of the burst pattern) in the radial direction.
To explain step by step, the read head 14r is first positioned
15 at the pitch boundary in the second servo pattern 17b as shown in
the upper view, and the write head l4w is positioned based on this
to additionally write the servo pattern 17a. The offset amount of
the read head l4r at this time is zero. As such additional write
of the servo pattern 17a based on the second servo pattern 17b, or
20 conversely, of the servo pattern 17b based on the servo pattern 17a
progresses toward an outer circumference, the actual interval
between the read head 14r and the write head 14w gradually increases.
The offset amount of the position of the read head l4r is increased
in accordance with such increase.
25 Next, when the actual interval between the read head 14r and
the write head l4w reaches 4.25 pitches (that is, when the added

offset amount reaches 0.25 pitch (= one eighth of the radial

direction width of each of the burst patterns A, B, C, D or of the



the read head 14r at this tine is zero. As such additional wite of the
servo pattern 17a based on the second servo pattern 17b, or 20 conversely,
of the servo pattern 17b based on the'ﬁfrvo pattern 17a progresses toward
an outer circunference, the actual interval between the read head 14r and
the wite head 14w gradually increases. The offset anount of the position
of the read_head
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servo pattern e wite position of the servo pattern

17b deyi affsm THe BENARS PAHNERE Yordfviblie F O Plés i W bh SHPeShhileNpbycie, hal f
pitch. Based on the second servo pattern 17b"thus witten, the servo

pattern 17a i s wakbd e @WslsbBEns aeedd perivenPaty ehis §FRtken] Whidhedrvawi tten
based on this servo pattern 17a. Then, when the actual interval between

the read pgegkddn7anis Wretwehtgshdiend sebandss@fespalkgrallindseasethé® 4.5
pitches, the state as shown in the mddle viewis obtained. At this tine,

t he of f setrbpErmMtbagkdt ba tiebs dwaad pdttésn IRCucCERetd 0 WD the bevanie
polarity. Therefore, no such problem as in the case shown in Fig. 10A
occurs aninwervad posydaerothacead hegd 1dt drvetlsewrdtehebdridwlimgoadidbly
additionally witten is constantly 15 ensured up to this operation.
Ther ddf t eincreadddatoabidi pibobés wtheestate egesbed iantheheinldle view is
- . obtained. At this time, the offset amount of the read head 1l4r is
:reduced to zero as reverse polarity. Therefore, no such problem
as in the case shown in Fig. 10A occurs and write position accuracy
of the servo pattern 17a(or 17b) additionally written is constantly
15 ensured up to this operation.

Thereafter, similar additional write is repeated, and when
the actual interval between the read head 14r and the write head
l4w increases to 4.75 pitches, the offset amount of the read head
1l4r is changed to the opposite polarity again. Then, when the actual

20 interval further increases to 5 pitches as shown in the lower view,
the offset amount to be added to the position of the read head l4r
becomes zero again. Thereafter, the similar offset is added to the
position of the read head 14r in accordance with further increase
in the actual interval between the read head l4r and the write head

25  14w.

In this embodiment, the offset amount to be added at the time

of the positioning of the read head 14r is 0.25 pitch at the maximum

(in relative terms, -0.25 pitch to 0.25 pitch} and positioning



the actual interval between the read head 14r and the wite head 14w
I ncreases to 4.75 pitches, the offset anbunt of the read head 14r is
changed to the opposite polarity agai njg Then, when the actual 20 interval
further increases to 5 pitches as shown in the | ower view, the offset
anount to be added to the position of the read head 14r becones zero

agal . TELEaliet e sl hhato AP ehel seaddatchaat her, pOsid L af the read

head 14r Th accor dance w | NCr €ase i nterval

between t g, 1Lad, %?agl%éds;e dpé@i?elﬁ% ilbs'éleﬁgP xt%ﬁiétdé/ﬁ b#rntﬁéﬂvﬁi%gb{?%é&mnt’

the of fset anpunt to be ed at t time e positioning o he read
head 14r 8,0 2acBll&Pe dn 1aE aH8XH PHEL hl &t 's\éﬁv&eﬁé?befrg-%ﬁdgéifh to

0.25 pitch) and positioning 19 precision can be constantly ensured.

Accordi ngt¥e dd¥&oMpat@erR®Sifd N 78f chRGe §riRtBaAl A€ dbchidtel pddPLybhdten by
the wite head 14w is accurate in relation wth the other servo pattern,

and ald . $iiend o/ @nRAkbetRatd (PosikiRneant benevddiven paktaehsr p1&€, PORd tions 5
owing to the accurate positions of the servo patterns 17a, 17b serving as

bases of §éevidflidd dasgkeswoEt €he TRIITGoNal patisNns 17a, 17b as shown in Fig.
11 are obtained after the servo.patterns 17a, 17b are witten as in the

above- descri bedhendadicnpattefng.174] 13 asSsHvennin Fiy.eil shr@ohgaimed 10
positional relation between a first (one type) servo pattern 17a and a
second (thafter hdre tsppep petverpatliier,n 17Bbarée witittese@asndnsthe cabgpat+ er ns
17b, a half-pitch deviation portion (first repetition pattern portion) and
a no- devi desonibmsl embodinenbnd Figpelltimm sghemeticpoiew ahowing &heer nat el y
arranged. 15 The substantial contents of the servo pattern wite nethod
10 positional relation between a first (one type) servo pattern 17a
and a second (the other type) servo pattern 17b.  In the second servo
patterns 17b, a half-pitch deviation portion (first repetition
pattern portion) and a no-deviation portion (second repetition
pattern portion) are alternately arranged.
15 The substantial contents of the servo pattern write method
as an embodiment of the present invention has been also disclosed
in the description hitherto, but the servo pattern write method
according to the embodiment will be further described with reference
“to Fig. 12. Fig. 12 is a flowchart showing the flow of the servo
20 pattern write method according to the embodiment of the present
invention.

First, the offset amount of the position of the read head
lir is set to zero (Step 21). Then, based on the read of a servo
pattern 17a of one type, a servo péttern 17b of the other type is

25 written (Step 22). More specifically, the read head l4r reads the
servo pattern 17a of one type and is positioned so that the offset

amount becomes zero, and the servo pattern 17b of the other type

is written (additionally written) by the write head 14w that is



as an enbodi nent of the present invention has been al so disclosed in the
description hitherto, but the servo pattern wite nethod according to the
embodi nent wi Il be further described whgh reference to Fig. 12. Fig. 12 is
a flowhart showing the flow of the servo 20 pattern wite nmethod accordi ng
to the enbodi nent of the present invention. First, the offset anmount of

- the posi tgggieioﬁ&? Ha%%g Bﬁagfi%;p%%lﬁo‘?ﬁh L Qs ZELD x(e%tde%e%gi) 14Ehe'?[’h1 ased on

t he read a servo pattern one €, a servo pattern 17b of the

ot her typ%e}gﬁrgélﬁ[&'élts%”afl: ELEQ 29 tH@&%ﬁBﬁfﬁé'&@s‘.dﬂi t%g read head 14r

reads the ervo pattern one type and 1S p05|t|one so that the

of f set amount %&Qn%r?x%x%el nda Tsaﬁvéeﬂa\eqemtiﬁ Bl ep Ieh% %*ﬂ@fehype
s vvrltten(addltlonally witfen) by the wite head 14w ﬁ

posi ti one@aaa§@poﬁ11yﬂarme§eﬁ; Yised oh dHeregadbhend ddfvo Buta—.exrnemhbaSI ng
al so applies to the | owi ng description. Next, conversely, a servo

pattermn 14a@ tHe Ofiter ¥Ppei(Stwhi13aN Ndtsldhbt cartatﬂxev ikt istalgeh agas sepvbhe
read of 'the servo pattern 17b 5 of the other type (Step 23). Note that at

the firstpategen 1he ohdyva paklPrpari/afonhych Bémaddigrent oafl anhigher s
witten on an inner circunference side of the magnetic disc 12 can be
I nitiall ychisednferersepaide eofivtheemagnetcies dagcbk? wamdbeninitfial livhusedni ti al
wite. Alternatively, the nagnetic disc 11 may be provided with a function
10 of an Anse¢patater mrdteagebide may Beepsed®nl3farethyoheimdtiiplpwritened a
plurality of times with the position of the read head 14r bei ng changed
every oneA;l;tematmanf,, tie @agnehic séisc- Eemap e provided milshetl faRchiost ep
24) , it is judged whether or not the offset amount of the position of
10 of an initial write capability. Steps 22, 23 are generally
| performed a plurality of times with the position of the read head
l4r being changed every one pitch.
Next, unless the self-servowrite is finished (N at Step 24),
it is judged whether or not the offset amount of the position of
15 the read head l4r has reached 0.25 pitch (Step 25). If not, the
offset amount of the position of the read head 1l4r is changed
(increased) and the flow returns to Step 22. The offset amount is
generally changed at this time so that the track width made by the
servo write becomes constant. The way of adding the changed offset
20 amount will be described later.
When the offset amount of the position of the read head l4r
has reached 0.25 pitch, the offset amount is next changed to the
opposite polarity, namely, to -0.25 pitch and the servo pattern of
the other typé is rewritten at a position shifted backward by an
25 amount corresponding to several tracks. (Step 27). This rewrite,
though not described above, is intended for quick readiness for new

write in consideration of the arrangement relation between the read

head 14r and the write head l4w.



15 the read head 14r has reached 0.25 pitch (Step 25). If not, the offset
anmount of the position of the read head 1.4r is changed (increased) and
the flow returns to Step 22. The offseﬁ anount is generally changed at
this time so that the track w dth nade ]by the servo wite becones
constant. The way of adding the changed off set 20 amount w il be

d i bed | h 0Sit i
14 has reliiﬁége%@i%%a%cﬁ,ﬁff L 3Prstlr dtount R Cer R 26 (he
it it ol =0,.2 i.tch . h

oPRos! e 8| 92U ip, P HlberResCuiig iU AE, SERLERTA 850584 ok e
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Fhe wri t cohams Fro pE o EreRlyBh! O S st e e e Seps
22, 23  ghep 33, 2Re prbcdBaLh ROHARQVEr&E Breperd irel1olBeRfa N0 §REAES Of
the steps are the saffe except that the offset anmobunt of the position of

the read fead M s3I FCHAREEH-11Q tie cORBOSEE By POIRISH: d&i‘ﬁ.ﬁ?héh@t ep 33, the
e

procedure starting from Step 22 foll ows agai'n. Then, when

sel f - ser vey&da dns o€ e 8 &lrepki, Nt sd 6l RUEh B4 roneBeept 2D b0k tEPESE
steps, the flow shifts fromStep 24 or Step 30 to Step 34 of "erase the

servo pattesheplidbooferiagediliesetyppattdims 178rd6 the dtheirriypeied fhis

erasing the second servo patterns 17b which 10 are not necessary as a

product . d&oywmuer isiintcneedr fatieeatbkethe sdaaindbetvorpaandrhaldih whhely may

be left unerased. Further, the witten servo patterns 17a being consi dered

as stld |  amslarott hecesnany azd v iprgdpcocedoweveryoipatiieramsture &apesdact can

be new y.lot of time and labor, they may be left unerased. Further, the
written servo patterns 17a being considered as still under the
‘manufacturing process, servo patterns for a product can be newly.
written based on these servo patterns 17a.

15 Fig. 13 is a graph showing an example when the radial direction
interval between the read head l4r and the write head 14w is
calculated with the position of the carriage 15 being varied, the
radial direction interval being converted to a corresponding value
in a unit of pitch based on the offset amount added to the position

20 of the read head l4r. The horizontal axis takes the track number
(corresponding to the radial direction of the magnetic disc 12).

The solid lines in the graph show values during the additional write
of the servo patterns 17a and the servo pattern 17b. with no pitch
deviation in arrangement, and the broken lines show values during

25 the additional write of the servo patterns 17a and the servo patterns
17b with a half-pitch deviation in arrangement (the half-pitch

deviation portion in Fig., 11). The two upper and lower broken lines

are shown here because either value can be taken. This drawing



witten based on these servo patterns 17a. 15 Fig. 13 is a graph show ng an
exanpl e when the radial direction interval between the read head 14r and
the wite head 14w is <calculated w't he position of the carriage 15
being varied, the radial direction inTéerval being converted to a
corresponding value in a unit of pitch based on the offset anmpbunt added to

h head h I k k
unber  ( EOFPEOh g ChBCt WS 1R Off FOR TG G R Reghette TAED 12

Th lid | t sh I d t.h ddi t I t f
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T angenm. Andabhesproken, hwfsq;ﬁée&&ervﬁamnwﬂ%&gb&a ol onal
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Fig. 11) e two upper | ower broken lines are shomn here because

ei t herg Vabfed{échéﬁ?f@rﬁeé‘tlﬁgé %e@bﬁ%%r%%r%é‘@édéé SRS 413! rERSoNg| ue on

the vertical axis graph constantly falls within an integer A 25

pitch. | ngigdent@ldypitbe d¥eklacRs trdbcitetasn %eoglagh@al& &Ry 100bEigg 11)

occurs five tines |n the case shown in Fig. 13, and this nunber 5 , of the

occurrencgnéidscHRE¢LEBSNS Al JQr cORSPAUNRtTonCOE! Bhd FRAMANEreAdNBOWAYET
pitch of tracks recorded on the magnetic disc 12 being one -of the

reasons. hnskgardaagheoic aiiddantdehbdlierd denditowpecbrdimyaither nombeet i ¢
di sc and hi gher density recording, the nunber of the occurrence tines can
be, for esamlecocaumesiriatihésesantbef €or efanple, saveEvadrali tises Hoeten
suppl ementary description will be given regarding Steps 26, 32 of changing
t he read herddsefedalsetimagount in Fig. 12. The of f set
| The supplementary description will be given regarding Steps
| 26, 32 of changing the read head offset amount inFig. 12. The offset
amount can be also changed based on an output resulting from the
read of the burst patterns A, B, C, D by the read head 14r, besides
15 based on the position of the carriage 15. In this case, for example,
the read head l4r is first given an offset so that outputs based
on the burst pattern A and the burst pattern D have the same value.
If the track interval is relatively wide at this time, “an absolute
value of A-B” and “an absolute‘value of C-D” become relatively
20 smaller in the read outputs on average. Therefore, by calculating
these values, variation in the track width can be found. The read
head offset amount is controlled (gradually increased) in advance
so as to eliminate such variation (in practice, when such a sign
starts to appear).
25 In the description above, the additional write as the
self-servowrite operation starts from the inner circumference side

of the magnetic disc 12 and shifts to the outer circumference side

thereof, but the additional write from the outer circumference side



anount can be al so changed based on an output resulting fromthe read of
the burst patterns A, B, C, D by the read head 14r, besides 15 based on the

position of the carriage 15. In this e, f or exanple, the read head 14r
is first given an offset so that outpui's based on the burst pattern A and
the burst pattern D have the sane value. |If the track interval is

| ativel . de ; hi ' I
Vel ve of © DRLARbeE b ErEime®E S3g 4 Br, dOIEe Hedd BapdRPLe MY e

Therefore, Leul . ese val ues, varlatlon in the track width can
be found. q%mfgggg E ﬁg%ﬁ%get anount is controlled (gradually increased)

n advance o fficlg@ldit NALEnEHGH HATIA 1ORIELR B ASHd Spectlice such

sign starts to appear) In the description a tional wite

as the S&ﬁﬁodﬁféh‘t‘.@%éé&:% AbFORy AL BefdtiB ttBethé‘Qﬁravﬁ.'n@%U”ﬁ@E epce side
of the magnetic disc 12 and shifts to the outer circunference side

theregf , . ftundeesaded a1 W théhddsOFhibe duﬂeewlehiﬁwﬁé&%ﬁg@ SEdne3 to
the inner circunference side is of course nmade possi bl e base on the sane

princi pl efollifvipgeataims nyentindendedndd Be Enbedckd therspecific

enbodi nents described here with reference to the drawings, but it 5 is

under st ood that all changes which conme within the range of the follow ng
clainms are intended to be enbraced therein. 24 WHAT IS CLAIMED IS: 1. A
di sc apparatus conprising: a disc as a recording nediunmy 5 a recording

el ement which records information on the disc;



and a read el enent which reads the information recorded on the disc,

wherein the disc includes: 10 a first servo pattern fornmed of burst

patterns and witten so as to have predgtermned repetition patterns in a

radial direction; and a second servo pattern having a first repetition

pattern portion and a second. repetition pattern portion that are

aIternatehﬁ§T1§SqﬁﬁgﬁﬁﬁpI§n the radial direction, the first repetition
rtion having sa

pattern po me repetition patterns as the repetition patterns

of the first servo pattern and witten at a position deviated in the
radial direction fromthe first servo pattern-by approximately one fourth

of a width in the rad ghséi §95drAh=CohpiPMpt pattern, 20 and the second
repetition pattern portion having same repetition patterns as the

repetition pattey gssef athg Fddorldingr ¥eapakiern and witten at a position
Wi th substantially no deviation in the radial direction fromthe first

servo pattern. 2 rébérding cippahatwisidds reebrdoridformaekshmed thébankesein a
wi dth of each track defined by the burst pattern is substantially

const ant, apgt dependent on a radial direction position thereof on the

disc. 3. The disc apparatus as set forth in claim1l1, 25 wherein the burst

patterns are fow rkaddslederiuwhichpatdagisnthe vhternaddbhi vexsordedaon the

circunferential direction are different. 4. A servo pattern wite method

conprisingisa,first step of additionally witing, on an outer side/inner
wherein the disc includes:

10 a first servo pattern formed of burst patterns and written
so as to have predetermined repetition patterns in a radial
direction; and

a second servo pattern having a first repetition pattern
portion and a second repetition pattern portion that are alternately

15 arranged in the radial direction, the first repetition pattern
portion having same repetition patterns as the repetition patterns
of the first servo pattern and written at a position deviated in
the radial direction froﬁlthe first servo pattern-by'approximately
one fourth of a width in the radial direction of the burst pattern,

20 and the second repetition pattern portion having same repetition
patterns as the repetition patterns of the first servo pattern and
written at a position with substantially no deviation in the radial
direction from the first servo pattern.
| 2. The disc apparatus as set forth in c¢laim 1,

25 wherein a width of each track defined by the burst pattern
is substantially constant, not dependent on a radial direction

position thereof on the disc.

3. The disc apparatus as set forth in claim 1,



5 side in a radial direction of a second servo pattern that has been
witten on a disc, a second servo pattern with a first offset being added
to a position of a read head so as to ep a track width constant based on
read of a first servo pattern that has been witten on the disc, and
additionally witing a first servo pattern on an outer 10 side/inner side

0 the radial difsellpnalubhe CLESLRETAR BAE Sias DAL NIAS BEEDeEd L1 On

on the disc, second e posit

head so Z\?tpésoemﬁ%%ﬁttlgﬁst FRCK Yi,dhysconst apt ahassd anate Shotdit.

addi tion tten second servo pattern, tronal wite of the

second servo pajtern a ? b heaaddint LAk Wedd& cbmy gflsgﬁg:efl rst servo

pattern being alternately executed; a second step-of cting that the

~first offset adgdesale st&e orfe@&hpélotnlamlwﬁttﬁ%r Véh Ratdiedy Bager eacded

approximately one eighth of the track width; a third step, after the

det ecty ong; @ jaddifdqanal hyr¥etiddes a?%e@oﬁacgémxsgweeﬂﬁtﬂmm heg BeeUut er
side/inner side in the radial direction of the additionally witten second

servo patfeitted bh £dikbi rd sebbselsdriroapatft}eSkith & Feest OF ffet! beifg r st
of fset being added to the position of the read head so as to keep the

track wi daddeDas aapsithiagest arrdadateat sé be tarkeép analdok width eontast servo
pattern, and 25 additionally witing a first servo pattern on an outer

si de/ i nnebasesd da read bé & ddiralt skrwecpadthent thhae haklibeearnetityten ont€me f i r st
servo pattern with a fourth offset in an opposite direction of the second
of f set bedisr adeedatidithengplsi wiraking & Hens¢adeheadpaieam oo keepulert he
track wi dth constant based on read of the additionally witten second

ser vd Opat s bieYinnee adde tinohhe¢ nadivd diredid opeebridiesEivst seavcepatb@Ent he

additional wite of the first servo pattern being
that has been written on the disc, with a second offset being added

to the position of the read head so as to keep the track width constant
. based on read of the additionally written second servo pattern, the -
" additional write of the second servo pattern and the additional write
15 of the first servo pattern being alternately executed;

a second step of detecting that the first offset added at
the read of the first servo pattern has reached approximately one
eighth of the track width;

a third step, after the detection, of additionally writing

20 a second servo pattern on an outer side/inner side in the radial
direction of the additionally written second servo pattern with a
third offset in an opposite direction of the first offset being added
to the position of the read head so as to keep the track width constant
based on read of the additionally written first servo pattern, and

25 additionally writing a first servo pattern on an outer side/inner
side in the radial direction of the additionally written first servo
pattern with a fourth offset in an opposite direction of the second

offset being added to the position of the read head so as to keep



alternately executed; and 5 a fourth step of detecting that the
third-offset added at the read of the first servo pattern has reached
approxi mately one eighth of the trac?g/vi dth, wherein the first, second,
third, and fourth s teps are repeated a plurality of times. 10 5. The
servo pattern wite nethod as set forth in claim4, further conprising:

erasing the. %%ggqﬂﬁﬁ{hvgogg{gﬁ ?éaéégcﬁ{ {_hﬁﬁ @@h&i%ti‘%hﬁ?c?eﬁn%ﬁ n the

second servo patterns Is conp e servo pattern wi od as

set forthsbdbdd AePvd patbeCr@ie adlii 8iSAAT twrQfeel B LheTsesd P i@ the

second-step and at a start of the first step after the fourth step, the
second seb¥OreRAbhal fheé adaddibhoNAiteVbf RN Faks 8 RASHd pABteLh Weing

devi ated " backward froma final wite position of the second servo pattern
alternately executed; and
5 a fourth step 6f detecting that the third offset added at -
" the read of the first servo pattern has reached approximately one
~eighth of the track width,
| wherein the first, second, third, and fourth steps are
repeated a plurality of times.
10 5. The servo pattern write method as set forth in claim 4,
- further comprising:
erasing the second servo patterns after the additional write
of all the second servo patterns is completed.
6. The servo pattern write method as set forth .in claim 4,
15 wherein at a start of the third step after the second step and at
a start of the first step after the fourth step, the second servo
pattern is additionally written at a position slightly deviated

backward from a final write position of the second servo pattern.



