TI TLE OF THE | NVENTI ON Dat a Recordi ng and/ or Reproduci ng%ﬁ’%‘é& us, and
Di sc- shaped Recordi ng Medi um BACKGROUND OF THE | NVENTI ON Fi el|ensGf utpgé

I nventi on: The present invention relates to an apparatus for
digitally recording and/or reproducing data into and/or froma di sc-shaped
recordi ng nmedi um such as a magnetic disc, optical disc or the like, and a
di sc-'shaped recordi ng nmedi umusable in tpe apparatus and into and/or from
whi ch data is recorded and/or reproduced. Description of Related Art:
Convent i onallNT LEoc QEcTHIE hINWEMN Td@Nnt o a magnetic disc, a magnetic head
I's noved radially of a magnetlc di sc zased on a osjitioning information to
nove a nmagnetic %P‘bf@b‘éger?ﬂlﬁ ﬁfpogleﬂ’lf@ UGk &h Appediatys, and

reproduced. ... The posi tj.oni formation is usually called
"tracki ng sé\&F-§i d%ﬁ&"d’éi*ﬂtﬁsre}g cﬁ{fluénso call ed track address

I ndi cative gnal indicative of a fine
position i nﬁ g“ﬁﬁ dt‘p%ﬂé @Egra m‘ﬁﬁyf@@il ng servo signal is

recor ded oq:lq,lgagliremg Ilgvgﬁtggz{lorehand by means of a device called "servo

witer"” he tracking servo signal is recorded in zones defined by
segrrentl ng a rragtl‘eltd C plies@mt I ¢HiNleait¢oni arkyatdd techamonappfr ot Wiere a
tracking servo signal is recorded wll be

digitally recording and/or reproducing data into and/or from
a disc-shaped recording medium such as a mégnetic disc,
optical disc or the like, and a disc-shaped recording medium
usable in the apparatus and into and/or from which data is
recorded and/or reproduced.
Description of Related Art:

Conventionally, to record information into a magnetic
disc, a magnetic head is moved radially of a magnetic disc
based on a positioning information to move a magnetic head
to a predetermined position, which is being reproduced.

The head positioning information is usually called
"tracking servo signal" and composed of a so-called track
address indicative of a data track number, and a fine signal
indicative of a fine position in the data track. Generally, the
tracking servo signal is recorded on a magnetic disc
beforehand by means of a device called "servo writer".

The tracking servo signal is recorded in zones defined by
segmenting a magnetic disc circumferentially. df such zones,

a one where a tracking servo signal is recorded will be



2 referred to as "servo zone" herebel ow, and a zone where no tracking
servo signal is recorded, nanely, where data is recorded, will referred to
as "data zone" herebel ow. Such a common disc format is illustrated by way
of exanple in FIG 1. In the illustrated exanple in FIG 1, the servo zones
count twelve in nunber but an actual disgc consists of tens to hundreds of
servo zones. The configuratioon of a €ommon servo zone is illustrated in
detail by way of exanple in FIG 2. = In é’he exanple illustrated in FIG
2, the servbefeREedotdiat s IO 13@BR " aBeredslown andve »ong wherernek
No., a fi netsiegal I ndi cative inldetail of @ ositioezldjn t he datg ttrack,
and a cl ock ‘FAFRBCcACEY Det tiRBA' t AR P eB&MEY of | WA di€gnGPteo 1S
extract a s K S f repl.od Lo f, ot ' | s. I

t hese si gna?geg?gg?écgﬁggd’sﬁlgrge%rtr?altgsv\h?%tﬁhi gogller eagé%éllsés}%lqg’se ,ué(i)lr a

exanpl e, inchhiemén Faaitsemtfo‘iﬁﬂhiltg%t %Hﬁlﬂ?at@ﬁ/ B3P of etymng?el 'iﬁamgqf

this patent application. F IllustrateS the configuration of
general tradkida skevidlaysteredfeeammpdeein cF IGscl dtheese sV e 8bE Oant
conponents of the system |t should be noted that other than the tracking
servo systefwied veot 11 | mpgnbgrecbutr EnGagtual disc seomsiséosn BIfG texns ato
magneti c head 9 reproduces a signal from a magnetic disc 11. The

r epr oduced gi“g’fﬂa‘le $ odnpeTYP &P BGSa reproduction anplifier 15, and then

converted The configuration of a common servo zone is illustrated
in detail by way of example in FIG. 2.

In the example illustrated in FIG. 2, the servo zone
consists of a track address indicative of a data track No., a
fine signal indicative in detail of a position in the data track,
and a clock mark located between the track address and fine
signal to extract a sync clock necessary for reproduction of
these signals. All these signals are recorded in a format
which is already disclosed, for example, in the US Patent
Application No. 08/588,020 of the Applicant of this patent
application.

FIG. 3 illustrates the configuration of a general tracking
servo system of a magnetic disc drive, showing major
components of tile system. It should be noted that other than
the tracking servo system is not illustrated in FIG. 3.

As seen from FIG. 3, a magnetic head 9 reproduces a
signal from a magnetic disc 11. The reprodu-céd signal is

amplified by a reproduction amplifier 15, and then converted



3 to adigital signal by an A/D (digital/anal og) converter 16. For

acqui sition of tracking servo signals, the digital signal is passed to a
track No. detector 17 and a fine signal detector 19. Fromthe digital
signal, the track No. detects a track No. while the fine signal detector 19
detects a fine signal. Thus, the track Ng signal and fine signal are
extracted as tracking servo signals. Wen reproduced, the fine signal
shows a val ue of 0, when the gphetic he I.s.positiqQned in the center of
a data track?® faor‘?’&éé#ﬁl é}gﬁgg QYv&I“ue‘\&s 2@.‘51 ANEHO Ela SRR YEr el ©- i s

post L1 oned 44t 2o Q0GB (14 BIL 15 € STARE) 0 158 BB "
tracking serypssigng £ %@'Naosufe'teet&@_ei? hAg riaQ"I'{gE't gigﬁﬁf' deBEEFS S

and a value indicative o e radi al position I's passe posi tiona

difference cpd cuFzbdi thevdigitat SlgitalsUipé i9dcld No 2 dedled@s0d @ alcld 386,
position. In this positional difference calculator 8, a difference

between thewhibelithe fineé signgbtdpredtioron® dietedetes finedsignalAl stheas,
posi tioning conpensator 14 is provided to generate a VCM (Voice Coil Mbtor)
control sigridle toackhNaii signadcendefinesignal agearxdnactedges Pagikings

to be zero. The VCM confjrol gignal is copverted o anal.o ignal by a
DA (digitalYdR o§1§g’éﬁiﬁ/ert§¢ﬁ$§, T&iT @ Eﬁeﬁaséga ff_gn& \?@I@I%&ri OWS vthi ch

drives a VO {0l C§£CH IwH%tnort)helomagnetic head 9 is positioned in the
center of a data track, for example, and a value of £0.5 when
the magnetic head 9 is positioned x1/2 of one track pitch off
the center of the data track.

A current position calculator 18 is provided to calculate
from the detected tracking servo signal a radial position
wh:ere the magnetic head 9 exists, and a value indicative of
the radial position is passed to a positional difference
calculator 8 which is also supplied with a value of a target
position. In this positional difference calculator 8, a
difference between the radial and target positions is
determined. )

Also a positioning compensator 14 is provided to
generate a VCM (Voice Coil Motor) control signal for the
difference between the radial and target positions to be zero.
The VCM control signal is converted to an analog signal by
a D/A (digital/analog) converter 13, and then passed to a
VCM driver 12 which drives a VCM (voice coil motor) 10.



4 The voice coil notor (VCM 10 noves the nmagnetic head 9 radially over
the magnetic disc 11. It should be appreciated that for continuous
recording and reproduction of |arge amount of data, a faster access is
possible to a spiral data track rather than to a concentric data track. It
I's assuned here that a greater anount of data than recordable on one track
for one round of a magnetic disc is to b® recorded on the magnetic disc. If
the magnetic disc has data tracks fornmed concentrically thereon, data for
one data trddkeigoi¢eseoibcmoded, (AdMhehOt meowagnth e cmagrietic nbead Qo a

t data t k i th . .of ¢t data. On th t , if th
o et o ai cadially dpes the b ge ficadise Ity hor con. ot can by e

ti | d t t j t 1, if. f i t,h
et o hond TR e flg L BE A NARY e 4F A5 MR uf ore s tiG e e
concentric gaff def ction’ gqa‘ eama%?ti%fdhﬁeagagifwst%qna%terésci@ata

tracks, a tinme redquired for magheti ¢ head to nov romone to a next of

the concent pigssddta ¢ @k?iim gt ORrdOR PREGE ithadl 56 & VdLSe APFid ddta
difficult to assure that the nmagneti c head can be noved from one to anot her

track wthi trackr edét s rd ssanmieidth erkhahaftoaegreategashoanti of datanghaunch

concentric data tracks is not so nuch suitable for recording and

r epr oduci ng T&R oitdRdleavino P i traskofet orereaund of or magnehivudisc is

recor ded ortorggrlpedcugle édsgﬁhtl?es Iingag%eetiigfgisng:[iPP’thfeO;nagnetic disc has
data tracks formed concentrically thereon, data for one data
track is first recorded, and then the magnetic head is moved
to a next data track for recording the rest of the data. On
the contrary, if the magnetic disc has a data track formed
spirally thereon, data can be continuously recorded on the
track without the necessity of moving the magnetic head from
one track to another as in the magnetic disc having the
concentric data tracks.

Also in a magnetic disc having concentric data tracks, a

time required for the magnetic head to move from one to a
next of the concentric data tracks formed on the magnetic disc
varies and it is difficult to assure that the magnetic head can
be moved from one to another track within a predetermined
time. Therefore, a magnetic disc having such concentric data
tracks is not so much suitable for recording and reproducing

an information which should be real-time or continuously

recorded or reproduced, such as image information, for



5 exanple. A magnetic disc having a data track fornmed spirally thereon is
suitably usable for such a purpose. Usual Iy, however, a tracking servo
signal is recorded concentrically on a magnetic disc, and it is extrenely
difficult to record the signal spirally on a nagnetic disc. For recording
or reproducing data with respect to a magnetic disc having concentric data
tracks fornmed thereon, it suffices to noye the nmagnetic head.a half track
pitch when a positioning inforpation is recorded concentrically on_ the
nmagneti c di éxampheand snagnesi¢odigq baving podaspitrack Seame égsp braldye
posi ti oni ng Llnformatio_n,. hﬁxj\ever itftJ S necessary to nove the magnetic head
one over tehBEFgOPnks SHdtaRlyHedRie oI SUERRPHFRQFC- It is very difficult

to attain such ayhi cecur ' Vi | c_he over

magneti c disc. &‘%&Sénﬁogﬁél‘)le&’ attggf’z(gglgg?%gg}éinﬁ&I?glep’rsodﬁ%@ﬁ’éﬁeflnto
and/or fro dESEl ;SCAhS 4 h St A S eS tosth C%Eee%ri

dat a trackgk?orrred éﬁ%tl e n%%ne%igﬁggggsl%mumb\/ﬁg IOd%ﬁ?HE N\I/El\ﬂ' ely

Accor di ngl y difhic WItese e d dwvethie08i faal adp iHi1¢gt o hOa AHAEa¥ R ct @8sc. For
above-nmenti oned drawbacks of the prior art by providing data recording

and/ or repr odeoirddngppar e¢ piso ddepngddadaf withareypeat tdasamtargarktienddsc
di sc-shaped_recordi ng nmedi um wi t hout an inproved accuracy of the
convent i onah ang apneentrimd atalityacksafod i ed otlie pgo Reditumuffases ite the

apparat us. move the magnetic head a half track pitch when a positioning

information is recorded concentrically on the magnetic disc by
means of a s--ervd writer. For spiral recording of the
positioning information, however, it is necessary to move the
magnetic head one over tens to one over hundreds of one
track pitch. It is very difficult to attain such a high accuracy
in moving the magnetic head over the magnetic disc.

Conventionally, data recording and/or reproduction into
and/or from a magnetic disc is thus made with respect to the
concentric data tracks formed on the magnetic disc.
SUMMARY OF THE INVENTION .

Accordingly, the present invention has an object to
overcome the above-mentioned drawbacks of the prior art by
providing data recording and/or reproducing apparatus adapted
to form a spiral data track on a disc-shaped recording medium
without an improved accuracy of the conventional servo
writer, and a disc-shaped recording medium usable in the

apparatus.



6 The above object can be acconplished by providing a data recording
and/ or reproduci ng apparatus in which a signal recording and/or
reproducing head is scanned over a disc-shaped recording nmedi umon
whi ch a positioning signal to nove the signal recording and/ or reproducing
head to a predeterm ned position is recorded along an arc of a concentric
circle, conprising, according to the resent invention, a neans for
detecting a positjoning sig recor ded along the arc, a _neans for
detecting a circdierabpyva Cgbls‘?‘i’i oraBnbehdcfiompdpshed batopapNiding wom

l,a f offs f d
The det ot od At Eﬁhﬁﬁfiwsf‘%ﬁZagi mﬁoﬁpﬁinga?tealaéx"e?asow 3&313&8&?&‘"‘%&% o
added to th‘?e%‘?ﬁ"dﬁkl Qﬁ] ,g{;alré &ggtcrlﬁg El:eamsaq for %& aI

spiral orbit ove Ject C acconpll y prOV|d|ng a

di sc- shaped digeQk Hapd daEdH? dBYE "G JHGRIBH W RIh 3 7% Elﬁfo:ﬁn%;
circle thereon a poSitioning sighal to nove a signal recording a

reproduci ng tbeaove aher edgnarlniread mhisig i onddod akpeodaning dlé'aﬁa tbr ack
formed spirally thereon. According to the present invention, a servo
writer havi pyedetsaminednepaséticny eas ing ciolre esbnadwinignadn orexe carf ba

used to record a tracking s rvo signal and a data track be fornmed spirally
based on t h&€ ARGLRIHG sELTH & gﬁé?mptrﬁél’%&y r?é‘r"rﬁ’f‘h% tl® ré@&rdpéﬁcﬁledtt

reproduce allnq’r %Eil\é(r)ll urremgl;n%a 5 a(ie?echtllgxg Sloeos1t10n1ng signal recorded

along the arc, a means for detecting a circumferential position
on the disc-shaped recording medium, and a means for
calculating an amount of offset from a signal indicative of the
detected circumferential position, the calculated offset amount
being added to the positioning signal to control the head for
a scan along a spiral orbit.

Also the above object can be accomplished by providing
a disc-shaped recording medium having recorded along an arc
of a concentric circle thereon a positioning signal to move a
signal recording and/or reproducing head to a predetermined
position and also having a data track formed spirally thereon.

According to the present invention, a servo writer having
a nearly same accuracy as in the conventional ones can be
used to record a tracking servo signal and a data track be
formed spirally based on the tracking servo signal, thereby
permitting to record and/or reproduce a large volume of data

at a high speed.



7 BRI EF DESCRI PTI ON OF THE DRAW NGS . These obj ects and ot her objects,
:features and advantages 'of the present intention will| becone nore apparent
fromthe followi ng detailed description of the preferred enbodinments of
present invention when taken in conjunction with the acconpanying

drawi ngs, of which: FIG | is a ske7tch of a common disc format;

FIG 2 illustrates the configuration of ‘a servo zone; FIG 3 is a

i oc ari veb BEE HESERIE BONTE PHEBRARENGR 0 ® “*"Fla 4 s 4

schermtic bl ockr 39" 3Rk te 44ACHHRErSERYOcrSYTEaTLLER aRd HRIASH (el oC

drive according enbodi nmen ’t he present Invention rom
the detecteff the present intention will become more apparent from the

following detailed description of the preferred embodiments
of present invention when taken in conjunction with the
accompanying drawings, of which:

FIG. 1 is a sketch of a common disc format;

FIG. 2 illustrates the configuration of a servo zone;

FIG. 3 is a schematic block diagram of a tracking servo
system in a common magnetic disc drive, showing its major
components of the system;

FIG. 4 is a schematic block diagram of a tracking servo
system in a magnetic disc drive according to a first
embodiment of the present invention, from the detected
tracking servo signal, showing major components of the
system;

FIG. 5 is an explanatory drawing of a spiral data tr'ack
orbit on the magnetic disc in the first embodiment;

FIG. 6 is a schematic block diagram of a tracking servo
system in a magnetic disc drive according to a second
embodiment of. the present invention from the detected
tracking servo signal, showing major components of the
system;

FIG. 7 is a schematic block diagram of a tracking servo

system in a magnetic disc drive according to a third



tracki ng servo signal, show ng major conponents of the system FIG 5
is an explanatory drawing of a spiral data track orbit on the magnetic
disc-in the first enbodi nment; FIG 6 is a schematic block diagram of a
tracking servo systemin a nmagnetic disc drive according to a second
enbodi nent of the present invention fromthe detected tracking servo
signal, showi ng naj or conponents of the 35ystem FIG 7 is a schematic

bl ock di agr am trackin rvo system _in a, magnetic disc_drive
accor di ngg t%m%é"%ttﬁ 9 ?1 present invention from sthepodiereate df

t he present Vi on_fr ec trackln .servo si showi n

naj or corrpon{e Q{i tﬁgrg?stglrﬁgﬂ lgﬁ%w’B‘Wst% %ﬁer‘f“é’[me%ﬁ\"o‘tﬁé dP® gr&?‘ﬁ'of
a tracking sbe};y Iﬁystem in a magnetic disc drive according to a fourth
enbodi ment of e present invention fromthe detected

FIG. 8 is a schematic block diagram of a tracking servo
system in a magnetic disc drive according to a fourth
embodiment of the pfesent invention from the detected
tracking servo signal, showing_ major components of the
system; '

FIG. 9 illustrates an example of an ideal fine signal
detection characteristic;

FIG. 10 illustrates an example of a fine signal detection
characteristic of an actual magnetic disc drive; |

FIG. 11 illustrates, by way of example, a disc format in
which semi-circular data tracks are formed according to a
fifth embodiment of the present invention; and

FIG. 12 illustrates, by way of example, a disc format in
which quarter circular data tracks are formed according to a
sixth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Prior to p-roceeding to a detailed description of the
preferred embodiments of the present invention, the principle
of the present invention will be discussed herebelow in
comparison with the prior art for a better un&erstanding of

the present invention.



tracki ng servo signal, show ng major conponents of the system FIG 9
sillustrates an exanple of an ideal fine signal detection characteristic;
FIG-10 illustrates an exanple of a fine 'signal detection characteristic of
an actual nmagnetic disc drive; FIG 11 illustrates, by way of exanple,
a disc format in which sem -circular datﬁ tracks are formed according to a
fifth enbodi ment of the present invention; and FIG 12 illustrates, by

way of exanple, a disc . format in which quarter circular data, tracks are
formed accor di ng*£695ddngt hO P ATRSAN LANVEE thPBschicOmYERtioRal ey e ED

DESCRI PTI ON_ OF, THE E D _ENB MENTS Pr.i. . '

detail ed Qeg’(fffeplf ia&ﬁa‘%&% 65&03% ébn earTﬂB&i%%tltlgr g}’gfﬁéoﬁ'wgit%fg‘mi on,
the princip :gllttuf'ﬁd%e%@ﬂ{?h“xe%égﬁe‘é’ié'hggdd'i C%&@Qd“@b@ﬁﬂ %F' hi1
conmpari son w he prior art for a Better understanding of the presen

invention. track pitch at each time, can be used to reé6£@ §u"tdch HE
present invention, a conventional servo witer adapted to record on a

magneti ¢ di senaehtaiki dgtsetrvacbs gfiar medlesn Wik € hmaa gregniet idiskear s srveved
about a half track pitch at each tinme, can be used to record on each of
concentric sigmal rimgdaidiorgreal o alia gresgrn ¢ csifinel aardevowdiiginla i datadi ng
a tracking servo,signal ynder ich a data track is fornmed spirally on the
magnetic did@ck is formed splrmy on the magnetic disc

To this end, an information indicative of a
circumferential position on the magnetic disc is recorded
beforehand in a part of the tracking servo signal. By
reproducing‘this information, it is possible to know a relative
éngle 0 (radian) from a disc-circumferential reference point
at a position where the magnetic head exists.

Of the tracking servo signal, a track address may be
regarded as an integer part of a radius of the magnetic disc,
and a fine signal as a decimal part of the radius. Therefore,
under an assumption that a track address provided by
reproducing the tracking servo signal is a and a fine signal is
f (-0.5 < f < 0.5), the radial position of the magnetic head
can be expressed as follows:

r=a+f (D
Generally in the conventional apparatus, the magnetic head is
subjected to such a tracking servo control that a signal of

zero is obtainable from the fine signal, namely,

r=a (2)



To this end, an information indicative - of a circunferential
position on the magnetic disc is recorded beforehand in a part of the

tracking servo signal. By reproducing this information, it is-possible
to know a relative angle [err] (radian) froma disc-circunferential
reference point at a position where the magnetic head exi sts. O the

tracking servo signal, a track address mpy be regarded as an integer part

of a radius of the magnetic disc, and a fine ,signal as a decinmal part of
the radius. Ther &@8rthe geatrary ashignmasnethathead, b uhideed goosiurdy by

reproduci ng the tracking servo siqgnal, i and.a fine si.gnal.is f (0.5 < f
L0l 8y “the 4 darakings AErR SORtDInthpEeRe Radael MOsRiBR theteatols o5
fol | ows: £ low§==a+f (1)
General ly in(phe conventi onal apparatus, the magnetic head is subjected to
such a tracking servorcengrplgtpat a signal of zero is obtainable framthe
fine signal, nanely, r=a

(2) Thus, when the magnetic dfsc is othbedceontr aryunidleansgigii c
head is subjected to such a tracking servo control that the radi al position

thereof is adafoltreek: is [forthethochichears offsetgmmei tratils piits br framedime
around, a spiral data track is fornmed which is offset one track pitch from
the precedi fereding om@sune here that a magnetic disc has a number n of

Assume here that a magnetic disc has a number n of
servo zones and a number m of servo zomnes from a
circumferential reference point under data reproduction.
Then, a following relation can be obtained:

r'=a+ m/n (4)
Therefore, no complicated calculation 1is required for
formatting the magnetic disc.

More particularly, the present invention permits to use
a servo writer having a nearly same accuracy as that of the
conventional servo writer to record a tracking servo signal
under which a data track can be formed spirally on a magnetic
disc, thereby permitting to record and/or reproduce a large
amount of data at a high speed.

To implement the above, the data recording and/or
reproducing apparatus (magnetic disc drive) according to the
present invention uses a magnetic disc formatted so that servo
zones and data zones are formed alternately as illustrated in

FIG. 1. The servo zone in the disc format has a detail



servo zones and a nunber m of servo zones froma circunferential reference
:poi nt under data reproduction. Then, a follow ng relation can be obtai ned:
rlerr] = a + nin : (4) Therefore, no conplicated
calculation is required for formatting the magnetic disc. Mor e

particularly, the present invention perjyts to use a servo witer having a
nearly same accuracy as that of the convVentional servo witer to record a

tracki ng servo_signal, under which a data tr%;k can be forned spirally on a
magnetic disenfigrap hasiillysyatsd dacFdGnd/ orAsepeeauéeom |BIge Znmount
of data at a hi

h To_inmpl .h .. the d di
and/ or repr%ﬁc’?ﬂ@ﬁ%%&répﬁs“tﬁ%tlﬁggl‘?gggcsén%rl? \/Seéstf,lére&?ﬁbwlfo slpﬁ?gsent

i nvention ti [ f.ar et h v 0 t ones
are for rredeZ: ie?na@ ePg_' a??ltlil&sts%é-@drzﬁg]%qea_ q%rt%?ﬁl_egsréer @§§zg§&?2 lﬁé
disc formatrdasrdedeiid track addr&?@fﬂ&{fﬁdi@_?&ny£U§§ééi§ﬂ ﬂﬂtféﬁ 2.
As seen fromFI G 2, one round of the nagnetic disc includes tens to

hundr eds ofimkioatizenes. aOdikke ciecum farantiad ceféminconpo{nt Ewit) Bes
recorded in a track address recording zone a special pattern indicative of
a di sc-ci r oafienred: talas dthaormecendext hererft¢r) .r Vdrared etpo cabu ¢ adpetliaidex”
hereafter). Wen reproduced, the special, pattern_reyeals the position of
the hone irtR&elial pagtern ze the Rowitigar afiths BomeindeXng servo

system consi sting of 18] of (CPIPRRE" SohPi SulBAWH ' 6695 tracking servo
system consisting of major components in a magnetic disc
drive according to the first embodiment of data recording
and/or reproducing apparatus of the present invention. It
should be noted that other than the configuration of the
tracking servo system is not illustrated in FIG. 4.

As illustrated in FIG. 4, a signal reproduced from a
magnetic disc 21 by a reproducing or magnetic head (will be
referred to simply as "head" hereinafter) 40 is amplified by
a reproduction amplifier 25, and then converted to a digital
signal by an A/D converter 26. From this digital signal, a
track No. detector 27 detects a track No. while a fine signal
detector 29 detqcts a fine signal. These track No. and fine
signals are extracted as the tracking servo signals. When the
fine signal is reproduced, a value of 0 is provided when the
head 40 is positioned in the center of a data track, for
example, and a value of £0.5 is provided when the head 40 is

offset +% of one track pitch from the center of the data track.



dri\ve according to the first enbodi ment of data recordi ng and/ or

:reproduci ng apparatus of the present invention. It should be noted that
ot her than the configuration of the tracking servo systemis not-
illustrated in FIG 4. As illustrated in FIG 4, a signal reproduced

froma magnetic disc 21 by a reproducing or magnetic head (will be referred
to sinply as "head" hereinafter) 40 is b&plified by a reproduction

lifier 25, h d digital,signal by an A/D
26, From this dii SATFeRbRnsiom SefeRbt ol AR & Providehte Salt ULk Ko,
while a fing 51Ny Hif ﬁ?é?{r A2 S Hd 24 b' BPoml ¥ - J&eéﬁeenrfr%kcmrﬁea”d

fine signals are extr the tracking servo signals

signal is r@@f@@%ap Wl Halld SnliRYGE Mefhéheaqu ‘U%l'tf'on is
positioned in the centér of a data track, for exanple, and a va ue of 0.5

i's provi ded%wsleéldtt’rwahpadxﬁmnsl diffetedée oflclatora¢k. pitch fromthe
center of the data track 12 A

current positiorFeethat,at er erdumbeoendial t p cslttahatdete etk a3 Gosi ison
of the head 40 tromthe det ectfd trackl ng servo,signal, and a val ue
i ndi cati ve PFovhéedatn o eﬁfd‘sﬁt thgdigttalosignadi debigred drome idee

| cul at 4 F nt tial t t 30
o ovi ded { AR &ARVEFS (6 T HeEYGASF Qe ORa LA Yonh ERE Rognted

converter ﬁf;; axfl foas éeEYPc&@R?FO 141 bP é‘é e‘S’oiﬁPm g ﬁifsc end

circunfere erence ol n hi's e rcunf erent POsSI tion
detector 30t19@”8it&?§1f%r@%ff?al nﬁ@mﬂm@cue&eeedrasm%ﬁr Mi3e§h o€ Ol hife

servo zones over which the head 40 has noved after passing by the hone
i ndex. index detector and a counter which counts servo zones over
which the head 40 has moved after passing by the home index.
An offset calculator 31 is provided to calculate an offset
amount from the current servo zone No. Under an assumption
that a number of servo zones per round of the hagnetic disc
is m and the current servo zone No. is n (0 < n <m), the
offset calculator 31 calculates the offset amount using the
following relation:
Offset = n/m - 0.5 : (5)
The offset amount calculated by the offset calculator 31 is
supplied to the positional difference calculator 41.
The positional difference calculator 41 is also supplied
with a signal indicative of a target position, and determines
a difference between a sum of the target position and offset

amount and the current radial position.

Also a positioning compensator 24 is provided to



An offset calculator 31 is provided to cal culate an offset amount fromthe
current servo zone No. Under an assunpti-on-that a nunber of servo zones per
round of the nmagnetic disc is mand the current servo zone No. is n (0 <n
<m, the offset calculator 31 calculates the offset anpbunt using the
followi ng rel ation: Ofset = n/fm- 0.5

(5) The offset anount cal cul ated by the Iffset calculator 31 is supplied to

it di f f I Al Th [t | diff
et col at or BEneranes YEM et siskiagfor i mg ﬁﬁféyls%gqae betwgen the
it ' [ t t et position
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conpensat or rgdihb Pb9Mid8d t The VCM control signal is c%nverted i‘? an
‘generate a VCM control signal for no difference between the sum of the

target posianalogndighladebyanpiAandnivertesr 280t afhddiRenPeGipiplged fheaVCM
control signal is converted to an analog signal by a DA convérter 23, and
t hen suppl i ¥CM drivew a2 wehick dhivds dr MEM 2 0/CVITAR vbieevobit moitbr
motor (VCM ,poves the head 40 radially over the magnetic disc 21. The
af or enent i oh¥EMhaxoKgssth¢hegd: &fh radiald ynegan thedmagme tice discordi-ng

o the Tirst g repl ot LIt R ePETL nront.cn, Lanct Lons g vl e
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invention functions as will be described herebelow with
reference to FIG. 5:

In FIG. 5, imaginary concentric circles are depicted with
solid lines. A servo signal for each track is recorded on the
magnetic disc 21 concentrically along each circle shown with
the solid line. Each of the imaginary concentric circles is
depicted with a continuous solid line, but it should be
appreciated that actual servo zones and data zones are formed
alternately as illustrated in FIG. 1. As illustrated in FIG. 5,

a servo signal indicative of a track No. t given as a target
position is recorded in a concentric track indicated with a
referegce SPt.

The amouné of offset calculated by the offset calculator
31 is -0.5 when the head 40 in a servo zone in which the
home index is just present. It will increase as the magnetic

disc 21 rotates, and becomes zero when the magnetic disc 21

has rotated a half round from the home index. As the



magneti c disc 21 concentrically along each circle shown with the solid
ine. Each of the imaginary concentric circles is depicted with a
conttnuous solid line, but it should be appreciated that actual servo zones
and data zones are fornmed alternately as illustrated in FIG 1. As
illustrated in FIG 5, a servo signal indicative of a track No. t given as
a target position is recorded in a concéftric track indicated with a

ref erence SPt. . The, anpbunt .of of fset cal cul ated t he of fset c¢al cul ator
31 is -0.5 WHEREHS L EUELRGE VEO LSS ﬁﬁﬁhPéEXFﬁe“W&dﬂbﬂFn‘ﬂé i&ej ust

present. It_wll increasg as neti,e disc 21 .rotates, and hecones, zero
when t he rra@ﬁngtuitc +gk?55§ ?%%swgt g?eg%fa4ﬁa|%°W8&n&W r%nf“-h‘.g #ORS i RSk

As the . 14 magnetic disc 21 further

rot at es, th%eg?fgeat ne?n’%ulrll?mvme Ilfldbeex'about +0.5 when the head 40 cones in a

servo zone just PREChfGuRexéf OB dtNd@sXadded THetREOUHg el p@fslieRdni fopdded
to the target position for positioning the head 40 so that when the

magneti c dipos2tioming dhat hd achet @ sionthabewheadti6 miagnemicedbce &5 loas
track obliquely for a servo signal recorded concentrically. Nanely, the
head 40 wi|ftotafiedeane dugpi,r dhesdwemidnd brwiill Tmaee i agreaseond ttrack

anoxt homeobRisselyitarsa seT¥ackBRRT Fesorded Gonspr el iy g amelys on,
S0 12 (Meea 40 W1 PPPSTLIERORE hoRRiRECIBABIGNG RS FEE
indicated with a dashed line in FIG. 5.

When the head 40 comes to a servo zone in which a next
home index exists, a track No. t + 1 is given as a tafget
position, so that the head 40 will be positioned along a
continuous spiral scanning orbit.

Bﬁr recording or reproducing data while positioning the
head 40 as in the above, a spiral data track can be formed in
a data zone.

It should be appreciated that the signal processing by the
offset calculator 31, current position calculator 28, positional
difference calculator 41 for calculation of a difference
between a target position and a current position, positioning
compensator 24, etc. as in FIG. 4 can be done by a software
called "Digital Signal Processor (DSP)".

As having been described in the foregoing, the first
embodiment of the present invention permits to record a

tracking servo signal using a servo writer having a generally



head 40 as in the above, a spiral data track can be forned in a data zone.
it shoul d be appreciated that the signal processing by the offset -

cal cul ator 31, current position calculator 28, positional difference
calculator 41 for calculation of a difference between a target position and
a current position, positioning conpensator 24, etc. as in FIG 4 can be
done by a software called "Digital Si gna}sProcessor (DSP) ". As havi ng

been described in_the foregai the first embodi ment of the present
i nvention pedtfs2tEUrasy, sa“?? a%%ﬁﬁnéb?ﬁﬁirg?‘bﬁalt%@sti'rﬁgta §8Vv R WaTtved

having a ger‘/@fgelry whicﬁatpriovides a tracking seryg s\m%@f%gﬁﬁé&g Zﬁ]ye as

t he convention one, t s to say, a ser

tracking semgadi 8nkhlf ot rEe pieddra "2l datd agk i tsﬁ{]l'raflpg; 3543l dn
track spirally based on the tracking servo signal, and GE Fecord o
reproduce a thar geackingtsof vdatigmdl,aahdgths9eedord or #epid@ubie sllarge
enbodi nent, the head is continuously noved from the inner toward the
outer circurfmpandeofdtatanatmdrigh spdiesc, for exanple, while the head is

under tracking. Theref 8{/& in case, recording, for exanple, of a certain
amount of data i $0f BRe fidqtgmbadiment, fhedeadushepatény onsdy daoaeids

Femai ni ng. 4¢3 n et wEEF Rk EREATY o theo 0 BUpEr é1r AU TMEFRORRS bREN the
(£Eed, LishghEle af, T Ragle SR RO 1Y ARgHP a5
outer circumieéedfere, TR L{OTRcor FRY POL'SEARMDIO of & UePtifh BAmount
of data is followed by a slight idling time before a next data
is transmitted from a host computer, and then followed by
recording of remaining data in a data track next to a one
where the data has been recorded, that is to say, when an
_intermittent recording is done, the head will have moved
continuously along the spiral data track orbit toward the outer
circumference. Therefore, a seek operation for return to a
position where the recording is complete, is required.
To meet the above requirement, the second embodiment
of the present invention further comprises a hold circuit 32
as i111_1strated in_ FIG. 6, in addition to the major components
shown in FIG. 4. Thus, it is also possible to change':or hold
an amount of offset depending upon whether the apparatus is
recording or reproducing data or idling. It should be noted
that in FIG. 6, same components as in FIG. 4 are indicated

with same references and they will not be further described.



poéition where the recording is conplete, is required. To nmeet the
.above requirenent, the second enbodi nent of the present invention further

conprises a hold circuit 32 as illustrated in FIG 6, in addition to the
maj or components shown in FIG 4. Thus, it is also possible to change or
hol d an anount of offset dependi ng upon whether the apparatus is recording
or reproducing data or idling. It shoul'd be noted that in FIG 6, same
conponents as i 4 are I ndi cat.ed,wi t h sane references 20 t he

not be further &‘B ad”' émbodiment,  Whe g “th V&*’n t he

second erbogh gy atmqu@ QRFALLANTIBHE %Y A1 Eoph gﬁ' PRkaepi L Om 2

host conputer, Tor exa cates that a a I’ hg or reprbduttion
is in progrgsdicatesOthattla mn&eé%rldﬁntg_rerfté fo 8RO AEIY ihS aslgi!ésgo a
target position by the hold circuit 32 hus he head 40 is splra y
tracked duramgoffieetiadmoweeoras ngnotheefirztueimbodimenOnis heddert ray ya

when the operation-node designate signal indicates an idling for no
data recortinggt posiépendbyt |th|¢ htd"lei leakdust r?rlu t Beubplthe dread f40t is
anount agai nst hang the idli t he head 40 | s tracked
concentri caﬂ?‘f tt‘t?:fg(%‘!é{)]!;‘ ﬁu EE‘P;W&P 1%\9%%"&{% BAUEIMB- magneti c
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interruptedreproduction, the hold circuit 32 holds an offset amount
against changing. Thus, during the idling, the head 40 is
tracked concentrically and thus stays continuously at a same
radius on the magnetic disc 21.

As having been described in the foregoing, the second
embodiment of he present invention permits to prevent the
head from moving along the spiral data track orbit during
suspension of an intermittent data recording or reprodlict'ion,
thereby making it unnecessary, for resuming the interrupted
recording or reproduction, to return the head to a position
where the recording or reproduction has been interrupted. -

T.herefore, the recording or reproduction once suspended
can be resumed' quickly, that is to say, a speedy access 1is
possible to a desired data track.

For continuous recording or reproducing a large amount

of data, a spiral data track is advantageous in that speedy

access to a data track. According to the present invention,



recording or reproduction, to return the head to a position where the
.recordi ng or reproduction has been interrupted. Therefore, the
recordi ng or reproduction once suspended can be resuned quickly, that is to
say, a speedy access is possible to a desired data track. For
continuous recording or reproducing a | arge anount of data, a spiral data
track i s advantageous in that speedy act®ss to a data track. According to
the present,invention, 17 however,

concentric B YFEcRONGEP Hict Brfadrasks fanphepfrEmsd frehmpurpose

char acter | Hf it of? e ERACHT, {Ekdrih 8 oL Peblifhbiy' fptativey
configurati %ﬂf‘tﬁ? ggicrlpégn"ggg}ggpérwﬂifglgnpmoiﬂp! ement the above. It

shoul d be note In Fl , sanme conponents as in FIG 5 are indicated

with sane referenp@s Rridlabeyatdd lanneixdxgplerépahedewaifigedation oFceliéi ng
to this enbodinent, the magnetic disc drive is adapted to formon a

magnet i ¢ di tleirzil eanbordd m enwhivdti cdorocaantima pl elmtean tt thek s banvee .f of rexh @alid a
zone in which a spiral data track is formed. For this purpose, the
magnetic diBe acited fthathin FdirileSams SQAMPOKERts e irafFdiG coparent s

shown in FIG ,4, a tric/spiral i t chi ' i t..33, 1{ch 35.
The concent eI sfe WERRt enTHG R fae o8 Reflefheyumridh hofrBeDgirbhiga on

t he magnetigeg"l:ﬂ:bg& concentric data tracks or a spiral data track. The
switch 35 is“turned on or off, under a select signal supplied fromthe

concentric/spirahccording to this embodiment, the magnetic disc drive is
adapted to form on a magnetic disc 21 a zone in which
concentric data tracks are formed and a zone in which a spiral
data track is formed. For this purpose, the magnetic disc
drive further comprises, in addition to the major components
shown in FIG. 4, a concentric/spiral switching circuit 33, and
a switch 35.

The concentric/spiral switching circuit 33 selects which
is to be formed on the magnetic disc 21 concentric data tracks
or a spiral data track. The switch 35 is turned on or off,
under a select signal supplied from the concentric/spiral
switching circuit 33, to supply or not an offset amount from
the offset calculator 31 to the positional difference calculator
41. |

To form a spiral data track, for example, on the magnetic
disc 21, the concentric/spiral switching circuit 33 delivers a

switch-on signal to close the switch 35 through which the



switching circuit 33, to supply or not an offset anmpbunt fromthe offset
.calculator 31 to the positional difference cal cul ator 41. To forma
spiral data track, for exanple, on the magnetic disc 21, the
concentric/spiral switching circuit 33 delivers a switch-on signal to close
the switch 35 through which the 18

of fset anpunt is added to the target pé8ition. Thus, the head 40 is tracked

irally. th ther h it.is intended t tri
IR TR T X A R g TR AR A Ry P T
t he concent (?q/ssga}rﬁ{ef\@gtﬁgppg circuit 33 to the switch 35 which will thus
So 't ha he of f set

be turned o anmount will not be added to the target

position. Thus, dfie {1ead dthés WHaArded WHRAENGEI Gl | YntendedS W8V pgrheen
described in the foregoing, the third enbodiment permts to formon a sane

magneti c dicsen@énérixpidada danakisr aak thred mapgaenicidivatal | radwitolges her

ei ther of which can be used depending on the type of an infornmation to be
recor ded orsigamlotuisap tilesk £b9 npdhiei comeg nbriops pimah switohinigecimgnéti c
di sc drive. In the first mbodi t . havin previ ously been

descri bed, ¥hetakdens vortobs ﬁssetwﬁécbawggréthétﬁ s ?‘Qrpﬁél Pdif] 5% Hyat the
Ofset = n/ However , . sel eglil} whet her

< Q.5 . t
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t owar d out etrhechreca%%rFé‘??acﬂ%dvlzﬁﬁcveei{ﬁ?ca!lfy.f or med on the magnetic disc

As having been described in the foregoing, the third
embodiment permits to form on a same magnetic disc 21 a
spiral data track and concentric data tracks together either of
which can be used depending on the type of an information to
be recorded or reproduced, thereby permitting an optimum run
of the magnetic disc drive.

In the first embodiment having previously been
described,” the amount of offset is calculated using the
following:

Offset =n/m - 0.5 (6)
However, to select whether a spiral data track along which
the he_ad 40 will be moved from the inner toward outer
circumference, ;>r vice versa, is formed on the magnetic disc
21, the above relation is changed as follows for use in the
fourth embodiment of the present invention:

Offset = -(n/m - 0.5) ' (7

FIG. 8 illustrates an example of the configuration of the



21, the above relation is changed as follows for use in the fourth

.enbodi nrent of the present invention: Ofset = -(n/m- 0.5)

(7) - FIG 8 illustrates an exanple of the configuration of the

19 fourth enbodi ment which can inplenent the above. It should be noted that
in FIG 8, sanme conponents as in FIG 5 are indicated with sane references
and they will not be further described 19 The fourth enbodinment will be

expl ai ned cgncerni ng, an,_exanpl e in which a spiral data track is forned. on
one of the ¥oBRth &AbodimendeWhichy canghmnlement the abo s r bt sawldrack

formed . on e si being an i rsg on, of a one forned on the er. si de.
The magnetPe Sated that, B EIXE Hndeatns cBilpoRsiten SaniBAF R 5 A1e

I [1ustrat edirL iddfed évgfﬁté‘fﬁlecmeﬁi%eé b Addgd “wgglt 5t "5 Ofurther
conmponents shown 1 n Fl 4, a sign inversion circult rch s supplied
with a sidejggstiye@de signal froma host conputer or the like, for exanple.
The side designate signal designates either the front or rear side of a
magnetic di sc 21T mbefeuatlspe m¥l o dima ritr aci{1i Bet expéaiwe dedonTleuningg wairal
data track can be formed on one sjide of the magnetic disc 21 to be an

i nver si on otxammle tinawhich o2 ipiital diadaottagk disdéormed pmprnal ofathe
track al ong.which the head 40 is ved fromthe inner toward oute

i rount er onEORERRA FEARREIBRS AS Fr REETEALS ﬁb?ce%&np}%, sP1kahedta i c

?lhzc 21, Wh%rlaecka tscprlnrl%ld g%t %r}er aq ealb%q g\A@nCQnth%slilggdoéoaIgngoilgldmfercf)m

on the other side. '

The magnetic disc drive according to the fourth
embodiment illustrated in FIG. 8 further comprises, in
addition to the major components shown in FIG. 4, a sign
inversion circuit 34 which is supplied with a side designate
signal from a host computer or the like, for example. The
side designate signal designates either the front or rear side
of a magnetic disc 21 where a spiral data track is to be
formed. Thus, a spiral data track can be formed on one side
of the magnetic disc 21 to be an inversion of a one that is
formed on the other side.

A spiral data track along which the head 40 is moved
from the inner toward outer circumference can be formed on
the front side, for example, of a magnetic disc 21, while ‘a
spiral data track along which the head 40 is moved from the

outer toward inner circumference can be formed on the rear

side.



outer toward inner circunference can be fornmed on the rear side.

.20 Assune here that data recording is to be started at the inner
circunference of the front side of the magnetic disc 21 and nmade in al
data zones on the front side. In this case, the head 40 will stay at the
outernost circunference of the front side of the magnetic disc 21. Wth
t he head 40 noved to a position for readong the rear side of the magnetic

disc 21 and the sign of the offset anpbunt chapged, by the sign inversion
circuit 34, the AsSgme Bgrer 4Batgdasd arefoRgIRBeiSHio de getagtedacd fhel e

' f .t h t t d | ' nf : | f doubl g .h 40
Consi ot ng SRAERothEemeTETF A 4 afie” EHBRF iAo the mafultlis A 360712
tic di ' d,apd h h b whi |
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that a singkpehaad dYUehaullll P yoyedhie YitfeimbsPéirtcumeerencde off the
magnetic disc 21, or vice versa, for reading or witing data on each side
of the magn€roatditsde 2df the maghatioodbser? Hes@Witledlie) Hdwed f 90egpovgd t he
fourth enbodi nent of the present invention permts to forma spiral data
track on thtofagnesitioa §6raerndirgi theirear2sidadbihehmaguetis disan21
I nverted one o tge spi ral atgqetrag% formed on the front, sjde. Also, if
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the double B €coHéifst P ghddmopntnehangedanbyr ddie ssaga,
respectivel ¥nvoefrs?or1{a Heehit 34, the head 40 can record data along the

spiral data track while moving from the outer foward inner
circumference.

If a double head 40 consisting of two heads for the front
and rear sides, respective.ly, of a magnetic disc 21 is used and
both the heads are movable by a head arm while being
interlocked with eéch other, could be used, it will not be
necessary that a single head 40 should be moved from the
frqnt to rear side of a magnetic disc 21, or vice versa, for
reading or writing data on each side of the magnetic disc 21.

As having been described in the foregoing, the fourth
embodiment of the present invention permits to form a spiral
data f_rack~on th_e front side of a magnetic disc 21 and on the
rear side an inverted one of the spiral data track formed on
the front side. Also, if the double head 40 consisting of two
heads for the front and rear sides, respectively, of a magnetic
disc 21, both the heads being movable by a head arm while

being interlocked with each other, could be used as mentioned



disc 21, both the heads being novable by a head armwhil e being interl ocked
.With each other,; could be used as nentioned

21 above, a larger anount of data than recordabl e on one side of the
magneti c disc 21 can be continuously recorded onto the nmagnetic disc

wi thout a head seek tine which would be required for noving a single head
40 from one magnetic disc side where daua_reading I's conplete to the ot her

di sc side, and thus.,data can be r epr odu & at a h| eed
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aligned with The data track and it has values of 70.5 when the head 40 is a

hal f track meiqwired fforhmdévies. al simglectiesrd 40vEAN, one megheeait 4liscs
off, that is to say, beyond or short of, the center of the data track
because thslﬁmaokhprecﬂana meadpn@pusebprnpﬂntecknnthwt¢nh¢madushrmrde;he
head 40 or for a simlar reason, the characteristic line will deviate from
a straight anhdhus dataacan ibe mec&oraderésoxmqpsrtqtb%adl at @ dighospeed he

charcterl ot < et R Uk bot A SAUTSTY ek BEiimnt e S n ANl O
e hev R RbAIC ES GO0FA DB Y Thel fiieuph T Ele
cal cul ator B4 gH®¥1d95r e 1A YIS h AP0 WH Mfeaq 5hia'i‘a€"té|?fstti9 as shown in
FIG. 9. That is to say, it is ideal that the fine signal has a
value of 0 when the reproduction or head 40 is just aligned
with the data track _dnd it has values of 70.5 when the head
40 is a half track pitch off the track. In practice, however,
as the head 40 is off, that is to say, beyond or short of, the
center of the data track because the track pitch is mnot
precisely coincident with the width of the head 40 or for a
sinﬁlar reason, the characteristic line will deviate from a
straight line illustrated in FIG. 9, as illustrated in FIG. 10.
If the characteristic line is much off the straight line, the
radial p051t10n of the head 40 will not accurately reflect an
offset amount calculated in the manner having been described
concerning the first to fourth embodiments as the case may
be.

Take a case, for example, in which when the offset

calculator 31 provides an offset amount of 0.5 in order to



22 position the head 40 a half track pitch off the center of the servo
signal where near the hone index, the fine signal characteristic is on the
order  of 0.4 as illustrated in FIG 10. In this case, since the positional
difference of the head 40 with respect to the target position is not 0, no
normal positioning i s possible. Therefore, no spiral data track can
be formed accurately in the spiral forma this case. To sol ve the

fifth,enbpdj ' d ' to which servo
S omer B oni dat Stk SR A OCR B RsRBR §43BC Rer e iqz@yiﬁaaf tisung
| [ t ' t in Fl .~ _FOr_ exa e,
Same Serve ol StpHaf WREEE HEA® e WaikCIddex! Y fingo sZRAD L
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a pitch

are recorded at a position of a radius shifted a h trac h Tromthat
in the forndm htdlis cased. siineeseheopwrsitioni indiffers nic@ 'Lk i &gdsiggnal s
A, B, X and Y at positions shifted a half track pitch fromone another, so

that a pattevitkafieppesssitoy thengarigetwipehitiemvoisi godl 0 araor egofdedl at

positions shifted a.half track riitch for each half round of a magnetic

di sc. THROHIAPBABEaLS BP Fiblge apparatus for forming a spiral data

thi s enbodi mont . HGWEVAEE RE SPALR] CAATaratl can DA Cormedh aah whaARlY of
of fset as Wil tIP€ spiral form in this case.

To solve the above problem, the fifth embodiment is
proposed according to which servo signals shifted a half track
pitch from one to another at every half round of the magnetic
disk are generated as illustrated in FIG. 11. For example,
same servo signals are recorded at a position of a same radius
for one half round from the home index, while for the other
half round, servo signals are recorded at a position of a
radius shifted a half track pitch from that in the former half
round. The servo writer functions to record fine signals A,
B, X and Y at positions shifted a half track pitch from one
another, so that a pattern can be easily formed in which servo
signals are reco;ded at positions shifted a half track pitch for
each half round of a magnetic disc.

The configuration of the apparatus for forming a spiral
data track on a magnetic disc 21 thus formatted is the same
as in FIG. 4. In this embodiment, howevér, the offset

calculator 31 calculates an amount of offset as will be



23 ‘di scussed bel.ow. Nanely, it is assumed now that the magnetic disc 21
.has forned thereon a nunber m of ~servo zones per round and a current servo
zone  nunber within which the head 40 stays is n (0 <n <m. Under this

assunption, an anount of offset is calculated as follows: Wen n < m 2,
Ofset = nfm- 0.25 (8) Wien n > nl 2,
Ofset = n/m- 0.75 23 (9 The tracking servo

system of a _pagnetic¢ disc drive wrking as in the fifth enbodi nent
functions adiggnssed deekeWhed MIRBLYow U t hSr AETWREH t Bopy Gthat the |

FIG 11, i i A tLi i icted b 1 -circl t
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recorded on a sem*™circular track 1 ndi ca?ed wth a reference ) I]’he

amount of offisiih ceheulld £8 @0 t beapé f 86t nCqlocukatpr<3ini s -@J@é]gr'h(iﬁi&he

head 40 is wthin a servo zone including the servo index. The offset
amount W | | appergpd@ms dihanvegmtt 6 € affsetZiks calatbsted \Wiefiolhewsagnet i c
disc 21 has rotated a quarter round fromthe hone index, the anmount of
offset will be OWhenthe& mfhetic disc 21 further rotates, the amount of
offset will increase (gﬁresponZi ngla/. When the magnetic disc 21 reaches a
position just before $%§ F RAe- C.25 23 (8

When n > m/2,

Offset =n/m - 0.75 (%)

The tracking servo system of a magnetic disc drive
working as in the fifth embodiment functions as will be
described herebelow with reference to FIG. 11.

In FIG. 11, imaginary concentric circles are depicted by
semi-circles (two concentric semi-circles, inner and outer)
indicated with solid lines. As shown, a signal indicative of
a track No. t given as a target position is recorded on a
semi-circular track indicated with a reference SPt.

The amount of offset calculated by the offset calculator
31 is -0.25 when the head 40 is within a servo zone including
the servo index. The offset amount will increase as the
magnetic disc 21 rotates. When the magnetic disc 21 has
rotated a quarter round from the home index, the amount of
offset will be 0. As the magnetic disc 21 further rotates, the
amount of offset will increase correspondingl-y. When the

magnetic disc 21 reaches a position just before it will have

23



24 rotated a quarter round fromthe hone index, the offset amount will be
+0.25. Furthernore, when the head 40 is within a next servo zone, the
of fset anmpbunt is -0.25. As the magnetic disc 21 rotates, the offset ampunt

wi |l increase as nentioned above. Wen the nmagnetic disc 21 has rotated
three fourths of a round fromthe honme index, the offset amount will be O.
As the magnetic disc 21 further rotates24the offset anount will increase

correspondi ngl.y.. MWen the nmagnetic,disc reagchesg a posjtion just befgre a
next hone ir{g)e'é',tefihea ofifiaTte s, FOH MY, IflsmlS‘é igeoqrome &¥di ﬁEet he gﬁﬁ)ﬁmt

of offset G hbiangei ST L0D S |Bullife AROYE, WEeRC 4% d29PaY toned

based on servo signals recorded in the sem-circles

semi - Ci rcl esyith#iera Ak OYeevb SR HAkhiet oTPYES MARbUGHElY RFEOSS A ¢ reAck
as the magnetic disc 21 rotates one turn. That is to say, a spiral orbit TL

will be del imagmediasdindi 2at edtatéd, ahdaffdelti amduntIWwilllincrease W@ a
track No. t + 1 as a target position when the head 40 has cone to a servo

zone incl udimgngiengd radnevendeW hielne tHemdmgme tilc bispos2 1i hasd @ tatg d he
conti nuous spiral rbtigféi By recording or reproducing data while

posi ti oning t & ondp s 0f up| repind frema thechosme bedrs.nghe noEfski a
zone. Far_posi.tioni,ng W.th respgct to the.magneti g di,sc . on which data
i s recorded alrpigtuﬁlet Jer ogFoPmat A% (iﬁhe tHE &R Y disc' 21" further rofates,

the offset amount will increase correspondingly. When the
magnetic disc reaches a position just before a next home
index, the offset amount will be +0.25.

By adding the amount of offset to the target position as
in the above, the head 40 is positioned based on servo signals
recorded in the semi-circles (two concentric semi-circles,
inner and outer) so that it moves obliquely across one track
as the magnetic disc 21 rotates one turn. That is to say, a
spiral orbit TL will be delineated as indicated with a dashed
line in FIG. 11.

Given a track No. t + 1 as a target position when the
head 40 has come to a servo zone including a next home
index, the head 40 will be positioned along the continuous
spiral orbit.

By recording or reproducing data while positioning the
head 40, a full spiral data track can be formed in a data zone.

For positioning with respect to the magnetic disc on

which data is recorded in the servo format as in the fifth



25 enbodi nent, the head 40 is noved only within a range of 0.25 fromthe
.track center as evident fromFI G 11. Nanely, since the head 40 is noved
only-within a range of +0.25 in which the of fset ampunt changes with a
substantial linearity, a data track can be fornmed in an accurately spiral
form The fifth enbodi ment of the present invention has been descri bed
concerning the exarrpl e in whi ch - servo £5gnals are recorded in sem-circles
(two concentr ' Wth, g servo witer

c sem-circles, inner. and ).
capabl e of ed“h? epdsof 'Bﬁag\f ‘{Q]e”he%‘d"fﬁ)‘i ALy (eithigers, of 2R gRall may

chg?gﬂ\gege?v%gs g)l Ig{gﬁ?éxglrgefltgl rﬁe J (alféd'}{ ?g‘gﬂ’cgﬁt(f'i ?1 1]Nali)1¥ely,
quarter - Cl GRS thie0h @b i s tm%mﬁ fify CA11REn "RVEEER! % i il 2ne

of +0.125 fromthe tra cent er e head 40 can®be noved onl

within a raaﬁechntmel@ﬂfgermfmoenalgnahglelsnesanrthth k& bsyah tper tleﬁeantyAs
havi ng been described in the foregoing, the fifth embodi ment allows t'o form

a spiral da dateatracdccamabel o sieak ihhen lesech ddtdly spyvedl fakyp.within a
range in which the Ilnearlty is. relatively good, even if the linearity of a
fine signal is rdiegtidgh eoibedimant ofhdle @rssent igvenshendhasnbsest the

resent inv ntla have been descrj bed concernin netic disc
i sc- shapedi § St0Ah S MEFLRI 18| hensaAMBLE s NeRichoser Yo vitanals me

recorded in semi-circles (two concentric semi-circles, inner
and outer). With a servo writer capable of a higher
resolution of the head moving pitch, servo signals may be
recorded at smaller intervals.

As illustrated in FIG. 11, by recording servo signals on
quarter-circles (four concentric quarter-circles), for example,
the head 40 can be moved only within a range of £0.125 from
the track center, so. that the head 40 can be moved only
within a range in which the fine signal linearity is much
better.

As having been described in the foregoing, the fifth
embodiment allows to form a spiral data track accurately
since the head 40 is moved only within a range in which the
linearity is relatively good, even if the linearity of a fine
signal is not good, for example, about +0.5.

The embodiments of the present invention have been
described concerning a magnetic disc as a disc-shaped

recording medium. It should be appreciated, however, that



26 the present invention is applicable for an optical disc having simlar -
.concentric servo zones to those fornmed on the magnetic disc as nentioned in
t he foregoing. According to the present invention, a positioning signal
recorded on an arc formng a part of a concentric circle on a disc-shaped
recording nediumis detected, a circunferential position on the disc-shaped
recording mediumis detected, and an of Béet with respect to the positioning

[ | is det i ned fromthe circunf tial it i .t 1 rol

The head fofhe RRSAFRI GRYSRGER 46 SPBIcs bl B e ARERLGRiSs HATAE
iral datg t K « oM . L,gh [

spiral dal g aek oo diRHic 2selV8"Londs IS HpPle  1f1SaEORY PRI OpRL

1. Adata frf‘afg)délt'i%gdi‘@é'/ﬁ il ERE FWEH T @HEaf@tté’ggoi:f'gy\hi ch a signal _
recordi ng and/or reproducing head is scanned over a disc-shaped recording

medi um on whi ch Acpegidingnitogthegpatseh® iwentivn Siagpdsitbeniapngigndl or
reproduci ng head to a predeterm ned position is recorded along an arc of a
concentric céecerdedconpansang: formimems pfast dftactamgemtpesicirohé ngm sa gnal
recorded al gng . . . . .
disc-shaped recording medium is detected, a circumferential
position on the disc-shaped recording medium is detected, and
an offset with respect to the positioning signal is determined
from the circumferential position signal to control the head
for a scan along a spiral orbit, thereby permitting to form a
spiral data track without a higher accuracy of the

conventional servo writer.



the ar ; ecting a circunferential position on the

.di sc-sh ' I um  and means for cal cul ati ng an anmount of
of f set qugmmﬂpﬂﬂi":mfcative of the detected circunferential position;
the calculated eftset»anmount being added to the positioning signal to
control the head for a scan along a spijal scanning orbit. 2. The
apparatus as set forth in Claim 1, wherein during idling wiwth no data
recordi ng or reproduction, the head is controlled to scan along a
concentric WSH:X{T b € LikBME BcI8haped recording medium 3. The apparatus

as set forth in im2, further conprising a  neans for hol di ng the, anpunt
of offset, Hhe ogfgé[taaﬁﬁﬁﬁfdﬁgﬂda /torferﬁglrﬂidﬁ’d”%ﬁ?ﬂ?eqarfd‘sagﬁedvbbc he

posi tioni ng | 0. cond rol o) . o] concgntric orbit
over the di gcgﬁgL erce%ls(;cpld{égéérgg?E%aeg’uljrqén'ég"?igiaﬁﬁg\l}m {]% sﬁcoanneﬁ B_VCI a _
28 data reCGViQ'bDQhQEeHe%%‘Mi %“-médium‘eoﬁ‘paﬂ{i%tw% g%ﬁ?ioﬁﬁﬁ%hs'igng#a' m
2, further conprisihg a nmeans r selecting, depending upon the“typeé of a

data to be gecaiéled, tiBekhghalheebording tandLocoréprolading Icodd ateongd a
spiral or concentric orbit over the disc-shaped recording nedium 5. The

appar at us aprsdettomtinéd Gpasitidn wisreracbhndedeadlongecontr olared od saan
along a spiral orbit over one side of the disc-shaped recording nedium
adapted to Feasenrtgicaceleit¢emprising:

means for detecting a positioning signal recorded along
the arc;

means for detecting a circumferential position on the
disc-shaped récording medium; and

means for calculating an amount of offset from a signal
indicative of the detected circumferential position;

the calculated offset amount being added to  the
positioning signal to control the head for a scan along a
spiral scanning orbit.
2. The apparatus as set forth in Claim 1, wherein during
idling with no data recording or reproduction, the head is
controlled to scan along a concentric orbit over the
disc-shaped recording medium.
3. The apparatus as set forth in Claim 2, further comprising
a means for holding the amount of offset, the offset amount
held by the holding means being added to the positioning
signal to control the head for a scan along a concentric orbit

over the disc-shaped recording medium during idling with no
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side thereof, and al onﬁ amnverted spiral orbit over the other side of the

.recordi ng nﬁmummm \H paratus as set forth in C-aim 2, wherein the
arc form ng

N ncentric circle, along which the positioning
signal is retorted; has a radius variable fromone circunferential position
to another. 7. The apparatus as set forth in CQaim1l, further conprising a
nmeans for sel ecting, depending upon the28ype of a data to be recorded,
whet her the head is tg be controlled for a scan along a spiral or
concentric $aba Teaddifige ofi AR ERABEYI9Rcor di ng nedium 8. The apparat us
as set forth in aim 1 erein the head is,controlled.to scan _alaong a
Spiral orbif- oveiheaPRsRYEE The & Eerlhapel 1ALhh e S theth EREAREHIGE : o
record data, o i [ of [ r spkr al ig. over
the ot her o diegiy ot sE3ePRLEL defll dind % fn' BHE" tfe SBE 2! dBEE"bo

29 9. Thepappaedrde S wREther! PheN hdad Ms lto VHE" B thrldd1@HC tbO'HAH 2
part of the concentric circle, along which the positioning signal is

recorded, hgkomgrari ypivali add ecmyerondcci 6ebif eoerlri afhpodilsicoshlaped
another. 10. The apparatus as set forth in daim1, wherein the disc-shaped
recordi ng neakendimg medivshat a constant angular velocity. 11. A data
recordi ng and/ or_reproduci ng apparatus in which a signal recordjng, and/or

r epr oduci ngSheadr{)§ APRARA4USVRP gt orth in Clafm 4] Wherein the hea

is controlled to scan along a spiral orbit over one side of the
disc-shaped recording medium adapted to record data on either
side thereof, and along an inverted spiral orbit over the other
side of the recording medium.
6. The apparatus as set forth in Claim 2, wherein the arc
forming a part of the concentric circle, along which the
positioning signal is recorded, has a radius variable from one
circumferential position to another.
7. The apparatus as set forth in Claim 1, further comprising
- a means for selecting, depending upon the type of a data to
be recorded, whether the head is to be controlled for a scan
along a spiral or concentric orbit over the disc-shaped
recording medium. _
8. The apparatus as set forth in Claim 1, wherein the head
is controlled to scan along a spiral orbit over one side of the
disc-shaped recording medium adapted to record data on either
side thereof, and along an inverted spiral orbit over the other

side of the recording medium.



di sc-sha aped recordi ng medirum havi ng recorded along an armof a concentric
.circle h I able fromone circunferential position to
anot her 2”'“ @"&“ H"E formation signal under which the head is noved to

a predetermnedtradiab  position of the disc-shaped recording medium
conpri si ng: means for detecting, bafgd on an information read by the
head, the track address information signal recorded along the circular arc
of the concentric circl e; nmeans for detecting, based on the head-read
i nf or mati orf- a a’h%uarperaémtual agoseti bordi imChaiaa dn wheniisnc tém;mp
recording means f.or detectin based o t he, si gnal e ve
of the cir “é?"éﬁt |aaIP§5§|Pfor$h(?n thBCGi Elghﬁbé‘a ¢echi o gvﬁga? %én

s “redesfeHibh SERREL e Pk R T A e

5| gnal and offc36h f@&FONia I%Bgl{mg thO4ndthegan along a spiral orbit over the

di sc-shaped recordi ng ne 12. The apparatus as set forth in daim11l,

wherein thelpeadié appdddvrd 49 @3N AIAMY in COIQER r1¢ QFRekePnerthlehe
di sc-shaped recording nmediumduring idling with no data recording or

reproduct i chisck3haped remparding meadiupetisfrotated at LlcamstahPt atugylear
conprising a neans for holding the anount of offset, the offset anount held
by the hol N$kPditdns bei ng added to the

11. A data recording and/or reproducing apparatus in which
a signal recording and/or reproducing head is scanned over a
disc-shaped recording medium having recorded along an arm
of a concentric circle having a radius variable from one
circumferential position to another a track address information
signal under which the head is moved to a predetermined
radial position of the disc-shaped recording medium,
comprising:

means for detecting, based on an information read by the
head, the track address information signal recorded along the
circular arc of the concentric circle;

means for detecting, based on the head-read information,
a circumferential position of the head on the disc-shaped
recording medium;

means for detecting, based on the signal indicative of the
circumferential position on the disc-shaped recording medium,
an amount of offset with respect to the track address

information signal; and



posi ti oni ng—si-gRat—to control ' the head for a scan along a concentric orbit
-over the disc. g nedi um durl ng idling with no data recording
or reproducammji“mum ar at us set forth in Cdaim 12, further
conpri sing fom se&l etting, dependl ng upon the type of a data to be
recorded, whether the head is to be controlled to scan along a spiral or
concentric orbit over the disc-shaped r2@ordi ng nedium 15. A disc-shaped
recordi ng medi um havi ng recorded along an arc formng a part of a
concentric circlmennsr efora postrobhing, biageal omo thevetrack siaphdtess
recording and/or reproduycing head tq_a predeterm ned positiaqn, the arc
al ong whi chlftﬁﬂaflﬁéﬁl(woﬁllﬂg GHH? pifse oﬁﬂ'él:llwavitﬁgf D eadi £§rvz§r|5é’cﬂfé

fromone cir unferentlahéﬁ_ 3|tion

1
31 16. The & GREdhapdsa laiwéerré&%ﬂ?ag %@?Pmﬁwﬁd@a.wfr}u%ere.n

di sc- shaped focor BPnEREIAAr=Es it FEPHATh, QAUREE, SPhEFLHY Uiy bk e
recorded on i tBatrs1HEdt her e@éaandapoﬂgt % 4 Ia%%ez&rfier Sebith dveRi rédeform

on one of the disc sides and in an invefted spiral formon the other side.
18. The dis I/@ i séraytedp € éc arediondl ingyli e dbumetdaping idllgi with hovidgta
e

formed thereon servo zones in which at |east the position information
signal is receetdinganirdpradamtéoni.nt o and/ or from which data is recorded
oo o TP e e apparatus. as Pset Forth dn Claimo 13, | farther
comprising a2 means for holding the amount of offset, the
offset amount held by the holding means being added to the
positioning signal to control the head for a scan along a
concentric orbit over the disc-shaped recording medium during
idling with no data recording or reproduction. |
14. The apparatus as set forth in Claim 12, further
comprising a means for selecting, depending upon the type of
a data to be recorded, whether the head is to be controlled to
scan along a spiral or concentric orbit over the disc-shaped
recording medium.
15. A disc-shaped recording medium having recorded along
an arc forming a part of a concentric circle thereon a
positioning signal to move a signal recording and/or
reproducing head to a predetermined position,
the arc along which the positioning signal is recorded

having a radius variable from one circumferential position to

another.



c

18f wherein_t has recorded therein a signal indicative of a
.circunf er'enml ﬁ“‘ﬁi‘ﬁ“ﬂiﬁﬂ“om tion on the nedium
) * L L ] * -

31

16. The disc-shaped recording medium as set forth in Claim
15, wherein the data track along which data is recorded is
formed spirally.

17. The disc-shaped recording medium as set forth in Claim
15, wherein data can be recorded on either side thereof and
a data track is formed in a spiral form on ome of the disc
sides and in an inverted spiral form on the other side.

18. The disc-shaped recording medium as set forth in Claim
15, having formed thereon servo zones in which at least the
position information signal is recorded, and data zones into
and/or from which data is recorded and/or reproduced.

19. The disc-shaped recording medium as set forth in Claim
18, wherein the servo zone has recorded therein a signal
indicative of a circumferential reference position on the

medium.



