; e3e6nbj $4$6JTI QU~J r v Substrate for Perpendicul ar Magnetic Recordi ng
Medi um Per pendi cul ar Magneti c Recordi ng Medi um usi ng Method for those
Préduction 5 Field of the Invention the Substrate, and This invention
concerns a substrate for a perpendicul ar nmagnetic recordi ng nmedium a

pe¥ pendi cul ar magnetic recordi ng medi um using the substrate, and a nethod

for 10 those production. Prior Art A perpendicul ar magnet jum i
mediumis classified roughly into two sorts of 15 nedi a, mumﬂ“mmmmmw
single-layer type and a double-layer type, fromthe structureggf a magnetic
| ayer for nedubstrate fonBexneadisular Magsetic Reqopding dediumer pendi cul ar magneti ¢
recording |layer only. The other conprises a doubl e-layered nmagnetic | ayer
consi sti ng BerpandietimendMagnetic Regording r Mediugi nipingay ethe an§ubstintek andyer
including a soft magnetic layer. Information is witten and read out these
per pendi cul Methﬁdgnvegioee Penduettimg 20 nedia with magnetic recording heads, a
ring type thin filmmagnetic recording head applied in Longitudi nal

magneti cSrecordi ng and a singl e-pol e magnetic recordi ngwmmm mm requires
strengt heni ng t he perpendi cul ar nagneti zati on of these m M@"’to
conform to Fild ofshplnyantian ar nmagnetic recording, There aresigts, however,
to strengthening the perpendicular nagnetic field of these heads for their
proper 25 adaptability to the |ongitudinal magnetic recording. Thus,
limtations in the measures 1 taken to deal w th nmagnetic recording
heads requi This tityentieagersceras p substrdienigr sarpgndieflaramagnetic respringnmpdivmgat o
i nprove perpendi cul ar nmagnetic recordi ng. The doubl e-1 ayer type
per pendi cul parpandighlet imagnatisorelrdigs mesdiiummuging h theesubsitke, laag @r heshodenfeanci ng
the effect of head magnetic field on the nagnetic recording |layer, is
beconi nél t héoseai productiemm 5 from such a viewpoint. Further, as everyone
knows, it is necessary to inprove linear density and track density, to
i nprove area density in the perpendi cul ar nagnetic recordi ng nmedi um Linear
density refers to density in the circunferential direction of the recording
medi um andPiior Artack density refers to density in the radial direction of
the recording nedium Increasing both densities inproves effectively area
density because both contribute to the area density. However, the current
ratio of linear densities to track densities is 12 to |, and high area
density is Hdepsrgedicylarsmhgnetio redonding mubdivgi sy claspHied , roghly énto nebspanoébl e to
i ncrease track density, that is information density in the radial direction
15 of the rmediadiamelyredsivgle-layer tipdeandt @ dadiié-byer hipghframethe dometiiteyofi a t he
future. Then, methods to inprove track density have to be devised. First,
t he magnet i magwtie layedférmefl @ zonbsgatpohtid 0ge wamprises @ rreqendiculy megdtic s
narrowed. Recorded track width, the size of a recorded track in the radi al
direction, fesordingraysedonly. alhreexhdrticompriseh@ dROblpdayerdanhgnetiznaydr copidtieg
inmproving track density. Track 20 is part of a medium surface, a concentric
circle of pofesparpdndidular oiagnetialr¢cerding layayned a badk ylaydrtincladimgag saft inegretit e 14 of
a magnetic recording head as shown in Figure 8(a).

layer. Information is written and read out these perpendicular magnetic recording

20  media with magnetic recording heads, a ring type thin film magnetic recording head
applied in longitudinal magnetic recording and a single-pole magnetic recording
head. This requires strengthening the perpendicular magnetization of these heads so as
to conform to the perpendicular magnetic recording, There are limits, however, to
strengthening the perpendicular  magnetic field of these heads for their proper

25  adaptability to the longitudinal  magnetic recording. Thus, limitations in the measures



At a prescribed position above the rotating perpendi cul ar magnetic
recording medium25 is flied the nagnetic pole |4 of the magnetic recording
head. Skew angl e must be taken 2 into account when the recorded track 20
is formed with the head in this way. Skew angle is fornmed where an outline
of .the magnetic pole 14 and an outline of a recording section on the
recorded track 20 cross each other as shown in Fig. 8(a). Represented is
the outl i ne taken thdeahwih dtagpctisgpeording hgads regpiss the dppgacticgedarding mediym ofdge 19,
and the outline 5 of the recorded track 20 by borderlines 21 and 22 in the
ci r cunf er endirggturgiepahding ¢ improye gerpengiqular magesticatecydingeBlie dondledlayedrne ne 21
and the borderline 22 corresponds to recorded track width Tw, On condition
that the si dePetiQlermagpeticiecordighmedivmpyythehe hackn daxen forp spbrseing fesefiegt 22 of
the recorded track cross each other at a skew angl e of zero degrees, the

wi dt h Mv of of headpagnetic deldo|an the magnetic) regasdipg dayg dt becaming the sindstregmsect i on
10 (a recorded bit) 23 on the recorded track 20, that is recorded track
width Twd Héwevaseh aviewpaEbneti ¢ recordi ng head of the conventional hard
disk drive (HDD) is often designed to have skew angles -30 to +30 degrees,
assum ng that the central, internal, and outer circunference of a magnetic
di sk has a skew angle of zero, a negative, and a positjive 15 in degrees
respect i vel Yurthgschsigugrrene knpws,ibig neaepseryrte dopravhlindae adensity and algackdensHBD wor ks
above the rotating perpendicul ar magnetic recordi ng nmediumw th skew angl es
vari ed over tQ Hapioxpgecaof densite in Ibe tnsrpeadiclerg magnstic craepsding meshwm.r binetrded
bits to have a wdth equal to and others different from magnetic pole

wi dth. 20 THerséty oefers tovhdensithén thegsiseynefeicaisad diprign b g regording medinmt and skew
angl e of the magnetic pole 14 varied, the recorded track 20 is fornmed with
bot h t hd0f r dmek eldepéty 1@fandot héensilydén ebiyeadid directipre ofeihee¢ardipg| medium as
shown in Fi ? 8(b). That is, the actual recorded track forned by the

magnet i ¢ pollecrergingibpthedegsitiesoimpsayes pffestively arset wdensity wecagsecdensh edntaithiée tpagnet i ¢
pole in width. Nearly equal, however, is the recorded track width to the 25
magnet i ¢ polthe s aaagiensity. Niaweveashecureegiiatio ofy lirsaor denditips to teagk deénsiiieglisst or t ed
polygon is 3 formed as shown in the figure. Larger is recorded track

wi dt h ref er ldo tloamkhigh facsat i deasityecior derendedaciostiydinhlinear hdensify. dihks, Trivis
mentioned earlier, making it difficult to achieve high recording density. 5
bj ect of t lilispensabit toinciEhss prack densitpfthat ireinformsateantdenntydm thiegadiplglinetionf f er a
substrate for perpendi cul ar magnetic recordi ng, a perpendi cul ar nagnetic
recor di 1§ mefithamecaudingymediemsiniosder tot ashicumbigh trea densitotn the fustmeruf act uri ng t he
substrate and the nmedium O double |ayer type is the perpendicul ar
magnetic recording medium is witten into and read out wwth a current 10
ring type thin filmmagnetic recording head and a singl e-pol e magnetic
recordi ng hdaen. Thshasigdet impreye iveitkundensindhawstthoy etvisehelipst.etbemagheticent i on
provi des an increase in the recording density of a nmagnetic recording

| ayer, keepipoly widtoeldegotresponding thagnetic geaotingrheny inmamowere Megerded track
recordi ng head works with the skew angle of the magnetic pole varied. 15
Means t o Solwidhithe size ohi esvrdes p aekminrthe radiadl dirsohion, dhpairowed lag atresu of the t he
probl ens reveal that processing the side of a substrate as set forth bel ow
i npr oveL0t hearewssr miagngtideneds timpoving rtaadk unfiensitagiracki 20 limpant ofiat edivman
increase in recorded track width even when a magnetic 20 recordi ng head

wor ks abov e serfacotaatoneeptniveadicisrninreasérited evidthcallergd glagnasicalivh ewitlhg ae thhagnglis| e
varied. Used is the substrate in a perpendicul ar magnetic recordi ng nedi um
of a doubl epblgyldrof &y magneicooreatding heddeas shayen iniFigue8@lubstrate to give a | and
and a groove alternated in respective concentric circles wth each of the

| and and the groove arranged at regular intervals. Equalized is the total

of land width and groove width with the track pitch
Ata prescribed position above the rotating perpendicular magnetic recording medium

25 is flied the magnetic pole 14 of the magnetic recording head. Skew angle must be taken

2



25 of the magnetic recording head used in nmagnetic recording. And forned is
the land to 4 have wi dth equal to or less than the effective recorded
track width of the nagnetic recording head, and the groove to have depth
200 nmor nore. The present invention was acconplished according to the
findings set forth earlier. 5 Characterized is a substrate for a
per pendi cul ar magnetic recording nmediumof the present invention by a |and
and a groov#tq hesogitighegfthe Fﬁ@osiegsifﬁféﬁ 0 jsriounedewith Mot keady dn s way-t kewvand and
the groove in respective concentric circles with each of the land and the
groove ar r apgalisgormasguhese an gutting af e nEgnetic pole 1hand at eutlinss of aaregordingt h and
groove wwdth to the track pitch of the magnetic recording head used in
magnet i ¢ r essstioh eiythe peotded ed tragk 20wsoss@ag)i eber@h shayen igdrligsti!?aa-t%emscrnect e | and
equal to or less than the effective record track width of the nagnetic
record ing Headtling ofhdtntagnetischolentt lyr dfions ed @G0! §randoy sideadee il H adeé gicrputlpar t her
the nmethod of manufacturing a substrate for a perpendicul ar nmagnetic
recor di ng netlihamgasfdet hdrapk 88 dmtborderlimas 2 band 32 ghthe gircumbercadal bydire¢tonmfocess
of making a 15 land and a groove set forth below. G ooved is the side of
t he subst r athe traskcorgtervel betweénr the ehordeding Glnangr the berslerdioe 22 mceorresponds ton
depth, arranged at regular intervals in the radial direction. Thus,
provi ded i srechrdedi deackfwitdthelvs ulsdt eoadisiomthahthe side ledged! %aefcthe magngtio pole 14
alternated in respective concentric circles with each of the | and and the
groove arr angetde hordertigesl 2Hr 22 nf the veabsled Firatk qragsteaghsothdnet ¢ sketh dngleved@erogr ooves
200 nmor nore in depth. Gooved 20 is the side of the substrate in
concentric degressethe wadtlyMre of e nagneticarode bt proallelsgheiwidth of a feeordimgoketipnt ch of
a magnetic recording head in total width, and the | and equal to or |ess
t han t héoef {aetdrde rlgEt) @B dedhe recrdedw teick 20 thate imagemstded neclwiitnfwhead i n
wi dth. Further, a perpendicular magnetic recordi ng nedi um of the present
invention is 25 characterized by a seed |ayer, an antiferromagnetic |ayer,
a soft magnetic layer, a 5 under layer, an internediate |ayer, a
per pendi cul owmegrk¢ megnetic arcdiding Head/efrthe conpersioedthiardediskadre (HRBY issoften
| ubricative |ayer forned one on top of another on a non-magnetic substrate
ment i oned bdésigned Ry lave dieclv arglasha0 i th9 depreed) @sssmlvgt thatttke ewintrhl, mtdreabchndnd a
groove alternated in respective concentric circles with each of the | and
and t he gr oower carcnmfegande af a agretjcllisk hasratskew angle ofzguoak negativhend opasitivef | and
width and groove width to the track pitch of the magnetic recording head.
Provi dedbi sirt Hegrees despoftivelye dunbdenat chenwmbgnetibecdoating: bepdadl dnoaaywal |[1E3B t han
the effective recorded track of the magnetic recording head in width, and
t he groove ROfksrabper theooting pei@pidiculat Gnanetid racorddig, médien netthg@wodngles
manuf acturing a perpendi cul ar nagnetic recordi ng nmedium of the present
i nvention i saredawverctherange df somerr@ ka3 ledegmees, ragsimgt some sedosted atbits tshayet f ort h
bel ow, and by form ng an seed |layer, an antiferronagnetic |ayer, a soft
magnet i ¢ | ayidth equalivoced othaxsalifferem fiont reagmeidld plewidddyer , a per pendi cul ar
magnetic recording |layer, a protective |ayer, and a lubricative |ayer one
on top of another on the non-magnetic 15 substrate. Grooved is the side of
the substrate in concentric circles to formgrooves 200 nmor nore in
dept h, aér affberdfoet whewthe amagneticaecmmdisg headtweks wifh the skiéw exglé ofithe Rragnatided i s
the side of the substrate with a |and and a groove alternated in respective
concentric polecllés varitd) tiearchordéd trind 20aisdomred withebgh devioraredgndi® dndather egul ar
intervals. Flat part is the |and between grooves 200 nm or nore in depth.
G ooved i s sideedded® iofthet hagnstibpdle 34 es | sho@ ic dige 8(H).rThat ) the lagtsaltrecogiede t he
| and and groove equal to the track pitch of a magnetic

track formed by the magnetic pole 14 differs from an interval between two sides of the

magnetic pole in width. Nearly equal, however, is the recorded track width to the

25  magnetic pole's diagonal Mw'. As a result, a recorded bit 24 of a distorted polygon is



recording head in total wdth, and the land equal to or |less than the
effective recorded track width of the magnetic recording head in width. 25
Brief Description of the Drawings Fig. 1 Figure | is a typical chart of a
substrate for a perpendi cular magnetic recording nediumreferred to in the
exanpl e of the present invention. 5 Fig.2 Figure 2 is a principally
sectional view of a substrate taken as indicated along the line |I-I1" of
Fig. 1. Fig.formepjaguphewn i sheafigupiletsger dhaacerded pads aidth meferresetor & effacore
between the effective recorded track 10 width T of a magnetic pole and skew
angl e 8 ref &pcorlgdt draphk widile Tethamyyidgh Ty raentigngd; egtlies makiing ig diffjeilictalackipier t
show ng sectional composition of a perpendicul ar magnetic recordi ng nmedi um
of the presdifh rEppding §98itY.Fig. 5 15 Figure 5 is a di agram representing
anplitude TAA and noise in terns of land width referred to in the exanple.
Fig. 6 Figure 6 is a diagramshow ng the relation between |and wi dth and SN
ratio referred to in the exanple. 20 Fig.7 Figure 7 is a diagram show ng
t he rel aPi oPhieat REEW Igyeadigs depth and effective recorded track w dth
referred to in the exanple. Fig. 8 Figure 8 is a typical chart show ng the
rel ati on betfiie dHrpokeeof tha giresersfinyentian ifeto; affep 8| substigteafop Herpentjcantar jraagagtic
magnetic recording head and recorded track width forned by the head, Fig. 7
8 (a) bei ng recording, calperppnsiqulanhasenetie recarding imedivel esingighe sehstaleanrfl éheof zero
degrees, and

J method of manufacturing the substrate and the medium. Of double layer type is the

perpendicular magnetic recording medium, is written into and read out with a current
10 ring type thin film magnetic recording head and a single-pole magnetic recording head.
The substrate, medium, and method of the present invention provides an increase in
the recording density of a magnetic recording layer, keeping recorded track width
from growing when the magnetic recording head works with the skew angle of the
magnetic pole varied.
15
Means to Solve the Problems
Experiments made wholeheartedly to solve the problems reveal that processing the side
of a substrate as set forth below improves the recording density of a medium's
magnetic layer without an increase in recorded track width even when a magnetic
20  recording head works above a rotating medium with the skew angle of the magnetic pole
varied. Used is the substrate in a perpendicular magnetic recording medium of a
double-layer type. Grooved is the side of the substrate to give a land and a groove
alternated in respective concentric circles with each of the land and the groove arranged at
regular intervals. Equalized is the total of land width and groove width with the track pitch

25  of the niagnetic recording head used in magnetic recording. And formed is the land to

4



Fig. 8 (b) skew angles nore than zero degrees. Preferred Enbodi nent of the
Present Invention 5 One selected fromthe group of ceramc, glass,

plastics, and netal including alumnum titanium and silicon can be used
as the substrate of the present invention. Copying from stanper grooves the
si.de of a substrate on injection nolding the pl astic 10 substrate to give
nore than one | g (g and roove. Furthe the sid a rretal substrate and a
cerami ¢ subRVF ayidthi eaugh Boelgssathen tlﬂPnBt{f"(?F'Y‘i 5678 h&ra‘fl‘owg‘i“\‘/é’ (Rfr BagKER one

| and and groove, 15 Use is nmade of the nore than one | and and groove of the
per pendi cuI@Forﬁﬁéﬁéﬁdr gnd the grogys1g havsudenth 290 nr Meresent i nvention to carry
ROM i nformation including servo information and confidential information.
Exanpl es 20 The foll owi ng describes an exanple of the present invention
with reference to acconpanying drawings. Figure 1 is a typical chart
referring toheMEsCBYINGRLEN ofvag ~ deAsEPHsicd f36°r°”é{”¥)@r p‘@ﬁ@i“é‘ﬂ@sasfe‘f?é‘ﬂr?é't“i%
recordin rredl um of the present invention. 25 8 Side of the substrate 1

i s provited Wraderited & aMaTrater yPyBEIcyRr B‘P%@EFF%H' eptdiT AT BB REEH 1 ¢
circles at regular intervals. Thus, praovided is the side of the substrate 1
with the | aifvention by afand asd ageove the %‘%r‘?fé'ﬂf‘eﬂ'bﬁtﬁ“‘cﬁfﬁ&@?& Altemated & thelagd ¢ h each
of them arranged at regular intervals. Flat part is the |and between the
grooves. 5 mdg&hﬁér@vwneresaﬁ‘ftwelO@amngrlcS@E,cﬂquwal earh Rl e 1apdsagsthe £FVE aken as
indicated along the line Il-11" of Fig. 1. Represented below is the depth
of groove 2arwgq.4 atgrpgj,gfye ipfeemals- Egpal is the total of land width and groove width to the

track pitch of the magnetic recording head used in magnetic recording. Provided is the
10  side of the substrate with the land equal to or less than the effective record track width of

the magnetic recording head in width, and the groove 200 nm or more in depth.

Further, the method of manufacturing a substrate for a perpendicular magnetic
recording medium of the present invention is characterized by the process of making a
15 land and a groove set forth below. Grooved is the side of the substrate in concentric
circles to form grooves 200 nm or more in depth, arranged at regular intervals in the radial
direction. Thus, provided is the side of the substrate with the land and the groove
alternated in respective concentric circles with each of the land and the groove arranged at
regular intervals. Flat part is the land between grooves 200 nm or more in depth. Grooved
20 s the side of the substrate in concentric circles to give the land and groove equal to the
track pitch of a magnetic recording head in total width, and the land equal to or less than

the effective recorded track width of the magnetic recording head in width.

Further, a perpendicular magnetic recording medium of the present invention is

25 characterized by a seed layer, an antiferromagnetic layer, a soft magnetic layer, a



the land wdth of land 3 Lw, and track pitch Tp as shown in the figure. 10
Further, Fig. 3 is a typical chart representing the relation between the

ef fective recorded track width T of a magnetic pole and skew angle B .
Recorded track width, referred to as effective recorded track width, T
equals the track width Y of the front edge 18 plus the track width X of the
side edge 19 in a magnetic pole 14, when skew angle B is larger than zero
degrees as WH&wnlayss 4n igtermediatslagraparpandicplar Bpgnetic tegordingtayer, 8peigsttize set s
the total of groove width Gv and |and width Lw equal to track pitch Tp.

Ef fective rlaxsratdd lubricativan Byds farmedrarean bep efif@othersen droramagnetie sHbsigateredi um
is given in terns of skew angle 8 of the magnetic pole 14 of a magnetic
recor di ng hegiong belows oProyided tindle side fafcthe \sabstraieowilled fapdcdad i grdever=X+Y= b
sin B +Twcos B, wherein b represents the side edge size of the magnetic
pol e and Tvalieenaisd dretpspectivdkeofpeitric cirples with speheaf the lardangithls groavg, arngediit i s
equal to magnetic pole wdth My, is reduced 25 recorded track width T when
t he magriet i €gpdlinteryals. Bauakis whedpigl of landoridtheand gepoye widsh toghe tragk pitgh efgpar ent
fromthe foregoing equation, the |arger the skew angle 8 of the nagnetic
recor di ng haegheti¢ igeording dgad. Brovided isrtheside ofthe aberatewith thedsndwi agudl. tFer
instance, track pitch, which inplies an adjacent track interval, Tp results
in 0.254, u leys thasthpieffective Ir¢caedad  drapls pf the dfagn@goesomiing head ia widthcanddbasi ty of
100 kTPl for an area density of 100Go/in2. 5 Then, track pitch Tp provides
t he magnet i &ogx§1280 nm asfmage ived§Adt i ¢ recordi ng head with a magnetic pol e
wdth Mv of 0.216 a m magnetic pole width Mv being equal to sone 85
percent of track pitch. Hence, a land 3, flat part between grooves of the
substrate 1, is forned to have land widths Lw of 0.216 a mor less, and
groove 0 t oAmhfuetheyr bovanefliodt vd napufsetudngBBerpendicular magnstic regordingtnred@m of
groove 2 has relation to wwdth Lw of land 3 as set forth below It foll ows
that, |and ofithe presept {nyention ipehamcikrized QOMaking a nairthagBetig sulsirate s detHortw (um) =
Tp-Lw >-_ 25.4/A ~4 000 ~ 1-B), wherein A(kTPI) is track density, and B is
t he di stri bheldvorand dtyi oroing| aanstedvi datyhr, law antifegromegrstioi dayiar, @safindmegnetiescr i bed
track pitch Tp. As nentioned earlier, the magnetic recording head in a HDD
i's conventileyesl 4 yunties layeredn inger@@dingViayes keeperpandicelsr magnetio recgglingelgyases

assum ng that the central, internal, and outer circunference of a magnetic
di sk, that pretectivendaxst.i andrambrichitivg faydi amg on tnp ¢feandthet oatthe veremagnetiovi des a
skew angl e of zero, a negative, and a positive in degrees respectively.

Pol ari t 16 of subkteate. &inepived lithe isigle off ftleectubssrateeinf avpoedntris Q’i@gért@&!mtgfms W@t h, and
a skew angl e of -30 degrees and +30 degrees gives the sane effective
recorded t reneler wotk in daptearranResdat regular intervals in the radial direction. Provided is the

side of the substrate with a land and a groove alternated in respective concentric circles
with each of the land and the groove arranged at regular intervals. Flat part is the land
between grooves 200 nm or more in depth. Grooved is the side of the substrate in
20  concentric circles to give the land and groove equal to the track pitch of a magnetic
recording head in total width, and the land equal to or less than the effective recorded

track width of the magnetic recording head in width.

25



25 angles of -30 to +30 degrees. Hence, it is appropriate to design |and
width L w and groove 10 width Tp-Lwwith a | arge absol ute val ue of skew
angle 8 . The follow ng describes the process of formng the land and the
groove of a substrate with land width Lw and groove wi dth Tp-Lw designed in
this way under prescribed track density. 5 First, copying froma stanper of

a injection,nolding machi pe _grooves the side of a substrate on injection
nol di ng tthﬁﬂgg?Fﬂgﬂ?hggp?Qﬂ@?“gﬁcluding pol ycar bonat e, pol yol efine, and
polyinide,w#o give a land and a groove. Patterned is the stanper in advance
with land vi&th Lw and groove wi dth Tp-Lw designed as set forth earlier. 10

Second, phaot.0o-resist | t hi ck was plied to the side of a netal
substrat o, TREF ddr Agyise < & sruoniaie BRE refpendiSyaresiets miv Rediediiny o
ceram c subs}raée.such as 1%@?. Loaded was the substrate with a mask
exposed, and & EVBﬂgﬂ“?Eper “PRSEY-PEEIYY of a prescribed pattern. 15
C?oovedfyas.tgf side of the substrate by reactive ion etching (RIE) of the
processed sﬂ% rate with a m xed gas of argon and chl orof | uorocarbon, for

ot ol | at i ngBHe 25t DRIaRY poelFR bl 2t bR b oflenloBiths ol abry ™

techni que u iin the netal substrate and the ceram c substrate, and the
melt proces ﬂ%éd in the plastics substrate can be applied to the fornmation
of a glassé§u trate with a land and a groove. Melted is glass at

t enper at ur €700 to 800C 25 11

Figure 3 is a typical chart representing the relation between the effective recorded track
10 width T of a magnetic pole and skew angle 6 referred to in the example.
Fig. 4
Figure 4 is a typical chart showing sectional composition of a perpendicular magnetic
recording medium of the present invention.
Fig. §
15  Figure 5 is a diagram representing amplitude TAA and noise in terms of land width
referred to in the example.
Fig. 6
Figure 6 is a diagram showing the relation between land width and SN ratio referred to in
the example.
20 Fig. 7
Figure 7 is a diagram showing the relation between groove depth and effective recorded
track width referred to in the example.
Fig. 8
Figure 8 is a typical chart showing the relation between skew angle of a magnetic pole in a

25  conventional magnetic recording head and recorded track width formed by the head, Fig.



Besi des, the | and and the groove can store patterned ROM i nformation as
wel |l as recording data. Included by ROMinformation is servo information on
t he address of recorded data, and confidential information for protecting
copyright. Thus, the nediumw th the |land and the groove can be used as a
magnetic recording medium5 w th high recording density and security. The
foll ow ng describes the nethod of manufacturing a perpendi cul ar rragnetl C
recor di ng nBAPANGT RPIgY ihre Vg Beagndicriyl 'I‘?éé:‘ék'é‘t’u%&'? 8f &0 degrees, #dast i ¢
substrate was degassed in a vacuum oven. Then, the plastic substrate was
put in a vaglﬁumtgﬁﬁ%éﬁg'esé%ef'}%ZV&(S’G%FH‘?Schanber was punped to 10-SPa or

| ess. On the unheated substrate 1 was forned a seed |ayer 6, an
antiferromagnetic |layer 7) a soft magnetic layer 8, an under |ayer 9, a
non-magnetic internediate | a 10, a perpendicul ar nmagnetic recording

|l ayer 11, aRk Be%”b‘w!"é’@timﬁé‘tpé%rl)ri%“b‘%e'ﬁwnt op of 15 another with DC
magnetron sputtering technique as shown in Fig. 4. Made was a

si ngl e- Iéyered or nulti-layered seed | ayer 6, the back |ayer, of Ta, Cu,

Ni FeCr, etc. Antiferromagnetic |ayer, 7 was made of Irih, N M1, PtM, etc.
Soft magnet re selgcied @0%{ © giouR obreramigy RIFSS, plasticraandpetaiNinclugingalumipym, |
addi tion, the under yer 9 was nade of Ti, TiC, Pd, Ry, etc. Non-nmagnetic
i nt er medi at étawwndm e aRhEsesrs ths Epbstratg offfiepiesent eyeptign. et c.

Per pendi cul ar magnetic recording |ayer 11 was nade of CoCrPt, CoCrPtB,
TbCo, TbFeCo, ThCoCr, TbFeCoCr, etc. Protective |layer 12 was nade of DLC
carbon, nitrogenoys carbon etc The, substrate was taken t of the vacuum
chanber, an§oPXiBg fem %twqr&mewem %ﬁ@aﬂ%“y oB AjFSIOR Jne e ShscBpsisn

pol ymer, tetraol, etc. he p endi cul ar magnetic recordi ng nmedi um
of a dodBl esybsial “’t%}b%morEé "‘r"ﬁf@ﬁ?g‘gﬁﬁ'm zed in layer thickness was
formed according to the condi t| on that each |ayer 12 mat eri al dictates.
DC sputtering, RF magnetron sputtering, face-to-face target type
sputtering, ECR sputterin i on beam sputtering (I1BS), and CVD techni que
can be usedFrierely se ¢ 9feapmey! r?ﬁbsr‘lréieréﬁ‘fi Sp GERBIC ﬁ‘gbs g hisi g9evateMtithoned
earlier to give char%cterlstlcs simlar to that obtained with the DC
magnet ron spiRtelEbegsphy & ie goes thanenerand and efpevey| - gl ass, and ceramic
substrate was heated, and layers simlar to those in pl asti cs substrate
were formed to give a perpendicul ar nmagnetic recordi ng medi um of a 10

doubl e- Iayer type. Figure 5 is a diagramrepresenting Anplijtude TAA and

noi se i A°t eMi% Tomade o e drare taghe E'i“T aee ané &rﬂ%\te Wﬁgt?fémnelcvléba}aav% head
hasamagnetlcpolevmdthofOBG e _siz 0.30 ,um a
skew angl e HCOMMSIBEHERLO thi, gregent ﬁ&verema*ews?af'y %&V’gmfwﬁm including servo

information and confidential information.

Examples

20
The following describes an example of the present invention with reference to
accompanying drawings. Figure 1 is a typical chart referring to the example of a substrate
for a perpendicular magnetic recording medium of the present invention.

25



15 Measurenment denonstrates that |and wi dths equal to or nore than nmagnetic
pole width 0.36 a mincrease noise considerably. This is ascribed to an
increase in recorded track width of a recorded bit, the formation of a

pol ygon recorded bit, the influence of adjacent recorded tracks, etc.
Further, land widths | ess than magnetic pole wdth di m ni shes noi se a
little. Anplitude, on the contrary, decreases due to the reduction _of 20
recor ded meyjfieef thetsubHrateri du P@v@eg i APESPHNPENBRPYRg Ok PESTiBEh LRk ibet ween
|l and wi dth and SN ratio. Measurenent indicates that the land is required to
have | and vioaesryicrirgles plyegnladntgrvals; Thusreyidedds B side o theisybstrated vithdhe or
nore. Land has to be mnimzed to have | and, wi dths 25 equal to or |ess than
magnet i ¢ pofRd hiand He gEeRYe JpilicHaed dn £6REREF wicled With gagh Qfgthfeﬁ' aranged appgnet i ¢
recordi ng head used and medi um characteristic. Figure 7 is a diagram
showi ng t heegdrdpeyalspdeinse s e bnddeteph hegrmevest f ecti ve recorded track

wi dt h. glgeci fied is that the nagnetic recordi ng head has a skew angle of 20
5 degrees, other conditions remaining the same. Measurenent reveal s that
shal | ow grogve depth causes the signal recorded in grooves to be detected,

i ncr easi ng BeYetiSve rRIEeiPaby sectenal wict of @ eybstrse takEn h ndatsd Alose ther e
results in an effective recorded track width equal to magnetic pole wdth
0.36 a m HEKIEI of Higvk Repessenteddmtnmrisdhe dentteolsgipeyeckeby o gropravids Gieveal s
that land widths 0.32 to 0.36 a mand groove depths 200nmor nore in the
substrate ﬁh@@ﬂ@&"ﬁhofh&¢éh&bmﬂﬁWWbéﬁmgﬂﬁﬁSH@%%FRWCﬁﬁd&an i mprovenent in
the RWcharacteristic (SN ratio Z 20dB) of a perpendi cul ar nagnetic

recordi ng medi um assum ng that the nagnetic recording head has a magnetic
pole width of 0.36 ,u m a magnetic pole's side edge size of 0.30 a m a
skew anHfl e BrthepFigedistypicalrrliar representingdipstielationbetgeenidirpptiective Apgardedigeous
Ef fect of the Invention A perpendicul ar nmagnetic recording nmediumw th high
recordi ng deaskiwigth Inef amagnetiepoleard siprcangleadt &esadide tsaek Wdtherefaried ént | v

manufactured with the present inventions as set forth 20 above. 25
as effective recorded track width, T equals the track width Y of the front edge 18 plus

the track width X of the side edge 19 in a magnetic pole 14, when skew angle 8 is larger

than zero degrees as shown in Fig. 3.

15
Substrate referred to in the example sets the total of groove width Gw and land width Lw
equal to track pitch Tp. Effective recorded track width T formed by the head of a
recording medium is given in terms of skew angle 6 of the magnetic pole 14 of a
magnetic recording head.

20

It follows that,

effective recorded track width T=X+Y=§ sin § +Twcos 0,
wherein § represents the side edge size of the magnetic pole and Tw recorded track width.
To recorded track width Tw, which is equal to magnetic pole width Mw, is reduced

25 recorded track width T when the magnetic pole has a skew angle 0 of zero degrees.

9



14 What is claimed is: 1. A substrate for a perpendi cul ar magnetic
recording nediumis magnetically witten and read out with a nmagnetic
recordi ng head conprising: 5 (a) a land; and (b) a groove, said | and and
groove being alternated in respective concentric circles with each of said
| and and groove arranged at regular intervals, said | and and groove being

equal to the track pltch of said magnetic recordl head in_ total w dth,

sai d | and b@&P KgPeyjetiframythg foregning eqyatiqna therlaigerdhg %‘EY"l"\?é‘er Bcorhemagreliek wi dth
of said nagnetlc recordln head in sai. d groove being 200 nm or
nore in depf‘*ﬁor 'Z‘g ﬁa%Hﬁswla%ft‘%thfsfoe‘é“’ﬁé‘icﬁﬁiﬁafré‘m ‘éi‘tdq'rragﬁ@f‘?tén“fee%l‘@itﬁg medi um

as set forth j wherein said substrate i s conposed of one sel ected

fromthe ger'ﬁp dm'r‘ﬁs?t%ﬂ adJPCﬁEﬁ tefknigterel of RJFﬁSH'Lﬁﬂ“ PR nM Bssusiing &i lineadn,
t hod f f act hstyate f
2 bor pend? cunahy AngBIBE! kb Hickgema Ariod RFBF Raeh ave ferstaghelianty ©

witten into and read wi.t h netic recordln head rising the
steps of? 26hgal faﬁr%bolﬁgowée%ﬁed@a fig aplg 14\ BeraEens oo 'Hggﬁ"ldrYVE Rgircles

to give a | and said | and and groove being alternated in

and a Qve,
respective BBHEERPPL Fé"%@grl\éw&f Ouil© H mb ARagnggic ol widthaMyy HugliosoRe Banged at
regul ar intervals id |apd and qove bei ual to et ack itch of
sai d magnet P"(f"etnéefﬁ"ﬁﬁi tch gﬁ““f’na ﬁag‘fiaﬁ fW mmgqua&ugff)%‘ﬁa 0%3] EtEi’LFa 0 or
| ess than the e ctive,re ed th of, said netlc recordin
head in w dtof"® W ayg;lagd, w ‘8% g\%\%%ﬁig Sssn?ﬁdcﬁm%rze‘oq‘ﬁved%’ﬁ?‘f’? wighs k

Gw of 0.038 1 m or more.

10
Width Gw of groove 2 has relation to width Lw of land 3 as set forth below.
It follows that,
land width Lw (um) =25.4/A X4000>B, and
15 groove width Gw (um) = Tp-Lw 225.4/A X000 X1-B),

wherein A(KTPI) is track density, and B is the distribution ratio of land width Lw to

groove width Gw under prescribed track pitch Tp.

As mentioned earlier, the magnetic recording head in a HDD is conventionally designed to
20 have skew angles -30 to +30 degrees, assuming that the central, internal, and outer
circumference of a magnetic disk, that is a magnetic recording medium, the head floats
over, provides a skew angle of zero, a negative, and a positive in degrees respectively.
Polarity of skew angle has no effect on effective recorded track width, and a skew angle of
-30 degrees and +30 degrees gives the same effective recorded track width under skew

25  angles of -30 to +30 degrees. Hence, it is appropriate to design land width L w and groove

10



4. A nmethod for manufacturing a substrate for a perpendi cul ar magnetic
recording mediumas set forth in claim3, wherein said substrate is
conposed of one selected fromthe group of netal, including alum num
titanium and silicon, ceramc, glass, and plastics. 5 5. A nmethod for
manuf acturing a substrate for a perpendi cul ar nmagnetic recordi ng medi um as
set forth in claim3 or 4, wherein the side of a plastic substrate is
grooved by cofthiTipelw mitim @ lasgeaabpalnte onalue mif skew onglerdl dhedplbaiing dasbréres dtee t o
give nore than one | and and groove. 10 6. A nmethod for manufacturing a
substrat e f grocesspé fqreving thelaad andithe grdove pbe oubdiratg with dindrwidih [seand grpove i n
claim3, or 4, wherein the side of a ceramc or a netal substrate is
grooved by phighdbilivhdesieaphin thie wyl waderprescritisdn tiopfeddnaitd and groove. 15 7. A
per pendi cul ar magnetic recordi ng medi umincluding a substrate and a
per pendi cul ar magnetic recording layer information is magnetically witten
into and read out with a nagnetic recording head conprising: (a) a | and and
a groovebdof Fish gopvings freait @ stagwperdof aridieetivn meldingemiasbinggeragves rtheasidel of B
respective concentric circles with each of said 20 | and and groove arranged
at regul ar iswihstrato @h dnjectian enoldingthe nldstips swhstratb.aineludieg)pely carbynathepololedine.pi t ch
of said magnetic recording head in total width, said | and being equal to or
| ess t han tlaed pelyigddd, (egivee tindead & gwoke. Wadkrhedds theztai penijradyvanse M@bgmi ng
head in width, and said groove being 200 nmor nore in depth. 25 16 8. A
per pendi cul avidthdyreadigeoove wirtll iTprd-wdedigned assewferth pashern in claim 7, wherein a
substrate is conposed of one selected fromthe group of netal, including
al umi num titanium and silicon, ceramc, glass, and plastics. 5 9. A
per pendi cul ar magnetic recordi ng mediumas set forth in claim7 or 8,
wher ei n IROVISE¢sdy hato-iesist 1w ithielk wgs anphiedbto; the denefta rogial anbtregnintldding A4l
information, is

Al/NIP, Ti, and Si, a carbon substrate, and a ceramic substrate such as Al,Os. Loaded was

the substrate with a mask, exposed, and developed to give photo-resist of a prescribed

pattern.

15  Grooved was the side of the substrate by reactive ion etching (RIE) of the processed
substrate with a mixed gas of argon and chlorofluorocarbon, for example CCIF3;. And
provided was the substrate with a land and a groove by exfoliating the patterned

photo-resist.

20  Third, the photolithography technique used in the metal substrate and the ceramic
substrate, and the melt process used in the plastics substrate can be applied to the
formation of a glass substrate with a land and a groove. Melted is glass at

temperatures 700 to 800°C

25

11



formed wth nore than one | and and groove. 10. A nethod for manufacturing a
per pendi cul ar magnetic recording nmedium 10 i ncluding a orientation-control

| ayer, an antiferromagnetic |ayer, a soft nagnetic |ayer, a under |ayer, an
internedi ate | ayer, a perpendicular nmagnetic recording |ayer, a protective
| ayer, and a lubricative layer fornmed one on top of another on a

non- magnetic substrate conprising the steps of (a)grooving the side of said
substrat e i Besadgnctint lend and rtd @move cgi stora peigroedaROM inforrgatioovas, wslhiad | and
and groove being alternated in respective concentric circles with each of
sai d | and ardordingo\dataainctudgé by ROMeagformationris eerva lisforngion ohahel adduebs gpf oove
being equal to the track pitch of a magnetic recording head in total w dth,
sai d | and berordeeqdaid, tapdor chrfslentidharnfotmatiof ffer piotesting copydight. tThagkthed dt h of
sai d nmagnetic recording head in width, and 20 said groove being 200 nm or
nmor e i n depmbdiuhwithAtherdenkd add ftior groemeuka bt wsddrag aa pegrpendiecoidang magdet i ¢
recordi ng mediumas set forth in claim 10, wherein a substrate is conposed
of one skl evitkhigh resmrdingedegsitnapd ecunitst al , i ncl udi ng al umi num titani um and
silicon, ceramc, glass, and plastics. 25 17 12. A nethod for

manuf acturi ng a perpendi cul ar magnetic recording nediumas set forth in
claim10 or 11, wherein the side of a plastic substrate is grooved by

copyi ng fr ofeafodowimpdescobesrthe iethgd ebmenudashising atperpendigilaranagoetis retradingne | and
and groove. 5 13. A method for manufacturing a perpendi cul ar magnetic

recor di ng meddiwmods dgeitle fype bhudimg thesgisabsti@tesr 11, wherein the side of a
ceramc or a netal substrate is grooved by photolithography to give nore

t han one | and and groove. 10 15 20 25

10 A plastic substrate was degassed in a vacuum oven. Then, the plastic substrate was put
in a vacuum chamber, and the vacuum chamber was pumped to 10°Pa or less.
On the unheated substrate | was formed a seed layer 6, an antiferromagnetic
layer 7, asoft magnetic layer 8, an under layer 9, a non-magnetic intermediate layer
10, a perpendicular magnetic recording layer 11, and a protective layer 12 one on top of

15  another with DC magnetron sputtering technique as shown in Fig. 4. Made was a
single-layered or multi-layered seed layer 6, the back layer, of Ta, Cu, NiFeCr, etc.
Antiferromagnetic  layer 7 was made of IrMn, NiMn, PtMn, etc. Soft magnetic layer 8
was made of CoZrNb, CoZrTa, CoFeNi, FeCo, etc. In addition, the under layer 9 was
made of Ti, TiCr, Pd, Ru, etc. Non-magnetic intermediate layer 10 was made of CoCr,

20 CoCrTa, CoCrRu, etc. Perpendicular magnetic recording layer 11 was made of CoCrPt,
CoCrPtB, TbCo, TbFeCo, TbCoCr, TbFeCoCr, etc. Protective layer 12 was made of
DLC carbon, nitrogenous carbon, etc. The substrate was taken out of the vacuum
chamber, and lubricative layer 13 was formed by applying fluorocarbon polymer, tetraol,
etc. to give the perpendicular magnetic recording medium of a double-layer type. Each

25  layer optimized in layer thickness was formed according to the condition that each layer

12



18 . A A&NLe. AN. A; e. AuR A . A Aay. Aue. Aae. AN. Aa. A;

. Au. Au2. AN. Aa. Ag{j op8v{/ $- 2c4zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa] ca] cRa] ca] ca] ca] ca

W] caV] ca! 4A $SUX%&' r' "' @) ) W+, >, D, f, #. ./ #/ 00-1\ 111102| w nmhc”Y]] ca] ca]ca] c
al.ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal 02223A333444j 44 555 6a667W78899: G :: G L;

=" >0} xsni dnidjefipkdijtetad.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ¥%q>>0?AA: BBB( CCCD~DD/ EBEEE4AFBFFF8G
RGUE GHXI HKLNNN} xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! NNUOCOO?PPPPYQORZSUSSTNTTT
UZUUVA WWIWBE \Bp00eaivey} REF nivagnelrpe ajpotitl]nga] featto ddcc aifasa] tepe spdtsahpeaEER] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! YYYYYZNZ zZnzzZ{[[[ U
\\\>] ]]j ~~_sputtedig, ionCeeamatippties mg d1BY)] gndd]\dateshipiqud e beabehipsaddee]tbalP€a) ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! bnbbccdeAeDelde
e" f wf f f 9§ggKtalietron sputtering technique mentioned earlier to give characteristics similar to that

I Njjj CkFkLkkdC | " mm n} xsni d_Z]]]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] obfpiwved vith tw]|RG@] cwgradionapetEliogjeckriqus] ca] ca] ca! - nOnBnbndeAeDelee” f
wf f f 9gggKhhh

I NjjjCkFkLkkd I " mm n}xsnid_Z]]]ca] ca] ca]ca]ca] ca]ca]ca]ca]ca]ca]ca]ca]calc
aJ ca] ca] ca] ca] ca]ca] ca] ca]ca] ca] ca]ca] ca]ca]ca] ca]ca]caf G 910% & ()-10% & (
)- L 10% & ( Furttiefoa @eip), 2lasQund cétpmicOgubgiratd way heated) and3lag@ysimilagtq dhose, in
3"10%\ & ()-10% & ()-! "10%\& ()- 10% & ()-

y10% &' () - r plastive p{bstrhte | idpedoraied Xo glvivbOdd Rndirular tha@inefi® recaling; mddigm &f@) - ! 11 4
"10A\& ()-!1( 3"109%\<\& ()- 8 }[9{\:!1ly& "10%"& ()- !',y& "10%"& ()-
"10%8& (1P-! doiblOhyer&yme) - & "10% & ()-! &

"109%6 " & () -vxyz{/{\:11"1092\2\& ()- '10% & ()-! 110%\& ()- 10" 10"

10"S8 10% & ()-!6Y4 "10% "& ()-$-/0z[<1: 10\ 9s10% & ()-,4"10% & () -
16,4"10%\J\ & ()- ! "109%2\2\& ()-! "109%\2\& ()-"10%& ()-012cj K:

10\ " 9s1@ 0%RRgue) 5 & d' i répresehtdng Amplitude TAA and noise in terms of land width.

Specified is that a magnetic recording head has a magnetic pole width of 0.36 u m, a side
edge size of 0.30 u m, a skew angle of 30 degrees, and a track density of 60 kTPI.
15  Measurement demonstrates that land widths equal to or more than magnetic pole width
0.36 1 m increase noise considerably. This is ascribed to an increase in recorded track
width of a recorded bit, the formation of a polygon recorded bit, the influence of
adjacent recorded tracks, etc. Further, land widths less than magnetic pole width
diminishes noise a little. Amplitude, on the contrary, decreases  due to the reduction of

20 recorded magnetization.

Figure 6 is a diagram showing the relation between land width and SN ratio.
Measurement indicates that the land is required to have land widths 0.32 to 0.36 u m in
order to obtain SN ratios 20dB or more. Land has to be minimized to have land widths

25 equal to or less than magnetic pole width, and optimized according to the kind of a

13
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31 g%. 8 |gu|§.. (f dlagral’n shoWnnL 'the rel Lbn %gween- gr'c'Jg' OCVS& p{h) an'goe%fec::lhve recerdNDI -

track width. Specified is that the magnetic recording head has a skew angle of 20
5  degrees, other conditions remaining the same. Measurement reveals that shallow groove
depth causes the signal recorded in grooves to be detected, increasing effective recorded
track width. Groove depths 200nm or more results in an effective recorded track width

equal to magnetic pole width 0.36 1 m. Hence, groove widths 200nm or more suffice.

10 Findings reveals that land widths 0.32 to 0.36 x m and groove depths 200nm or more in
the substrate provide an increase in recording density and an improvement in the RW
characteristic (SN ratio=20dB) of a perpendicular magnetic recording medium, assuming
that the magnetic recording head has a magnetic pole width of 0.36 1 m, a magnetic pole's

side edge size of 0.30 1 m, a skew angle of 30 degrees, and a  track density of 60 kTPI.

15
Advantageous Effect of the Invention
A perpendicular magnetic recording medium with high recording density and an excellent
RW characteristic can be efficiently manufactured with the present inventions as set forth
20  above.
25
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(b) a groove,

said land and groove being alternated in respective concentric circles with each of said

land and groove arranged at regular intervals, said land and groove being equal to the

track pitch of said magnetic recording head in total width, said land being equal to or less

10  than the effective recorded track width of said magnetic recording head in width, and

said groove being 200 nm or more in depth.

2. A substrate for a perpendicular magnetic recording medium as set forth in claim 1,
wherein said substrate is composed of one selected from the group of metal, including

15  aluminum, titanium, and silicon, ceramic, glass, and plastics.

3. A method for manufacturing a substrate for a perpendicular magnetic recording
medium information is magnetically written into and read out with a magnetic recording
head comprising the steps of:

20  (a) grooving the side of said substrate in concentric circles to give a land and a groove,
said land and groove being alternated in respective concentric circles with each of said
land and groove arranged at regular intervals, said land and groove being equal to the
track pitch of said magnetic recording head in total width, said land being equal to or less
than the effective recorded track width of said magnetic recording head in width, and

25  said groove being 200 nm or more in depth.

15
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glass, and plastics.

5. A method for manufacturing a substrate for a perpendicular magnetic
recording medium as set forth in claim 3 or 4, wherein the side of a plastic substrate is
grooved by copying from a stamper on injection molding said substrate to give more than

one land and groove.

6. A method for manufacturing a substrate for a perpendicular magnetic recording
medium as set forth in claim 3, or 4, wherein the side of a ceramic or a metal substrate is

grooved by photolithography to give more than one land and groove.

7. A perpendicular magnetic recording medium including a substrate and a
perpendicular magnetic recording layer information is magnetically  written into and
read out with a magnetic recording head comprising:

(a) a land and a groove of said substrate,

said land and groove being alternated in respective concentric circles with each of said
land and groove arranged at regular intervals, said land and groove being equal to the
track pitch of said magnetic recording head in total width, said land being equal to or less
than the effective recorded track width of said magnetic recording head in width, and

said groove being 200 nm or more in depth.
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ROM mformatlon including servo information and confidential information, is

formed with more than one land and groove.

10 A method for manufacturing a perpendicular magnetic recording medium
including a orientation-control layer, an antiferromagnetic layer, a soft magnetic layer, a
under layer, an intermediate layer, a perpendicular magnetic recording layer, a protective
layer, and a lubricative layer formed one on top of another on a non-magnetic substrate
comprising the steps of:

(a)grooving the side of said substrate in concentric circles to give a land and a
groove,
said land and groove being alternated in respective concentric circles with each of said
land and groove arranged at regular intervals, said land and groove being equal to the
track pitch of a magnetic recording head in total width, said land being equal to or less
than the effective recorded track width of said magnetic recording head in width, and

said groove being 200 nm or more in depth.

11. A method for manufacturing a perpendicular magnetic recording medium as

set forth in claim 10, wherein a substrate is composed of one selected from the group of

metal, including aluminum, titanium, and silicon, ceramic, glass, and plastics.
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