MAGNETI C HEAD FOR RECORDI NG REPRCODUCTI ON, MAGNETI C RECORDI NG MEDI UM AND
RECORDI NG REPRODUCTI ON APPARATUS BACKGROUND OF THE I NVENTION 1. Field of
the Invention [0001] This invention relates to nmagnetic head for
recordi ng/ reproduction constructed so as to be capabl e of perform ng
recordi ng and reproduction of recording data for a discrete track-type
magneti c recording nediumon which a plurality of data recording tracks
are formed, a nagnetic recording medium for such nmagnetic head for
recordi ng/ reproduction,and a recordi ng/ reproduction apparatus constructed
so as to include the magnetic head for recording/reproduction and the

magneti c recokrdi i .?ggﬁﬁ' i ﬁdy¥ I [ 0002] A
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seperated, concentric data recording tracks (hereinafter "tracks") are
formed has been devel oped as a recordi ng nedi um capabl e of high density
recordi Ag. This di scret cBACKEROWEDI O €4 PBVEVTAOEd in an HDD (Hard Disk
Drive) for exanple, and various types of recording data can be magnetically
recorded via magnetic head for recording/reproduction(hereinafter) also
referred tol as Faeldagrietthe HeawHition n this case, by form ng non-nagnetic
parts, such as grooves, between respective tracks on a discrete track

medi um

[0001] This invention relates to a magnetic head for

19 recording/reproduction constructed sc as to be capable
of performing reccrding and reproduction of reccrding
data for a discrete track-type magnetic recording
medium on which a plurality of data recording tracks
are formed, a magnetic recording medium for such

15 magnetic head for recording/reproduction, and a
recording/reproduction apparatus constructed so as to
include the magnetic head for recording/reproduction

and the magnetic recording medium.

20 2. Description of the Related Art
[C002] A discrete track-type recording medium
(hereinafter also referred to as a “discrete track
medium”) on which a plurality of magnetically
separated, concentric data recording tracks

25 (hereinafter “tracks”) are formed has been developed as
a recording medium capable of high density recording.
This discrete track medium can be mounted in an HDD
(Hard Disk Drive) for example, and various types of
recording data can be magnetically reccorded via a

30 magnetic head for recording/reproduction {hereinafter
also referred to simply as a “magnetic head”). In this
case, by forming non-magnetic parts, such as grooves,

between respective tracks on a discrete track medium,



an expansion of the effective recording track wdth due to stray fields of
the magnetic head is avoided, and there are fewer instances of a recording
of recording data onto adjacent tracks or a reproduction recording data
recorded on adjacent tracks(i.e., "crosstal k™). Accordingly, since the
formation pitch of respective tracks (hereinafter also,referred to as
"track pitch") can be narrowed,it isz2possible to record recording data at
a high density [0003] As one exanple of a recording/reproducti oon apparatus
that includes this type of discrete track nmediumand a magnetic head, a
magneti c di 8k appanatos céohberaéfedtiveasecordhpyubdsagknagaehi dudi sk (1)
and a magnetj.c so1 Sediggl J e i en at ent
PubIicationkkbégﬁgg-%g%%gi.éFntﬁﬁi§§§§%£¥Sfﬁg?@c%%d%ﬁ%??%@fo%ﬁ§1ion

appar atus, tberagarhefeeeordinnganaad eépeodecoidnngf ocfecordidgndat a, when a

SErvo patte&&tépéktéoégﬁgc8ﬂttPﬁ?QQQ”S}i& gééko?ﬁcf?@%’réggrﬁfﬁgo mechani sm
moves the magnetic head(l. é., péerforns servo coniro ased on a’servo
det ecti on silghal recurpetited &dpareht hmgnksi ¢ head Sorvhataik®é) magnetic

head tface$A§c8§$£§é%§Tcé%Réeatﬁ%af ¥m§@iéﬁgpfﬁgﬁrofhggg oLpPgyganme

publ i cation disclos that"in order to avoi racking errors, a magnetic
effective repaokacthencheattsr dihsof réhermagneti s htadéak negbetb ¥t r ead
width, W), a gﬂacg ﬁétgg&Tgﬁ 9% Ehe o0R nfti Od}gkérgnd a %ﬁ?th of the servo
pattern (Ts? sh%ul be d%sign ted 88°35°to satls?y pr%%%?ern?%ed st andar ds.
More speci fdzbhl gt dheighzésneftyhe effective reproduction head wi dth and
t he trg k pitch are designated as being approximately equal and a wi dt h
of the 'servo pattern is designated as being :

[0003} As one example of a recording/reproduction

apparatus that includes this type of discrete track
medium and a magnetic head, a magnetic disk apparatus
constructed so as to include a magnetic disk (1) and a
15 magnetic head (H) -is disclosed by Japanese Laid-Open
Patent Publication No. H06-111502. TIn this type of
recording/reproduction apparatus, during the recording
and reprcduction of recording data, when a servo
pattern (Ps) formed on the magnetic disk is read, the
20 servo mechanism moves the magnetic head (i.e., performs
servo control) based cn a servo detection signal
outputted from the magnetic head so that the magnetic
head traces a center (Tc) of a track. On the other
hand, the same publication discloses that in order to
25 avoid tracking errors, a magnetic effective
reproduction head width of the magnetic head (a
magnetic read width Wr), a track pitch (TP) of the
magnetic disk, and a width of tThe servo pattern (Ts)
should be designated sc as to satisfy predetermined
30 standards. More specifically, the sizes of the
effective reproduction head width and the track pitch
are designated as being approximately equal, and a

width of the servo pattern is designated as keing



approximately equal to the track pinch or an integer nultiple of the track
pitch. By doing so, even if the magnetic head becones displaced to a
certain extent froma center of a track during servo control, there is no
decrease in the output change of the tracking error signal so that
tracking errors can be avoi ded. [0004] However, as a result of anal yzing
conventional magnetic di sk apparatuses3 the present inventor discovered
the followi ng problem That is, in conventional nagnetic di sk apparatuses,
the respective sizes of parts of the magnetic disk and the magnetic head
are desi gnatBAT@riRatRéYnafiiHal okasthei Agaek raveldpPhAgatr agkk@ferrors.

Here, if thg.fespective glzes o phecpar s, aig designatad, wena

recordi ng/reproduction apparatus 1s desigred, it”is necessary to designate
t he respectiwensgizeshepadt hecparssdefplpecdnlneti cetieknanytent nagnetic

head not °?£¥@t8 é¥8£9rt6§05iE?aSErQﬁgi§Ht5é£§§ LQn ¥ d Eﬁg??digg errors

for recording data on a targe rack nd”reproduction errors for recording
data redd frondacreasgeint thek¢hepetnaheegesathteerbrachiegaktsooreferred as

recor ding a0daLePLOdLELL OB ECLoLs” Lrs LD, thLs bype.olaamgnetic di sk

apparatus (recordi ng/ reproduction apparatus) , even 1f tracking servo
control is perforned for he magnetic head by a servo nmechanism the

position of i e j t e the rec i t K will
Pruct uate wi LA A 2 G20 5 ot dadt B red SRR L R e
"of f-track maghhét)cddeskoappetarsssachtibs aresadt ngnpeetesi on of the servo

patt e 04EY, APEUTRBDEL Eobepd OGS0 RESy 1S AR sspnt el At of

conventional magnetic disk apparatuses, the respective
sizes of parts of the magnetic disk and the magnetic
head are designated with the main focus being on
avolding tracking errors. Here, if the respective

15 sizes of the parts are designated when a
recording/reproduction apparatus is designed, it is
necessary to designate the respective sizes of the
parts of the magnetic disk and the magnetic head not
only tc avoid tracking errors but also to avoild

20 recording errors for recording data on a target track
and reproduction errors for recording data read from a
target track (hereinafter such errors are also referred
to as “recording and reproduction errors”). In this
type of magnetic disk apparatus (recording/reproduction

25 apparatus), even if tracking servo contrcl 1s performed
for the magnetic head by a servo mechanism, the
position of the magnetic head with respect toc the
recording track will fluctuate within a range of a
predetermined displacemeni (a so-called “off-track

30 width”) duve to factors such as a reading precisicon otf
the servo pattern by the magnetic head and errors in a
movement control amount of the magnetic head set by the

servo mechanism. On the other hand, the same



publication discloses that the effective reproduction head width is set

w der than the recording track width (Tw) and a nagnetic effective
recording head width(the effective wite W) is set wider than the
recording track w dth. However,when the effective recording head w dth
and the effective reproduction head width are set only slightly w der than
the recording track wwdth, there are @ases where part of the recording
tack in the width direction is not included in the ranges of the effective
recording head wdth and the effective reproduction head width of the
magnet i ¢ heBHPWAEALERE Aag§RePreshéhati $hienei fgicspgcsgrsratietintsuch a
state, therg.ane,¢asas Wheee Wi ks %fay Gkt r%ﬁo%ﬂf'B{gClt?BElkyw%Qﬂet' ze the
recording track during the recording of recording éa a (I.e.,it iIs
difficult tdéTpiopedl ¢ negsrdicheffectidiengedardinandted wodshopéhkey read a

magnet i c sigRaLcEecar ded:@n,aqERCArdi 08 LEacl nien hepr educi ng the
recording data. In this way, wth a conventional ragnetic disk
appar at Us, t herertiasgbeeackhwiptbbl diowdatri twhas beencfféfitudt to reliably

prevent rec i.ng.and r i e r [LOM. QCCUr [ 5] On the
ot her hand,Pégbgg%??n%égﬁeggggéc?ﬁge%%gpgg Sggyg% %8?58§F8%38§nd t he
effective recaddivhgthhead wedt bnduf tilcobnflyywalder thhanthhe recordi ng track

width,it is j L.pcl L th ire width of the recording track in
t he ranges %$8§%g?%§fég??geaggggfd?%égéeggemfg%ﬁsaﬁaefﬁenggeg ive
reproduct i onhdeadcordihgofrahk maghbti wibdehddéventwhenitheomagneti ¢ head

has become dj spl d, w respect t e recording track.a certain
anount& ccor ?%%?85 ﬁﬁgﬁgguﬁ ngs Ogo%EFrSEEFSglF 6388FdﬁPgi eﬁgssible to
avoi d recorwidighaaddr epeodfiteconver repsodlontuer hetd siduht afieously avoid

recording recording data on adjacent tracks. and reproduci,n ecor.di ng data
r ecor ded ot aeen: SePdcheeinr e 4981ArRG PEEor dFng aRd s BB BHaEL i on
errors by setdtag tlhe sfdlect imatrecoriting fwad-adak helaatk the ieffective

o ooary! PG BEEG I ED SLERTCEOAR R LRERILNGNLT PREILINE: cLhek®

15 during the recording of recording data (i.e., it is
difficult to properly record the recording data) and/or
to properly read a magnetic signal recorded on a
recording track when reproducing the recording data.
In this way, with a conventional magnetic disk

20 apparatus, there has been the prcblem that it has been
difficult to reliably prevent recording and

reproduction errors from occurring.

[0005] On the other hand, by setting the effective

25 reproduction head width and the effective recording
head width sufficlently wider than the recording track
width, it is possible tc include the entire width of
the recording track in the ranges of the effective
recording head width and the effective reprcducticn

30 head width of the magnetic head even when the magnetic
head has become displaced with respect to the recording
track by & certain amount. Accordingly, when such a

constructicn is used, it is possible to avoid recording



grooves | ocated between respective tracks(i.e.,to increase the track
pitch)to a certain extent so as to prevent positions of the effective
recordi ng head width and the effective reproduction head width of the
magneti c head from overl apping the adjacent tracks. This neans that with a
conventional magnetic di sk apparatus, there is the problemthat it is
difficult to record recording data with a high density while avoiding
recordi ng and reproduction errors, recording on adjacent tracks, and
reproduction from adjacent tracks. SUMVARY OF THE | NVENTION [ 6] The
present inventi BAPRASUE6AERI PEHCTA - oridR¥eYRr solwes el Bl probl ens and it
s a principelibiechrqohot PEcBEESRB! chByeBh 0BLacREOYEexaRgRg!i ¢ head
for recording/reproduction, a magnetic recordi ng nmedi um and

recor di ng/ r eppodoEEing appardnug thaa éaﬁoréedabnyaévacanteééadkﬁg and
reproduct | O i £Lr 9081 al hyl PeBolHELBCEAAPLERLLACREON! e 8 HRgpetic head for
recordi ng/ reproduction magnetic”recor dr nd a

recor di ig/ r eptbduct tha aﬁﬁaca@us rha@rdangahhﬁév@ldthleagttbﬁe of a

hi gh-density .k 8959&”9@ Leerh 'Hgaddﬁigtﬁng ge{,eggggi 0fein incidences of

recording on a jacent s an reproduction fFom a jacen? tracks. [0007]
To achi eve rheesdanedto@pEchdahnagheLscnheadsaoy tecerdengtheproducti on

according t r Ny t] i c 0 be capabl e of
recordi ng rg%%?ﬁ?%gféggge%n¥§93%§go#g?é%$§%g%i%gg?ggo?§|g dg?a froma
di screte track=zé¢ype bhagnetackrecbcl} ngonedcentehnwakthna pbuaal Loy of

concentij c daLg.fpogsdi peofLagks. nuhieb gt e, IRIgL 6oL Yn3gRel 2keH
and the effective reproduction head width of the
magnetic head from overlapping the adjacent tracks.
This means that with a conventional magnetic disk
apparatus, there is the problem that it is difficult to

15 record recording data with a high density while

avoiding recording and reprocducticn errors, recording
on adjacent tracks, and reproduction from adjacent

tracks.

20 SUMMARY OF THE INVENTION

[0006] The present invention was conceived in crder to
solve the above proklems and it is a principal object
of the present invention to provide a magnetic head for

25 recording/reproduction, a magnetic recording medium,
and a recording/reproduction apparatus that can
reliably avoid reccording and reproduction errcrs. It
is a further object to provide a magnetic head for
recording/reproduction, a magnetic recording medium,

30  and a recording/reproduction apparatus that can achieve
at least one of a high-density recording for recording
data and a reduction in incidences of recording on

adjacent tracks and reproduction from adjacent tracks.



by non-nmagnetic parts, are fornmed, wherein the nagnetic head for
recordi ng/ reproduction is Constructed so that a nagnetic effective
recording head width of the nmagnetic head for recording/reproduction is
equal to or larger than a conbined wdth of a track width of the data
recordi ng tracks and double an off-track width of the magnetic head for
recordi ng/ reproduction with respect te the data recording tracks during a
recording of the recording data and is equal to or smaller than a width
produced by subtracting double the off-track width during the recording
froma conbined wdth of the track width and double a width of the

non- magneti ¢opgnt s, r AN RISt d Cs&t{@&tcsaffeé@ao,lroai%@@@tf@%a&dth of the

magnetic head for recording/reproduction is equal to or larger than a
conbi ned wi feh secehdingackRrubduntand doabréing bPf theapke@kdth of the

magnetic heady Lot s becoLdingle epredycthogs W LhyLespech1Lothe data recording

tracks during a reproduction o e recording data and is equal to or
smal | er & hanegowidnd peodudedgbgatabsttacanfgofonbbeotdheingf-track wi dth

during the t] f a_c i i 0 e . dt h and
doubl e t he ﬁ%ggﬁgg#&t%%Q%O%?ﬁgg%eggg&ggg?2#959F0%6%?I%ggﬁgglégse,it IS
pref erabl e fecotréngagaetiic cheadifbraretordl hgyreproducendniaccording to

the present_jnv LoRn. st d f i cordi ng
ead wi di h 2o Hero PR E R ERR P ER e P e L e S PR R RS "and The
effective beprnoductioatheadawtdi hars Mwdeedi hanethent thekmpghehiof the

cot 2 L SoeT 00, LR LOROTL L ohon ot el € LG, Lok e Tmanet o heao

construct eda smaghat i ¢ hef 2 ette veeteroidy nigeheéadistidt hfabdet he effective

reprOdUCtiQQagnetic head for recording/reproduction is equal to or
larger than a combined width of a track width of the
data recording tracks and double an cff-track width of

15 the magnetic head for recording/reproduction with
respect te the data reccrding tracks during a recording
of the recording data and is equal to cor smaller than a
width produced by subtracting double the off-track
width during the recording from a combined width of the

20 track width and double a width of the non-magnetic
parts, and a magnetic effective reproduction head width
of the magnetic head for recording/reproduction is
equal to or larger than a combined width of the track
width and deouble an off-track width of the magnetic

25 head for recording/reproduction with respect to the
data recording tracks during a reproducticn of the
recording data and is equal to or smaller than a width
produced by subtracting double the off-track width
during the reproduction from a combined width c¢f the

30 track width and double the width of the non-magnetic

parts.

[0008] In this case, it is preferable for the magnetic



head width are simlar, and are both simlar to a track pitch of the data
recording tracks. [0010] To achieve the stated objects, a nmagnetic
recordi ng medi um according to the present invention is constructed as a

di screte track-type nediumon which a plurality of concentric data
recording tracks,which are magnetically seperated by non-nmagnetic parts,
are fornmed and onto and from which regorcdi ng data can be recorded and
reproduced by a magnetic head for recording/reproduction, wherein the
magnetic recording nediumis constructed so that a track width of the data
recording thaeRsipPs sqaardtsadiresnarier iphancaoRddrn tor s86ced by

subt ract | ngdoubl e a0.ath pbr ackol dbRseluctle WBORELLC head for

recordlng/repro uction with respect to ata recor |ng tracks during a
recordi ng @ff@ﬁélvec@edpﬁglaataeﬁdOWﬂdthagﬁewadeéftééﬂuaetrﬁ@@ordlng head

wdth of % he: iRAneL! 6ne- head Late, Hegr diagltenraduat! anscthe b ack widih

is equal to or an a w uced by subtracting double an
of f-tracdk wrdphodoftihe hagdewidthead Worderetberdi hye/ tepr&dpéticon with

respect to e t C r.a ring a reproduction of the recording
dat a fron1a&ﬁagﬁgt?%ngggg?Pgéh eg?% ggtlon head wi dth of the magnetic

head for recordi ng/reproduction, and a conbined width of the track width
and doubl e 'g#h Ihe on- etlc a i.s_equ % r than a
conbi ned w ﬁ?ﬁbo the ©f fec vperreec%ar é’f %h%\n%?%ll%%ldc%u C?elgc?
of f-track mtdthrdﬂnghgepheduetmodiagcordmdglserbaIptesentlarger than a
conbln%% wi dt h 8% t he o ﬁffectiﬁe roggcgh % P gl%gd double t he
of f track wdth u?lnB t he ?88? HHE 8n [ 1 ]n tﬁls
pref erabl e f@mor@Engageaﬁiwiﬁéhoaddnghaedfﬁatamverdepgouoctmenpresent
i nvention to e, ﬁgﬁtructed sp_a traﬁk pi g tgf theldat? reﬁgrdl tracks
i s narrower than’t effectiVe fecofd 6 hedd-"wWPal'h~6f thHe® 5ﬁ8 i ¢ head
for recordlmgﬁmbpmﬁdunéiﬁataaﬁdcosdmagrameckshan the effective reproduction
head width of the magnetic head for recordi ng/reproduction.
15 [0010] Tg¢ achieve the stated cbjects, a magnetic
recording medium according to the present invention is
coenstructed as a discrete track-type medium on which a
plurality of concentric data recording tracks, which
are magnetically separated by non-magnetic parts, are
20 formed and ontc and from which recording data can be
recorded and reproduced by a magnetic head for
recording/reproduction, wherein the magnetic recording
medium is constructed so that a track width of the data
recording tracks is equal to or smaller than a width
25 produced by subtracting double an off-track width of
the magnetic head for recording/reproduction with
respect to the data recording tracks during a recording
of the recording data from a magnetic effective
recording head width of the magnetic head for
30 recording/reproduction, the track width is equal to or
smaller than a width produced by subtracting doubkle an
off-track width of the magnetic head for

recording/reproduction with respect to the data



[0012] 1t is also preferable for the magnetic recordi ng nedium according to
the present invention constructerd so that the track pitch of the data
recording tracks is simlar to both the effective recording head wi dth and
the effective reproduction head width of the magnetic head for
recordi ng/ reproduction. [O0013]A recordi ng/reproduction apparatus accordig
to the present invention conprises anygof the magnetic head for recording
/ reproductions descri bed above and any of the nmagnetic recordi ng nedi a
descri bed above and is constructed so as to be capable of recording the
recordi ng dae&CEAEBIt hsafrkgnetréngeaok @PAGIRBEL @M aAdthe recgfdiBgroduci ng

the recor di ngedakacty gmibhgeRONELEG: L LeEOLL)RGlIBLL UM nEOGILgfecor ding to

this magnetic head for record % reproduction, magnetic recording medi um
and recordpﬁgﬁh@pm@auetn@nhapéa arugeCPh@ln@ép@@tPQQC§ﬁ@@s apf #he parts

are desi gned 50; BQathSEH B?etgéfﬁfgbﬁewiﬁfﬂrQhagdpﬁﬁge“édﬁﬁdeﬂdofhe
ef fective repro uction head wdth are equal to or Targer t conbi ned
wi dth of thbketnasknagdehiangadoable efeadffo @rabkrmﬁdthhanda are equal to

or snaller : i rodu r t f-track
O Gty o ERABLACM AL AT EHCRD Dy BUBOLT AGLL PG: MR Be P T K
t he non- nagaetli dopatesthgoofhatraocknmat deh @QMLm@ethﬁagﬁe®rdlhead is

di spl aced wiphi natheurangs of theqolfeobraghcudihoul Lhargspect,bo a data

recording track ren e recor repr i on o recording data,
it can be eaéﬁeedlvharephedentioa headkwmdumhand double the off-

10 track width during the reproduction.

[0011] In this case, it is preferable for the magnetic
recording medium according to the present invention to
be constructed sc a track pitch of the data rececrding
15 tracks is narrower than the effective recording head
width of the magnetic head for recording/reproduction
and .is narrower than the effective reproduction head

width of the magnetic head for recording/reproduction.

20 [0012] It is also preferable for the magnetic
recording medium according to the present invention to
be constructed so that the track pitch of the data
recording tracks is similar to both the effective
recording head width and the effective reproduction

25 head width of the magnetic head for

recording/reproduction.

[0013] A recording/reproduction apparatus according to
the present inventicn comprises any of the magnetic

30 head for recording/reproductions described above and
any of the magnetic recording media described above and
1s constructed so as toc be capable of recording the

recording data onto the magnetic recording medium and



will to included in the ranges of the effective recording head width and
the effective reproduction head wi dth of the magnetic head, and it is also
possi ble to avoid an overl apping of adjacent data recording tracks and
positions of the effective recording head width and the effective
reproduction head ~width of the magnetic head. By doing so,it is possible
to reliably avoid recording and reprodaction errors, recording onto

adj acent tracks, and reproduction from adjacent tracks.In addition,

recording data can be recorded at a high density conpared to the case where
in order toCAvsRHIPHECEBEOFHENGeCcOAtdnEdflatentronatke madneEéproduction from

adj acent tragcks,RhoLh L hg;effective recording head wdth and the effective
reproduction hegg i d Eséﬁe' 10 designated at a width that exceeds a wi dth

produced by subtracting double the off-track width froma conbi ned wi dth

of the traclfomgﬁh%{lﬂmd@ﬂp% e 4 ha,w qﬁa{’%rgétit %e&ﬁg%é?gnetic parts . [0015

] I'n addition,accor g to the present gnetic for
recor di g/ repeoddingdnepradneticny esagdéhyc nedbutinandedium, and

di na/ i ) ti ‘i . ;
he parts soovRLHehbrPeBRRaRs ey, LRy LRe SR REERE PV Eefi ve” °
recordi ng heddthedphrbndathedesiectted- soephatducttionthhealfactdihe it is

possi ble to,] ase the track, densi and-to record the recording data at
T oh Cdenst PO ERTE hOTs FaR s R e D et et TE heat Ol Bi e acad w thin
t he range ohetfiewdfiftht anekegiall htov dh laegpecthin a dataieedrwidghtrack

Ut 00 SOl D9 RnGca L EDLBRUELLon oL SSBEGLIR: 6 Bachanko POSS1 Dl
are equal to or smaller than a width produced by
subtracting double the off-track width from the
combined width of the track width and double the width
of the non-magnetic parts, so that no matter how the

15 magnetic head is displaced within the range of the off-
track width with respect to a data recording track
during the recording and reproduction of recording
data, it can be ensured that the entire track width
will be included in the ranges of the effective

20 reccrding head width and the effective reproduction
head width of the magnetic head, and it is also
possible to avoid an overlapping of adjacent data
recording tracks and pcsitions of the effective
recording head width and the effective reproduction

25 head width of the magnetic head. By doing so, it is
possible to reliably avoid recording and reproduction
errors, recording onto adjacent tracks, and
reproduction from adjacent tracks. In addition,
recording data can be recorded at a high density

30 comparedrto the case where in order to avoilid the
recording onto adjacent tracks and reprecduction from
adjacent tracks, both the effective recording head

width and the effective reproduction head width are



adj acent recording tracks, and reproduction from adjacent recording tracks.

[ 0016] Al so, according ti the magnetic head for

recordi ng/ reproducti on, magneti c recordi ng nedi um and recordi ng/ reproduction
apparatus according to the present invention,by designating the respective
sizes of parts so that the effective recording head width and the effective
reproduction head width are simlar antbare also simlar to the track
pitch,it its possible, while sinultaneously avoiding recordi ng and
reproduction errors and the |ike, to achieve a high density recording of
the recordi Agsdapataddatoaf vifithhéhatt egerefdpdeh WALt PACRERPRURYSO t hat

i“i” ng the pgPLaduehioR-0h1keeaRdLRG-dakRyMRYARL! ¢r8kdRakSnbined
width of the track width and double the width ¢f the

non-magnetic parts.

[0015] 1In addition, according o the present magnetic
head for reccrding/reproduction, magnetic recording
medium, and recording/reproduction apparatus, by
designating the respective sizes of the parts so that a

10 track pitch 1s narrower than both the effective
recording head width and the effective reproduction
head width, it is possible to increase the track
density and to record the recording data at a high
density. Also, no matter how the magnetic head is

15 displaced within the range of the off-track width with
respect to a data reccrding track during the recording
and reprcduction of recording data, it is possible tc
avoid reccording and reproduction errcrs, recording onto
adjacent recording tracks, and reproduction from

20 adjacent reccrding tracks.

[0016] Alsc, according to the magnetic head for
recording/reprcduction, magnetic recording medium, and
recording/reproduction apparatus according to the

25 present invention, by designating the respective sizes
of parts so that the effective recording head width and
the effective reproduction head width are similar and
are also similar to the track pitch, it is possible,
while simultaneously avoiding recording and

30 reproduction errors and the like, to achieve a high
density recording of the recording data and to form the
track width TW at a maximum, so that during the

reproduction of recording data, magnetic signals



recorded on the tracks can be efficiently read and a reproduction signal
with a hioh level can be obtained. [0017] It should be noted that the

di scl osure of present invention relates to a content of Japanese Patent
Appl i cation 2003-000969 that was filed on 7 January 2003 and the entire
content of which is herein incorporated by reference. BRI EF DESCRI PTI ON OF
THE DRAW NGS [ 0018] These and ot her oljjlects and features of the present
invention will be explained in nore detail belowwth reference to the
attached draw ngs wherein: [0019]FIG 1 is a diagram show ng a construction
of a recor8fAGreepr eBuERfoRTappar atlsPacebfarngnt by ahcedbadfngnt of the
invention; [O020%,EL G2 k$gRa Pl @binVhew: yaeishel NegxpPhai Bihpg; A6l ationship
between a track wdth of tracks, a groove wdth of grooves, and a track
pitch of the tracks on a apparatus, a recording width and a reproduction
width mRgnet be) heads widlh [ EFRREt, diGd oy agls q.and 00, FiGe 3 TS a plan
vi ew useful “1n explalning a relationship between the recording wdth and

t he reproduetr¢oanin dihent ioherabghesi toheadonnena ¢f adkppineed on a discrete

t k medi i g, t i f_the. toi ti d
the track priohorehstar SO PEl s BIROR R et R ol o e
PREFERRED EMBOD:NENTH)} 0022] thHereafiee , cpnied¢rt refl whiohi hentsreina nmagnetic
head for refgég%%g%éggéqggcéé?greﬁcgagneti c recording nedium and a

o

recordi ng/ repro i on” apparat us according to the present invention will he
described with reference to the attached draw ngs. [0023] First, the

constrli%ti on of a reCOﬁﬂﬁﬁﬁS Q&Q?Hﬂ&{?noﬁpﬂ%ﬁa I_!,&,%m’._lNGgorrespondi ng to the
recording reproducti on—apﬁﬁhaif—us—aeeekdi—ng—lﬂa—t—ge—pkeeent invention will
be described with reference to the draw ngs.

[0018] These and other cobjects and features of the

present invention will be explained in more detail
‘ below with reference to the attached drawings, wherein:
15

[0019] FIG. 1 is a diagram showing a construction of a
recording/reproduction apparatus according to an
embodiment of the invention;

20 [0020] FIG. 2 is a plan view useful in explaining a

relationship kbetween a track width of tracks, a groove

width of grooves, and a track pitch of the tracks on a

discrete track medium of the recording/reproduction

apparatus, a recording width and a reproduction width
25 of a magnetic head, and an cff-track width c¢f the

magnetic head with respect to the tracks; and

[0021] FIG. 3 is a plan view useful in explaining a
relationship between the recording width and the

30 reproduction width of the magnetic head and a track
pitch on a discrete track medium according to another
embodiment of the present inventicn and the track pitch

of the discrete track medium.



[ 0024] As shown in FIG 1 , the recording/ reproduction, apparatus 1 is
constructed so as to include a nmotor 2, a hub 3, a servo nechanism4, a
magnetic head 5, a control unit 6, and a discrete track nmedium D. The not or
2 rotates the hub 3 under the control of the control unit 6 so that the

di screte track nediumD attached to the hub 3 is rotated at a constant
speed, for exanple, a constant angul a2 velocity. Under the control of the
control unit 6, the servo nmechanism 4 noves the magnetic head 5 over the
di screte track nediumD that is being rotated by the notor 2 and in this
state noves the nmagnetic head 5 towards an inner periphery or an outer
peri phery of the disc rack call ed "tracking servo
control"). The specifi‘c el 3 entrol is well
known, and therefore description of such has been omited. The nagnetic
head 5 correspopfs H ddva JRINGL G Nead o d:@RANI NG reRRAGE:ION
according to 13 the present invention, is constructed so as to be capable
of magneti c®dy FeeoFeraeding/ reprodugipipiet i 2imegret bat Beeeedidng track)
and reprodugig. ] an® a relSAG AY/Rep BGNEL ] bn Signalafggorded an a data
recording track) recording data onto or fromthe discrete track nmedi um

D, and out pLR&Car ptied et @r e der o put inyemalof avitkdee d¢gmalbgdwhen

repr oduci n i e i I : e magnetic head 5 is
const ruct egdg]%?%%%é%elgn%ﬁ%? ?%h%f&?gg%%%d r(gﬁc%xr}ld?%ﬂ' head wi dth (hereinafter
also referred to as "recording wdth") MWand a magnetic effective

reprodygti op%{%?goyi%ql( hereinaf itt%rélctqloio Jeeferred to as "reproduction

wi dth") MRW are simlar .,are equal or approximtely equal).
recording/reproduction apparatus 1 corresponding to the

recording/reproduction apparatus according to the
present invention will be described with reference to
the drawings.

15
(002417 As shown in FIG. 1, the recording/reproducticn
apparatus 1 1s constructed sc as to include a motor 2,
a hub 3, a servo mechanism 4, & magnetic head 5, a
control unit €, and a discrete track medium D. The

20 motor 2 rotates the hub 3 under the contrcl of the
control unit 6 so that the discrete track medium D
attached to the hub 3 is rotated at a constant speed,
for example, a constant angular velocity. Under the
control of the control unit 6, the servo mechanism 4

25 moves the magnetic head 5 over the discrete track
medium D that is being rotated by the motor 2 and in
this state moves the magnetic head 5 towards an inner
periphery or an outer periphery of the discrete track
medium D (this is called “tracking servo control”).

30 The specific method used for tracking servo control is
well known, and therefore descripticn of such has been
comitted. The magnetic head 5 corresponds to the

magnetic head for recording/reproduction according to



The control unit 6 carries out rotation control over the notor 2 and
recordi ng and reproduction control of recording data with respect to the

di screte track medium D via the magnetic head 5 in an "on-track" state with
respect to a track T on the discrete track nedium D by having the servo
mechani sm 4 nove one magnetic head 5 towards the inner periphery or the
outer periphery of The discrete crack 1®diumin accordance with an out put
state of the servo detection signal outputted by the nmagnetic head 5
during the repeoduction of recording data. [0025] The discrete track nedi um
D correspond8ctBrepenti seyerelerackst gpeshagreeficspeesdr BPngemedi um

accor ding t0;bben Br 2eREahoVenL] 00, 8drhenconsy Luct fdouE haanpt ural ity of

concentric tracks T, T netlc mate e surface a
substrateDbdahﬁdée¢®@@i@ga§§abeuﬁnduﬁ?pb©duﬂeng|ke Bn, t heaflonen of a

di sc and gr i o] " nog t t he present
i nventi on, %§¥ﬁ€t¥%r%% gtaégﬁpgggjgge%t racggé#fd'?ﬁl5 ﬁr?g?s case, the
mul tiple tratkgrdiﬂg-@meaa@mualby foomeﬂhandhsarﬂaerbmapktmhdlamross al nost

an entire rf f p [ a, of gdiscrete
track nedlaﬁﬁtgﬁ§\§%$€%t%a?t ?%8% é%% |%gg§g%v%9%§%§r6? p%?%oses is also
fornmed on t$egmdsCr ewlee1t1r:aelkramu:i:ingrec@ummgk@atae thsacl@ gy Serdvo control

met hod, thi itited fro he_dr.aw S tipon of the
pr esent enﬁgd?%%nt % %%%%lc he? egr%%o?gx%gggggggdggt?%%Pa%paratus I
actual l'y |nm¢@Meslcceﬁ$@@enVS sﬂc@rasn@nhaa@IWIdem foeramphftying and

conver £ For i B R TS conver t1 HELLre but patt of GAlf BFTthe anplifier, a
dat a input/m&@m&ﬂ1c effectlve reproduction head width (hereinafter
alsc referred to as “reproducticn width”) MRW thereof
are similar (i.e., are equal or approximately equal).
The contrcl unit 6 carries out rotation ccntrol over
15 the motor 2 and recording and reproduction control of
recording data with respect to the discrete track
medium D via the magnetic head 5. The contrcl unit 6
also keeps the magnetic head 5 in an “on-track” state
with respect to a track T on the discrete track medium
20 D by having the servo mechanism 4 mcve the magnetic
head 5 towards the inner periphery or the cuter
periphery of the discrete track medium D in accordance
with an output state of the servo detection signal
outputted by the magnetic head 5 during the

25 reproduction of reccrding data.

[0025] The discrete track medium D correspconds to the
discrete track-type magnetic recording medium according
to the present invention, and 1s constructed with a

30 plurality of concentric tracks T, T, .. being formed of
a magnetic material on the surface cf a substrate Db
made from glass, aluminum, or the like in the form of a

disc and grooves G, which correspond to “non-magnetic



interface for sending and receiving recording data and the like to and
froman external apparatus (such as a personal conputer)) , and a power
supply connector, but for ease of understanding the present invention,
such conponents have been omtted fromthe drawi ngs and the description.
[0026] In this case, when tracking servo control is perfornmed over the
magnetic head 5 by the servo nechanism 4 and the control unit 6 in the
recording width MAW and t he reproduction w dth HHW of
recordi ng/ reproduction apparatus 1, the centers of the the nagnetic head 5
in the w dtpadie?écef ohheapr peebhel BY¢HhL Y, dispracEarngd horEdpet to t he

center of a;7xack: TeiAckherw gt h i regtd on i t i, upriedateer i ned range.
As described above, stich di spl acenent i's caused by factors such as a
readi ng pretraton Bf The-servoaptiizbln byrnéed whgnetivahedd Blib@ld errors in

t he novenept . cont r ol ?o ugﬁtgg%’égﬁgg?%nfﬁgg head 5 by the servo

mechani sm 4 and the con unrt recor di ng~r eproduction
appar at s lreemrdifigf rapkodidt hon Citd4 set G Qsasethet dhslpl aced anount

(the "Pred%é;é{’{ﬂrﬁﬁﬂ. ranae.. Q}Qt%% ahgve). Q{H%%e JIgREtd G+ igad 5 during
recordi ng and duri'ng reproduction is around AUnm as a maxi mm- I n the
recor di ng/ reprodses | b appar dbdused, en ttlaekdpiccht FPt odick heedpgpelt i ve

tracks T, Tb@ggl%]pg %&g%gég]a%rré(?\gsﬁ%ﬁ%i a@%(%)l; I%lee ﬁ@gt&gigthé@mm a track

wi dt h TW of racks 'S nyand a groove width GWof a
groove G i soekesignit eed afr 00 drawings case, deddeiptrtamk @f ttthe TP of the

e e S8 S PR 0% BB AGT T, it s £ it on
recording/reproducticn apparatus 1 actually includes
components such as an amplifier for amplifying and
cutputting the output signal outputted by the magnetic
head 5, an A/D converter for digitally converting the

15 output signal of the amplifier, a data input/output
interface for sending and receiving recording data and
the like tec and from an external apparatus (such as a
prerscnal computer), and a power supply connector, but
for ease of understanding the present invention, such

20 components have been omitted from the drawings and the

descriptiocn.

[0026] In this case, when tracking servo contrcl is
performed over the magnetic head 5 by the servo

25 mechanism 4 and the contreol unit 6 in the
recording/repreduction apparatus 1, the centers of the
recording width MWW and the reproduction width MRW of
the magnetic head 5 in the width direction can become
slightly displaced with respect to the center of a

30 track T in the width direction within a predetermined
range. As described above, such displacement is caused
by factors such as a reading precision of the serve

pattern by the magnetic head 5 and errors in the



wi dth MRWof the magnetic head 5. In addition, the track width TW (200nm
is designated as being equal to or narrower than a width (220nm produced
by subtracting double the off-track wi dth OrW (40*2=80nn) fromthe
recording width MAW or the reproduction width MRW300nm of the nagnetic
head 5. A conbined width (400nnm) of the track width TW200nm and doubl e
the groove wi dth GN 100*2=200nm is aliso designated as being equal to or
| arger than a conbi ned wi dt h(380nm of the recordi ngwidth MW or the
reproduction width MRW300nm of the magnetic head 5 and double the off-
track w dt heT9Eant2egDhRy! amoupbop¥y] ticp magnetherhaadds g Hescri bed

above, the g@gostﬁgc%g@aﬁ hsange%anéeﬁgrg?hmJ@E gt 39Qnm both the

recording wdth MW and the reproductin wdth MRWare simlar. to the track
pitch TP of refer¢ingksedrofincthps epserehesrbcordi @t wkvedk MM BRd t he

reproducti O@TD}G(%gt pI&/RV% 39%”?}}%0‘?5‘%?9%?5%%29‘?‘?12%?5(%& ng equal to or

| arger than the conbi ned w dt w dth TW (200nm and
doubl e tthe Gffedebekmivhed hr OTYe” (HenRE80nd) alawide bl 86 elgeahagwebicsnal | er

th i dtf, (32 d agt L N, doubl .off-grack width
OTW ( 80nm) 24 gngg%ﬁg‘ﬁ‘ge%g‘?mgﬁ{?#ﬁ%%%n@% gdﬁ%‘%@d@?‘%ﬁfﬁ o5Ve wi dth
(200nm andardend rackmwh gt h MW [OORE] INexthe t he

recording/reproduction apparatus 1, a track pitch TP of
the respective tracks T, T, .. on the discrete track
10 medium D is designated at 300nm, a track width TW of
the tracks T 1s designated at 200nm, and a groove width
GW of a groove G 1is designated at 100nm. In this case,
the track pitch TP of the tracks T, T, .. is designated
as being similar to (i.e., equal or approximately equal
15 to) both the recording width MWW and the reproduction
width MRW of the magnetic head 5. In addition, the
track width TW (200nm) is designated as being equal to
or narrcwer than a width (Z220nm) produced by
subtracting double the off-track width OTW (40*2=80nm)
20 from the recording width MWW or the reproduction width
MRW (300nm) of the magnetic head 5. A combined width
(400nm} of the track width TW (200nm) and double the
grocve width GW (100*2=200nm) is alsc designated as
being equal to or larger than a combined width (380nm)
2b of the recording width MWW or the reproduction width
MRW (300nm) of the magnetic head 5 and double the off-
track width OTW (40*2=80nm).

[0027] On the other hand, as described above, the

30 magnetic head 5 is designated so that at 300nm, both
the recording width MWW and the reproduction width MRW
are similar to the track pitch TP of the tracks T. In

this case, the recording width MWW and the reproduction



rel ati onship between the respective sizes (wdths) of the parts of the
recordi ng/ reproduction apparatus 1 and positions of the nagnetic head 5
and the tracks T during the recording and reproduction of recording data
will be described wth reference the draw ngs. [0029] In the
recordi ng/ reproduction apparatus 1, during the recording and reproduction
of recording data on and fromthe discrete track nmedium D, the magnetic
head 5 is set in an on-track state with respect to one of the tracks T on
the discrete track nmedium D by servo control carried out by the servo
mechani sm 4wafaht HBWcdAPPBIV upire 6csABnehrs eFnbeisoneeuehetsi 28s of the

parts are degi-gpat eﬁaﬁothe%oﬂgaHeeh@la%ﬁogge@ﬂmw dih ML and, t he

reproduction width MRW he magnetic h are w der than the track
wi dt h TW of wieht Fckg0fnas shdwAobplehshsobfd-Eraeki WigEld 2TWn a state

where t he net a e an _.op-t a h ect the
track T so Pﬁgtg ﬁgnggnggg h$88 thglng?lgrhgﬂgﬁéé%nEgﬁH‘5 g%ﬁﬁglrection
apprOX|ﬁatel92ﬁnmthESOdheedtheEUbtrahélngadkuElBnthheOﬁfdthadkrection,an

eniire W dkhooh by (pack Tologated el gt ieadROEbbRglied 5 (1 e, the

posi ti on di agonal fromtop ri on1|eft) IS
i ncl uded |nd®hbleah@esqo@ovhewmétbrdEﬁgnmﬁdathVWéahdatheWLQphoﬂth|on

wi dt h NFNVtPEOOnm)

10 [0028] Next, the relationship between the respective
sizes (widths) of the parts of the
recording/reproduction apparatus 1 and positions of the
magnetic head 5 and the tracks T during the receording
and reproduction of recording data will ke described

15 with reference to the drawings.,

[0029] In the recording/reproduction apparatus 1,
during the recording and reproduction of recording data
on and from the discrete track medium D, the magnetic
20 head 5 is set in an on-track state with respect to one
of the tracks T on the discrete track medium D by servo
control carried out by the servo mechanism 4 and the
control unit 6. At this time, since the sizes of the
parts are designated so that both the recording width
25 MWW and the reproduction width MRW of the magnetic head
5 are wider than the track width TW of the tracks T, as
shown by the solid line in FIG. 2, in a state where the
magnetic head 5 is set in an on-track state with
respect the track T sco that the center of the magnetic
30 head 5 in the width direction approximately matches the
center of the track T in'the width direction, an entire
width of the track T located below the magnetic head 5
(i.e., the position diagonally shaded from top right to



magnetic head 5 (i.e. the entire width of the track T is overlapped by The
position of the recording width MM and the reproduction width MRWof the
magneti c head 5). Accordingly, during the recording: of recording data,
the entire width of the track T is sufficiently magnetized by a nagnetic
signal outputted fromthe magnetic head 5, and during the reproduction of
recordi ng data, a magnetic signal recarded on the track T can be
efficiently read by the magnetic head 5,so that an output signal with a
high level is obtained. As a result, recording data can be reliably
recorded anBoEépfodaéed. 1Al 58Cl8PAEelRheNpespREEFveLsiresTBFOrE€hBIparts are

designated {o4thalmRoLAqt hRer ee8tdLNg i ¥hdl AaMWaRd,Eheypepr oduction MRW
are narrower than the conb?nedﬁmﬁdth é?hthe track mfdth TW and doubl e

t he groove Weeanhtow hepe bvéil apprhg entposei vidhs of the keeekdfng width
MAW and t he; .r LQN,. Wi F 1 h et.] 5 adj acent
is SQ%EgaﬁgégoPg:g%?y?@ggeioﬁ an§HQt£égaP8§g%tw§QQh )

tracks T, T avoi recordi ng onto adj ace tracks and
r epr oduct i oHWlr andathaceaprodacksonswpdeheiRédofuthagnetiectécondidg and

r epr oducti on, of j at I ggggt' i :
recordi ng/rgfor'o(ft(fie:%%?]{N:)(?lirﬂ?EL pacf?uaji%ggo%,q'leev%n 1Tt ggrbrrfagfr:eet%c%}gd%negad 5is
di spl aced wiltharetphecentbra widtk Ffwihhi hrabk FTahgesoffiheentliy track

wi dth OTW y..th - das k n t- - hline in FIG
2, the recoﬁ%?ﬁ%ggg?g ?g geﬁ?§%8§§$eé%$§%g gﬁégﬁggggdgggﬁ,gﬁgth recordi ng
onto the adpageatitrbeks andanepdoducyi onefreprodechidpacent 1.ra being

et ondtoa MRCBRAPRSLILER X SLBGESLhee SR R A g AR P o
MRW of the fagaetbe dfAillcbeatéyegead bp Ohewnhdgnethanhead 5, so

that an output signal with a high level is obtained.
As a result, recording data can be reliably recorded
and reproduced. Alsc, since the respective sizes of

15 the parts are designated sc that both the recording
width MWW and the reproduction width MRW are narrower
than the combined width of the track width TW and
double the groove width GW, the overlapping of
positions of the recording width MWW and the

20 reproduction width MRW of the magnetic head 5 and
adjacent tracks T, T is avoided. Accordingly,
recording onto adjacent tracks and reproduction from
adjacent tracks is prevented during the recording and
reproduction of recording data.

25
[0030] In addition, in the recording/reproduction
apparatus 1, even if the magnetic head 5 is displaced
with respect to a track T within the rahge c¢f the off-
track width CTW, as shown by the dot-dash line and the

30 dot-dot-dash line in FIG. 2, the recording data is
reliably recorded and reproduced, with recording onto
the adjacent tracks and reproduction from the adjacent

tracks being prevented. More specifically, since the



the conbined width of the track wdth TWof a track T and double the
off-track wwdth OTW even if the magnetic head 5 is displaced with respect
to the track T in either direction within the off-track width OTW (i.e.
the magnetic head 5 is in one of the states shown by the dot-dash |ine and
t he dot-dot-dash line), the entire wdth(i . e . , the position diagonally
shaded from top left to bottomright)léf the track T | ocated bel ow the
magnetic head 5 is included in the recording width MW and the reproduction
wi dt h MRWof the magnetic head 5. Accordi ngl during the recording
of recordlnéeaﬁﬁﬁtlYﬁeséﬁ?Fr@fmFH?hp%¥t§h@r?r%%ﬁlqn@ge§u$?lEh@ﬁtly

magneti zed Bﬁghdﬂﬁénge&BEdiﬁﬁrQQHEB'ﬁWwoén&egﬁédf@ﬁroéﬁéﬁloﬁan&E@Ut si gnal
with a high | evel is obtained Al so, since the respective sizes of the

parts are d¥BWgnatEdesBaghatipobhadhe peeordiny W dbh WAWPANENERe

r eproduct i oppul dbfoo MM 2l S PRI L PR BARCR WAl B Odiced: bycguptracting
doubl e the off-track wdth OTWfromthe conbined width of the crack w dth

TW and dbubﬁ@dtﬁ@u©l©ovbew@ﬂfhttkaeWbﬁthfo?%e eaghet fctihead 5 is displ aced
Wi th respecﬁ?gﬂegpg f §8k5 é”d?éﬁfgéeddeQEtfggp@&%h%@ the offckrack width

OTW an overlapping of the adjacent tracks e positions of the
recordi ng W dih ﬁNWh%nddlh@Cte@moﬂubhi@ntM¢d@ﬁfﬁmwﬂ©k v hethre@héti c head 5

i s avoi ded, ;an i LS I n i Sep u t t he
adj acent tr %kg atgg %éﬁ%%b%ogg%?gﬁsf%fﬁg ﬁa r%%oﬁ@?ngggggghyﬁﬁ@gand t he
reproduct i opy wilde hddvRvdasle bruké ngihy, tlew esho whent t theshabiet] ¢ Head 5 has

become 1 splacefl, § o4 €xaPLe, {hE SEEOL AN ANGL L £PI ¢ g, Q0d fepf oduction

top left to bottom right) of the track T located below
the magnetic head 5 is included in the recording width
MWW and the reproduction width MRW of the magnetic head
5. Accordingly, during the recording of recording

15 data, the entire width of the track T is sufficiently
magnetized and during the reproduction of recording
data, an output signal with a high level is obtained.
Also, since the respective sizes of the parts are
designated so that both the recording width MWW and the

20 reproduction width MRW are narrower than a width
produced by subtracting double the off-track width CTW
from the combined width of the track width TW and
double the groove width GW, even 1f the magnetic head 5
is displaced with respect to the track T in either

25 direction within the off-track width OTW, an
overlapping of the adjacent tracks T, T and the
positions of the recording width MWW and the
reproduction width MRW of the magnetic head 5 is
avoided, and a gap (in this example, 10nm;} is produced

30 between the adjacent tracks T, T and the positions of
the recording width MWW and the reproduction width MRW.
Accordingly, even when bthe magnetic head 5 has become

displaced, for example, the recording and reproduction



109 of recording data can be executed for orly the track T | ocated bel ow
the magnetic head 5. [0031] Also, in the recording/reproduction apparatus
1,since the sizes of the parts are designated so that both the recording
wi dth MWV and the reproduction width MRWare narrower than a width
produced by subtracting double the off-track width OTWfromthe conbi ned
width of the track width TWand doubl¥s the groove width GN the gaps
produced between an adjacent track T and respectively the recording wdth
MAWV and the reproduction width MRWwhen the magnetic head 5 is d| spl aced
are extremePy AaFPeRiAY d8h CABCBRIRHGCEbRPaled Pbld FBeoFdrAl T

reproduct i op,appanabLs.i;n-Whi Gh L he;regpggt sve sizes of the parts are
desi gnat ed s?) t hat botcﬁ t he rec%rdl ﬁg Wls dth MAW and the reproduction

width MRWare wi der than a width produced by subtracting double the
off-track wwdth OTWfromthe conbined wdth of the track width TWand
doubl e the §P8dle wirdia G| tthies Fryaetding feemekdi¢hiondpaparttusr acks

T,T,...d osef, §9n£:barth@s A JeBsyi dhe ﬁéla@% Q@@%éylgﬁélt@@ sacr;ﬁaﬁed and

th di dat ty while
' ecor 3?25 T ke BReSEniarsanbt s B et FBR FPBEPaUFLet “ErkBks i s

avoi ded. [Q@BR2] @ret herotherr hadh a dnlﬁﬂzmetpe:ddﬁﬁéd nedi sobbtacshawn on t he
(LI ol e LI PRl ST A el sk WAL DLt oBBE 1
shown of the track w1dth TW and double the groove width GW,

10 the gaps produced between an adjacent track T and
respectively the recording width MWW and the
reproduction width MRW when the magnetic head 5 1is
displaced are extremely narrow at 10nm. Accordingly,
compared to a recording/reproduction apparatus in which

15 the respective sizes of the parts are designated sc
that both the reccording width MWW and the reproduction
width MRW are wider than a width produced by
subtracting double the off-track width OTW from the
combined width of the track width TW and double the

20 groove width GW, 1t 1is possible to make the adjacent
tracks T, T, .. closer, so that as a result the track
density can be increased, and the recording data can be
recorded at high density while the recording onto
adjacent tracks and reproduction from adjacent tracks

25 is avoided.

[0032] On the other hand, a discrete track medium D1
shown on the right. side of FIG, 3 is formed so that a
track width TWl of tracks 1 therecn is narrower than

30 the track width TW of the discrete track medium D shown
on the left side of the same drawing. More
specifically, like the track width TW of the tracks T
on the discrete track medium D, the track width TW1 of
the tracks Tl on the discrete track medium D1 is

35 designated as being equal to or narrower than widths



on the left side of the sanme draw ng. Mre specifically, |ike the track
width TWof the tracks T on the discrete track nediumD, the track wdth
TWL of the tracks Tl on the discrete track nediumDl is _,na_ed as being
equal or narrower than aidLbs: 7 produced by subtracting double the
off-track wwdth OTWfromthe recording width MWW and the reproduction w dth
MRW of the magnetic head 5, respectivelly,and is designated as bei ng doubl e
a wdth S narrower than the track width TWof the tracks T on the discrete
track medium D as shown in FIG 3. Accordin t he discrete track nmedi um Dl
is simlar P&ofHESH] @Erétl@ttfaaéknﬁe@%meDgltlﬁa@ffeééaakn‘gl%baOTWs reliably

recorded angrofﬂeeﬁgdygggrgyﬁ@ Whgpn ne@Relhs feady tédﬁ'&@%ﬁ%i’dtw th
respect to the track T1 wwthin the range of the off-tractk width ~OTW

[ 0033] On t h¥RY| gér bhe mpdaeetredheatDiy msm@ta‘f@hféf reedrdfng of recording
data onto a@b@?&ﬂ&té&aggsbéﬂﬂgt QSuBer Q%‘E&’cﬁ’”s Of a £ EGOLHI PPaHafRe T rom

adj acent  tracks, in the same way as discrete recording nediumD, the
sizes ofot héraékp‘ée@theT%aqﬂfstheetr@@@ gﬁa@@dtlse) dhacrateohbided w dth of

the track WhoblnlVl 20dsH0WE. £q ! Rec ol gova, s dtdy (il ofc A&y A aoMes GL - 1

equal to or han a conbi ned W di h . ‘ding w (
magneti c hebnaskameldcl@ubDé thesofiflarack WieltdiOWwaadtaish megahnt o or

vviderthan Lpe i e;Le i, 0 i I\g;(}gof t he
magneti c head IE&; %EI ge?#e IF? {jrg%k %mg%ﬁg%%si %ﬂg%ec cally, th
groove wi dt hewtdeded hevgnooves th&lmagneless gmee@dsS ass bai sigladred

afore tio i | de h e.gr e ooves G on
t he dlmsicrbr et‘gfﬁ\é\%%ﬁ%%n‘cmgég% ?ﬁ%%gt%ﬂ ‘g?fé)%}g]fllli:lI ?llr’%m%/}{(gé c(geﬁttetr% of a track
Tl on the diostreteckreackthn@@um Dl to

[0033] On the discrete track medium D1, to aveid the
recording of recording data onto adjacent tracks and

15 the reproduction of recording data from adjacent
tracks, in the same way as the discrete recording
medium D, the sizes of the respective parts are
designated so that a combined width of the track width
TWl and double the grocove width GW1l cf the grooves Gl

20 is equal to or wider than a combined width of the
recording width MWW of the magnetic head 5 and double
the off-~track width OTW and also equal to or wider than
a combined width of the reproduction width MRW of the
magnetic head 5 and double the off-track width OTW.

25 More specifically, the groove width GW1 of the grooves
Gl is designated as being the afcrementioned width S
wider than the grcocove width GW of the grooves G on the
discrete track medium D so that the length from the
center of a track Tl on the discrete track medium D1 to

30 an ocuter edge of a groove Gl i1is equal to the length
from the center of a track T on the discrete track
medium D to an outer edge cof a groove G. Accordingly,

on the discrete track medium D1, the track pitch TPl is



an outer edge of a groove Gl is equal to the length fromthe center of a
track T on the discrete track nmediumD to an outer edge of a groove G
Accordingly, On the discrete track D1, the track pitch TP1 is 21 narrower
than both the recording width MMV and the reproduction wi dth MRWof the
magnetic head 5 and is the wdth S narrower than the track pitch TP of the
discrete track nedium D, so that the trdck density is raised by a
correspondi ng amount. As a result, with the discrete track medium D,
recording data can be recorded at a high density and no matter how the
magneti c he%@rsowgde%@a}é%lhmmﬁlﬁe"t:%’égblﬁ‘f ¥1aek Wt anOTWi th respect to

a track T df'%b?&dﬁ@&éﬁ%i@tl@gm@ﬁdofe@l’i@%‘&&ﬁ@&@fhé&@% ding fdata,
recordi ng and reproduction errors, recording on adjacent tracks, and

reproduct i oﬁhqar‘@mi*élaj ACRAT LWL Kshaanthe Fed¢lap ytclavby ded. tfﬂ©034] In this
way, accor d&ﬂ@&é’téh&é?ﬁ%@&ﬂ%rﬁprgguﬁﬂé@”%@@p@fé‘éysdénsP&’y desi gnating

the respective sizes the parts so t recordi ng wdth MAW and t he
repr oduét i o2k eld hbWMNca@Jerwmmdm@nalaomtrm Aed a wiedh tof wild tract width

TWand  doupl g &f§c:ﬁé1§e t 9&15 H&Bcﬁwaf‘@c d%iurgr#scﬁ)a‘ﬁ% Oﬁﬂ tracto or

smaller than a wdih pro uced tracting k OTWfrom
t he conbi neldewmwoattmehlqlacdkewmh TN deubt e tiey gilodove wi dth GW no

mat t er howxa%ﬁﬁlér&g@eﬁ%g? fﬁ ctiis;%ﬁé b aced ; ;ﬁh@héag@@ Of , Lhg, Of fy; track

wi dt h OTW respec durl ng thé tecording or reproduction
of recordi ngf¥lardthitecgaechecesuretck Hhtdmtusl@ntthe erecrcazckln%edtdh TWw ||

be include t or and t he

reprodll%(%:&tl gﬂ%%ﬁ % %‘n% %8%%112 t|a§€ dé](%)%&hgﬁ%]he over | appi ng of

adj acent t risgsoduanidont her poss |mrsommcj1eorr ety it argt Wi o dok SMNAInd
reproduction from adjacent tracks can be reliably

avoided.,

15 [0034] In this way, according to the
recording/reproduction apparatus 1, by designating the
respective sizes of the parts sc that both the
recording width MWW and the reproduction width MRW are
wider than a combined width of the track width TW and

20 deouble the coff-track width OTW and are also are equal
to or smaller than a width produced by subtracting
doubile the off-track width OTW from the combined width
of the track width TW and double the groove width GW,
no matter how the magnetic head 5 i1s displaced within

25 the range of the off-track width OTW with respect to
the track T during the recording or reproduction of
reccrding data, it can be ensured that the entire track
width TW will be included within the ranges c¢f the
recording width MWW and the reproduction width MRW of

30  the magnetic head 5, and the overlapping cf adjacent
tracks T and the positions of the recording width MWW
and the reproduction width MRW c¢f the magnetic head 5

can also be avoided. By doing so, it is possible to



and the reproduction width MRWof the magnetic head 5 can al so be avoi ded.
By doing so,it is possible to reliably avoid recording and reproduction
errors, recording onto adjacent tracks and reproduction from adj acent
tracks. In addition, conpared to the case where in order to avoid the
recordi ng onto adjacent tracks and reproduction from adjacent tracks both
the recording width MW and the repraogiucti on width MRWare designated at
a wdth that exceeds a width produced by subtracting double the off-track
w dth OTWfrom a conbined width of the track width TWand doubl e the
groove ~wi dFRLigplyr a¥6idi H§castancafnbderepeorddedian &rrArgh density.

[0035] Also,caceaidingto bAS,Eecer ‘ékﬁ%éeQhadﬁé‘ékaBuéEﬁ%a%%E ’ by

designating the respective sizes of arts so that the trac ch TP1
i's narrower adhaﬁebbt hracke.r eb@r@ldwgtw@x hcomwe eed thethepradicti on

wi dt h~MRW o TRJg I a i S I ai track
density, so&?% % ¥ﬁe8?g%grg?ngv§%dakggn %gg?gggsdégtgtbggﬁ%gﬁtdensity.
Al so, n@® matrerkhoantheeprodgnetpe heaw Sdﬁscdhgptaeehsmbohhntherange of

the off- trac 5rd£%§tul8%¥v ﬁhaﬁgsgﬁgtaégrggﬁcEE ﬁkwIétguﬁkﬂg

recordi ng or repr ction o recordlng a, recor |ng and repro uctlon
errors, recdediggabatioaddpawedtht thekseandedeprodudthoprbdoneddpacent

tracks can gﬁ}aﬁgkg?ﬂgnbgﬁﬁﬂﬂﬁg 2% gording Md}H ﬁc%E l,ng/ reproduct i on

appr ar at us €sl € res ec ivE SIzes 0 S So that the
recordi ng mtdmhlnHWVamdthhefrEbeoduatkowimtutEWNRMdadeublalthe and are
S'nllaﬁo groove width GW, recording data can be recorded at a

high density.

[0035] Also, according te the recording/reproduction
apparatus 1, by designating the respective sizes of the
15 parts so that the track pitch TPl is narrower than both
the recording width MWW and the reproduction width MRW
of the magnetic head 5, it is possible to raise the
track density, so that the recording data can be
recorded at a high density. Also, no matter how the
20 magnetic head 5 is displaced within a range of the off-
track width OTW with respect to the track Tl during the
recording or reproduction of recording data, recording
and reproduction errors, recording onto adjacent tracks
and reproduction from adjacent tracks can be avoided.
25
[0036] Also, according to the recording/reproduction
apparatus 1, by designating the respective sizes of the
parts so that the recording width MWW and the
reproduction width MRW are similar and are similar to
30  the track pitch TP, while simultaneously avoiding
recording and reproduction errors and the like, it is
possible to achieve a high density recording of the

recording data and to form the track width TW at a



the track pitch TP, while sinultaneously avoiding recordi ng and
reproduction errrors and the like,it is possible to achieve a high density
recording of the recording data and to formthe track width TWat a

maxi mrum so that during the reproduction of recording data, magnetic,
signals recorded on the tracks T can be efficiently read and a reproduction
signal with a high I evel can be obtai rked. [0037]1t should be noted that
the present invention is not limted to the enbodi nents descri bed above and
various nodifications, can be nade as appropriate. For exanple, in the
embodi ment sM&¥ 1FHB/ p%s*émtucﬁ%hwoﬁheaﬁe@&%w@%e@% ¥PEOIGHK pitch TP

of the discagte, malh@ckcne H&lé)téeé@&e@lo§09m@1tf£@kér@C$aﬂ“EEh TWi s
set at 200nm _the groove wd GWis set at 100nm and both the recording

wi dt h M/\Waﬁz\@f%%e%b:foa@%@h@ﬁaadmiid%wrcmw‘@xorﬁ hel feghetieh eddi® are set at

300nm i s desggibedin pe i suchynunerical values are nerely for
illustrative purposes and the sizes may be freely changed wthin ranges
t hat saﬁisfy the conditions of the present invention.Al so, the sizes nay be

desi gnat ed | gl aepordanse, wd heithiery @ Jethad ot desi anating dhe recor ding

w dth MAW and t repro uction e magnetic head
accor dance Wt hblmespdctd viehs i erigodinghes pdascr Bfed ebalisaret e track

medi um D ory 2. et hod, of £ deSi gL 1 09 pe nade as appropriate. For

example, in the embodiments of the present invention,

1C an example where the track pitch TP of the discrete
track medium D is set at 300nm, the track width TW is
set at 200nm, the groove width GW is set at 100nm, and
both the recording width MWW and the reproduction width
MRW of the magnetic head 5 are set at 300nm is

15 described, but such numerical values are merely for
illustrative purposes and the sizes may be freely
changed within ranges that satisfy the conditions of
the present invention. Also, the sizes may be
designated in accordance with either a method of

20 designating the recording width MWW and the
reproduction width MRW of the magnetic head 5 in
accordance with the respective sizes of the parts of
the discrete track medium D or a method of designating
the respective sizes of parts of the discrete track

25b medium D in accordance with the recording width MWW and
the reproducticn width MRW of the magnetic head 5.
Additionally, the discrete track-type recording medium
cf the present invention includes both a single-sided
recording medium and a double-sided type where a

30 plurality of concentric data recording tracks are
formed on both front and rear surfaces of a substrate.
The discrete track-type recording medium of the pfésent

invention alsc includes media where the grooves F are



the respective sizes of parts of the discrete track nedium D in accordance
with the recording width MAW and the reproduction width MRWof the magnetic
head 5. Additionally,the discrete track-type recordi ng nedi um of the
present invention includes both a single-sided recordi ng nmedi um and
a doubl e-si ded type where a plurality of concentric data recording tracks
are formed on both front and rear surfidces of a substrate. The discrete
track-type recordi ng nedium of the present invention also includes nedia
where the grooves F are 2 4 filed with a non-magnetic nmaterial. Wat is
clai med is:talled maghet# codeaiedee teder B R+ eproduction constructed so
as to be capable of recording recording data onto and of reproducing
recording data froma discrete track-type magnetic- recordi ng nmedi um on
~which a plurality of concentric data recording tracks, which are
magnetical ly separated by non -nagnetic parts, are forned, wherein the
magneti c head for recordi ng/reproduction is constructed so that a nmagnetic
effective recording head width of the nagnetic



head for recording/reproduction is equal to or larger than a conbined
width of atrack wdth of the data recordi ng tracks and doubl e an
off-track width of the magnetic head for recording/reproduction with
respect to the data recording tracks during a recording of the recording
data and is equal to or smaller than a width producing by subtracting
double the off-track width during the2mecording froma conbi ned wi dth of
the track width and double a width of the non-magnetic parts, and a
magnetic effective reproducti on head width of the magnetic head for

recor di ng/ réprbduet ¢bninedeguial to or larger than a conbined width of the
track width and double an off-track width of the nagnetic head for
recurdi ng/ reproduction with respect to the data recording tracks during a
reproduction of the Ped@dieng datcadari®l esgralingg rwPramidtdont han a width

produced bycshbt£actLag.doubl e, the offsfoack wEdbhagug i pgcthe: £gpr oduct i on

froma conbined w and double the wdth of "the
non- naget i ¢aparoesto 2and afgnepiedheded f pecoedordi dgta eprodueti on accordi ng

to claimLoyherelp Lpe- gl [GeLiye,teeor d: ag heads vh il Son wigdes, than a

track pitch e datarec ing“trac and th ective reproduction
head wi dth & splwidelithant ¢dmcemacke pidaith oécohdimat araeksdr dimgcltracks. 3.

A magnetic head for the or di r j C r di to aim1l,
therein e ragretret heahy orhatet aRrey it B0 Ee B ta it Cea 5o ¢ hat
the effectiwene@dcordi ng head wdth and the effective reproduction head

wi dt h are simlar and.affhboth s%iglﬁgaé@%gktrack of the data recording

tracks: A nagne"if}f‘%r?le%o of n%a%%edl umconstriucted as a

recording/reproduction is constructed so that a
magnetic effective recording head width of the magnetic
head for recording/reproduction is equal to or larger
than a combined width of a track width c¢f the data

15 recording tracks and double an off-track width of the
magnetic head for recording/reproduction with respect
tc the data recording tracks during a recording of the
recording data and is equal to or smaller than a width
produced by subtracting double the off-track width

20 during the recording from a combined width of the track
width and double a width of the non-magnetic parts, and
a magnetic effective reproduction head width of the
magnetic head for recording/reproduction is equal to or
larger than a combined width of the track width and

25 doukle an off-track width of the magnetic head for
recording/reproduction with respect to the data
recording tracks during a reproduction of the reccrding
data and is equal to or smaller than a width produced
by subtracting double the cff-track width during the

30 reproduction from a combined width of the track width

and double the width of the non-magnetic parts.

2. A magnetic head for recording/reproduction



di screte track-type medi umon which plurality concentric data recording
tracks, which are magnetically seperated by non-magnetic parts, are forned
and onto and from which recording data can recorded and reproduced by a
magnetic head for recording/reproduction, wherein the nmagnetic recording
mediumthat a track width of the data recording tracks is equal to or
smal l er than a wi dth produced by subtracting double an off-track wi dth
of the magnetic head for recording/reproduction with respect to the data
recording tracks during a_recording of the recording data from magnetic
effective rBE6PAFAGINEQdC @Bt h-of the magnetic head for the

recordi ng/ reprodughkpBint PRct EAGK Wi dhhrb8oruRl £8287wsHBh! €5 than a width
t he magnetic head for recordlng/reBroductlon with respect to the data

recordi ng t¥aeRE 8OARng ArackeBibdlcPiohnef dehe recording Bagekfrom a

magnetic effgcthyecrepredyct -aprpaadt WAt N9k §harARgneligebeadanf or
recordlng/rggroductlon, and a conbined wdth of the track width and

doubl e @ wi 8tf brackePhabAbnagnbbpcdatparesordivngubracbser |arger than a
conbined width of the effective recording head wi dth and double the off-
track width during the recording, and, is equal to or larger than a
combi ned wi dt h of 3t hé® afFsutliive heashrivductdant digay neirdidsivetid adoubl e t he

of f-track mgg&Frd}Q dysipg i he reproduction. 5. A magnetic recording medi um
according to c a|n1% ponstructéd so that a track pitch of the data
recordi ng tracks wkepainowee Taanethe kédecféwe 15 recording head width of

the magpetig f [ i epr.o Lon i o] t han t he

effective re%?ggﬁét?%ﬁéﬁeggg%?géﬁ g% ?ﬁgé%g%%€€?céﬁeggéf ehit
effective recording head width and the effective
repreduction head width are similar, and are both

similar to a track pitch of the data recording tracks.

15 4. A magnetic recording medium constructed as a
discrete track-type medium on which a plurality of
concentric data recording tracks, which are
magnetically separated by non-magnetic parts, are
formed and onto and from which recording data can be

20 recorded and reproduced by a magnetic head for
recording/reproduction,

wherein the magnetic recording medium is
constructed sco that a track width of the data recording
tracks is equal to or smaller than a width produced by
2b subtracting double an off-track width of the magnetic
head for recording/reproduction with respect to the
data recording tracks during a recording cf the
recording data from a magnetic effective reccrding head
width of the magnetic head for recording/reproduction,

30 . the track width is equal to or smaller than a width
produced by subtracting dcuble an off-track width of
the magnetic head for recording/reproduction with

respect to the data recording tracks during a



for recording/reproduction. 6. A magnetic recordi ng nmedi um accordi ng cl aim
4, constructed so that a track pitch of the data recording tracks is
simlar to both the effective recording~head width and the effects
effective reproduction head wi dth of the nagnetic head for 25
recordi ng/ reproduction. 7. A recording/reproduction apparatus conprising a
magneti ¢ head for recording/reproducti®®h according to claim1 and a
magneti ¢ recordi ng medi um according to claim4 and constructed so as to be
capabl e of recqording the recording data onto _the nagnetic, recording

medi um and Fﬁ@rP@EGFHPHgOEaFQefF%ﬁ?%ﬂénﬁaﬁﬁE%|Er?%c%r%@%ﬁeﬁ%ﬂlun1

effective reproduction head width of the magnetic head
for recording/reproduction, and a combined width of the
track width and double a width of the non-magnetic

5 parts is equal to or larger than a combined width of
the effective recording head width and double the off-
track width during the recording, and is equal to or
larger than a combined width of the effective
reproduction head width and double the off-track width

10 during the reproducticn.

5. A magnetic reccording medium according tc
claim 4, constructed so that a track pitch of the data
recording tracks is narrower than the effective

15 recording head width of the magnetic head for
recording/reproduction and is narrower than the
effective reproduction head width of the magnetic head

for recording/reproduction.

20 6. A magnelic recording medium according to
claim 4, constructed so that a track pitch of the data
recording tracks 1s similar to both the effective
recording head width and the effective reproduction
head width of the magnetic head for

25 recording/reproduction.

7. A recording/reproduction apparatus comprising
a magnetic head for recording/reproduction according to
claim 1 and a magnetic recording medium according to
30 claim 4 and constructed so as to be capable of
recording the recording data onto the magnetic
recording medium and of reproducing the recording data

from the magnetic recording medium.



